wo 2018/086795 A1 | I0K 000 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date
17 May 2018 (17.05.2018)

(10) International Publication Number

WO 2018/086795 Al

WIPO I PCT

(51) International Patent Classification:

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

GO3F 7/20 (2006.01) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(21) International Application Number: (84) Designated States (unless otherwise indicated, for every
PCT/EP2017/074439 kind of regional protection available): ARIPO (BW, GH,
(22) International Filing Date: GM,KE, LR, LS, MW’ MZ, NA, RW, S, SL, ST, 82, TZ,
27 September 2017 (27.09.2017) UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
e TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(25) Filing Language: English EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
s . MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(26) Publication Language: English TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(30) Priority Data: KM, ML, MR, NE, SN, TD, TG).
16198271.5 10 November 2016 (10.11.2016) EP
Published:

(71) Applicant: ASML NETHERLANDS B.V. [NL/NL]; P.O.
Box 324, 5500 AH Veldhoven (NL).

(72) Imventors: TEN BERGE, Peter; P.O. Box 324, 5500 AH
Veldhoven (NL). DE RUITER, Christiaan, Theodoor;
P.O. Box 324, 5500 AH Veldhoven (NL).

(74) Agent: PETERS, John; P.O. Box 324, 5500 AH Veld-
hoven (NL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

with international search report (Art. 21(3))

(54) Title: METHOD FOR DETERMINING AN OPTIMIZED SET OF MEASUREMENT LOCATIONS FOR MEASUREMENT
OF A PARAMETER OF A LITHOGRAPHIC PROCESS, METROLOGY SYSTEM AND COMPUTER PROGRAM PRODUCTS
FOR IMPLEMENTING SUCH METHODS

310

360

Fig. 3

(57) Abstract: Disclosed is a method, and associated system for determining
an optimized set of measurement locations for measurement of a parameter re-
lated to a structure applied to a substrate by a lithographic process. The method
comprises determining a first set of parameter values from a first set of mea-
surements of first structures across a first plurality of locations, for example
from target measurements and determining a second set of parameter values
from a second set of measurements of second structures across a second plu-
rality of locations, for example using an SEM or e-beam tool on product struc-
tures. A correlation is determined between said first set of parameter values
and said second set of parameter values and used to determine the optimized
set of measurement locations.
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METHOD FOR DETERMINING AN OPTIMIZED SET OF MEASUREMENT LOCATIONS FOR
MEASUREMENT OF A PARAMETER OF A LITHOGRAPHIC PROCESS, METROLOGY
SYSTEM AND COMPUTER PROGRAM PRODUCTS FOR IMPLEMENTING SUCH METHODS

BACKGROUND

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority of EP/US application 16198271.5 which was filed on

November 10, 2016 and which is incorporated herein in its entirety by reference.

Field of the Invention

[0002] The present invention relates to methods and apparatus for measuring a structure on a substrate
and models for error correction. The invention may be applied for example in metrology of microscopic
structures, for example to assess critical dimensions (CD) or overlay performance of a lithographic

apparatus.

Background

[0003] A lithographic apparatus is a machine that applies a desired pattern onto a substrate, usually
onto a target portion of the substrate. A lithographic apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In that instance, a patterning device, which is alternatively
referred to as a mask or a reticle, may be used to generate a circuit pattern to be formed on an individual
layer of the IC. This pattern can be transferred onto a target portion (e.g. comprising patt of, one, or
several dies) on a substrate (e.g. a silicon wafer). Transfer of the pattern is typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the substrate. In general, a single substrate will
contain a network of adjacent target portions that are successively patterned. Known lithographic
apparatus include so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at one time, and so-called scanners, in which each target portion is
irradiated by scanning the pattern through a radiation beam in a given direction (the “scanning”-
direction) while synchronously scanning the substrate parallel or anti-parallel to this direction. It is also
possible to transfer the pattern from the patterning device to the substrate by imprinting the pattern onto
the substrate.

[0004] An irradiated target portion of the substrate is often referred to as an “exposure field”, or
simply “field”. The layout of the fields on the substrate is typically a network of adjacent rectangles.
One field may be further divided into “dies”, a “die” typically being defined as an area on a reticle or
substrate associated with a fully functional integrated circuit layer. Often a reticle comprises circuits of

patterns for multiple integrated circuits, a field does then include multiple dies.
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[0005] In order to monitor the lithographic process, parameters of the patterned substrate are
measured. Parameters may include, for example, the overlay error between successive layers formed in
or on the patterned substrate and critical linewidth (CD) of developed photosensitive resist. This
measurement may be performed on a product substrate and/or on a dedicated metrology target. There
are various techniques for making measurements of the microscopic structures formed in lithographic
processes, including the use of scanning electron microscopes and various specialized tools. A fast and
non-invasive form of specialized inspection tool is a scatterometer in which a beam of radiation is
directed onto a target on the surface of the substrate and properties of the scattered or reflected beam
are measured. Two main types of scatterometer are known. Spectroscopic scatterometers direct a
broadband radiation beam onto the substrate and measure the spectrum (intensity as a function of
wavelength) of the radiation scattered into a particular narrow angular range. Angularly resolved
scatterometers use a monochromatic radiation beam and measure the intensity of the scattered radiation
as a function of angle.

[0006] Examples of known scatterometers include angle-resolved scatterometers of the type
described in US2006033921A1 and US2010201963A1. The targets used by such scatterometers are
relatively large, e.g., 40pm by 40pm, gratings and the measurement beam generates a spot that is smaller
than the grating (i.e., the grating is underfilled). In addition to measurement of feature shapes by
reconstruction, diffraction based overlay can be measured using such apparatus, as described in
published patent application US2006066855A1. Diffraction-based overlay metrology using dark-field
imaging of the diffraction orders enables overlay measurements on smaller targets. Examples of dark
field imaging metrology can be found in international patent applications WO 2009/078708 and
WO 2009/106279 which documents are hereby incorporated by reference in their entirety. Further
developments of the technique have been described in published patent publications US20110027704A,
US20110043791A, US2011102753A1, US20120044470A, US20120123581A, US20130258310A,
US20130271740A and WO2013178422A1. These targets can be smaller than the illumination spot and
may be surrounded by product structures on a wafer. Multiple gratings can be measured in one image,
using a composite grating target. The contents of all these applications are also incorporated herein by
reference.

[0007] While measuring a performance parameter, such as overlay, on targets using scatterometry or
imaging may be relatively quick and non-destructive, it may not be truly representative of the parameter
for the actual product. One reason for this is because the actual product structures are much (orders of
magnitude) smaller than the size of the target structures which are required for scatterometry or imaging
measurements, and this difference in size can result in different parameter behavior (e.g., pattern
placement and resulting overlay for metrology targets may differ from pattern placement and resulting
overlay of actual structures). This difference in behavior is referred to herein as Metrology-to-Device
offset, or MTD offset. To correct for the MTD offset, MTD metrology is performed to measure directly

the product parameter (e.g., but not limited to, using a scanning electron microscope (SEM) or electron
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beam metrology device). The MTD offset can then be determined from the difference of these direct
product parameter measurements and corresponding metrology target measurements which can be used
as a correction for subsequent target metrology measurements in a feedback control loop. However, the
direct product parameter measurements are slow and often destructive. It would therefore be desirable
to optimize this MTD metrology, such that a non-destructive overlay metrology measurement on targets

can serve to determine the overlay of actual structures.

SUMMARY OF THE INVENTION

[0008] In a first aspect of the invention, there is provided a method to determine an optimized set of
measurement locations for measurement of a parameter related to a structure applied to a substrate by
a semiconductor manufacturing process, the method comprising: determining a first set of parameter
values for the parameter from a first set of measurements on first structures across a first plurality of
locations; determining a second set of parameter values from a second set of measurements on second
structures across a second plurality of locations; determining a correlation between said first set of
parameter values and said second set of parameter values; and using the determined correlation to
determine the optimized set of measurement locations.

[0009] In asecond aspect of the invention, there is provided a system comprising a processor operable
to: obtain a first set of parameter values of a parameter related to first structures applied to a substrate
by a lithographic process at a first plurality of locations; obtain a second set of parameter values related
to second structures applied to a substrate by a lithographic process at a second plurality of locations;
determine a correlation between said first set of parameter values and said second set of parameter
values; and use the determined correlation to determine an optimized set of measurement locations for
subsequent measurement of the parameter using said second measurement device.

[0010] Further aspects, features and advantages of the invention, as well as the structure and operation
of various embodiments of the invention, are described in detail below with reference to the
accompanying drawings. It is noted that the invention is not limited to the specific embodiments
described herein. Such embodiments are presented herein for illustrative purposes only. Additional
embodiments will be apparent to persons skilled in the relevant art(s) based on the teachings contained

herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Embodiments of the invention will now be described, by way of example, with reference to
the accompanying drawings in which:

Figure 1 depicts a lithographic apparatus together with other apparatuses forming a production
facility for semiconductor devices;

Figure 2 comprises a schematic diagram of a scatterometer for use in measuring targets

according to embodiments of the invention; and
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Figure 3 is a flowchart describing a method according to an embodiment of the invention.

DETAILED DESCRIPTION

[0012] Before describing embodiments of the invention in detail, it is instructive to present an
example environment in which embodiments of the present invention may be implemented.

[0013] Figure 1 at 200 shows a lithographic apparatus LA as part of an industrial production facility
implementing a high-volume, lithographic manufacturing process. In the present example, the
manufacturing process is adapted for the manufacture of for semiconductor products (integrated
circuits) on substrates such as semiconductor wafers. The skilled person will appreciate that a wide
variety of products can be manufactured by processing different types of substrates in variants of this
process. The production of semiconductor products is used purely as an example which has great
commercial significance today.

[0014] Within the lithographic apparatus (or “litho tool” 200 for short), a measurement station MEA
is shown at 202 and an exposure station EXP is shown at 204. A control unit LACU is shown at 206.
In this example, each substrate visits the measurement station and the exposure station to have a pattern
applied. In an optical lithographic apparatus, for example, a projection system is used to transfer a
product pattern from a patterning device MA onto the substrate using conditioned radiation and a
projection system. This is done by forming an image of the pattern in a layer of radiation-sensitive resist
material.

[0015] The term “projection system” used herein should be broadly interpreted as encompassing any
type of projection system, including refractive, reflective, catadioptric, magnetic, electromagnetic and
electrostatic optical systems, or any combination thereof, as appropriate for the exposure radiation being
used, or for other factors such as the use of an immersion liquid or the use of a vacuum. The patterning
MA device may be a mask or reticle, which imparts a pattern to a radiation beam transmitted or reflected
by the patterning device. Well-known modes of operation include a stepping mode and a scanning
mode. As is well known, the projection system may cooperate with support and positioning systems for
the substrate and the patterning device in a variety of ways to apply a desired pattern to many target
portions across a substrate. Programmable patterning devices may be used instead of reticles having a
fixed pattern. The radiation for example may include electromagnetic radiation in the deep ultraviolet
(DUV) or extreme ultraviolet (EUV) wavebands. The present disclosure is also applicable to other types
of lithographic process, for example imprint lithography and direct writing lithography, for example by
electron beam.

[0016] The lithographic apparatus control unit LACU which controls all the movements and
measurements of various actuators and sensors to receive substrates W and reticles MA and to
implement the patterning operations. The LACU also includes signal processing and data processing

capacity to implement desired calculations relevant to the operation of the apparatus. In practice,
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control unit LACU will be realized as a system of many sub-units, each handling the real-time data
acquisition, processing and control of a subsystem or component within the apparatus.

[0017] Before the pattern is applied to a substrate at the exposure station EXP, the substrate is
processed in at the measurement station MEA so that various preparatory steps may be carried out. The
preparatory steps may include mapping the surface height of the substrate using a level sensor and
measuring the position of alignment marks on the substrate using an alignment sensor. The alignment
marks are arranged nominally in a regular grid pattern. However, due to inaccuracies in creating the
marks and also due to deformations of the substrate that occur throughout its processing, the marks
deviate from the ideal grid. Consequently, in addition to measuring position and orientation of the
substrate, the alignment sensor in practice must measure in detail the positions of many marks across
the substrate area, if the apparatus is to print product features at the correct locations with very high
accuracy. The apparatus may be of a so-called dual stage type which has two substrate tables, each
with a positioning system controlled by the control unit LACU. While one substrate on one substrate
table is being exposed at the exposure station EXP, another substrate can be loaded onto the other
substrate table at the measurement station MEA so that various preparatory steps may be carried out.
The measurement of alignment marks is therefore very time-consuming and the provision of two
substrate tables enables a substantial increase in the throughput of the apparatus. If the position sensor
IF is not capable of measuring the position of the substrate table while it is at the measurement station
as well as at the exposure station, a second position sensor may be provided to enable the positions of
the substrate table to be tracked at both stations. Lithographic apparatus LA may for example is of a
so-called dual stage type which has two substrate tables and two stations — an exposure station and a
measurement station— between which the substrate tables can be exchanged.

[0018] Within the production facility, apparatus 200 forms part of a “litho cell” or “litho cluster” that
contains also a coating apparatus 208 for applying photosensitive resist and other coatings to substrates
W for patterning by the apparatus 200. At an output side of apparatus 200, a baking apparatus 210 and
developing apparatus 212 are provided for developing the exposed pattern into a physical resist pattern.
Between all of these apparatuses, substrate handling systems take care of supporting the substrates and
transferring them from one piece of apparatus to the next. These apparatuses, which are often
collectively referred to as the track, are under the control of a track control unit which is itself controlled
by a supervisory control system SCS, which also controls the lithographic apparatus via lithographic
apparatus control unit LACU. Thus, the different apparatus can be operated to maximize throughput
and processing efficiency. Supervisory control system SCS receives recipe information R which
provides in great detail a definition of the steps to be performed to create each patterned substrate.
[0019] Once the pattern has been applied and developed in the litho cell, patterned substrates 220 are
transferred to other processing apparatuses such as are illustrated at 222, 224, 226. A wide range of
processing steps is implemented by various apparatuses in a typical manufacturing facility. For the

sake of example, apparatus 222 in this embodiment is an etching station, and apparatus 224 performs a
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post-etch annealing step. Further physical and/or chemical processing steps are applied in further
apparatuses, 226, etc.. Numerous types of operation can be required to make a real device, such as
deposition of material, modification of surface material characteristics (oxidation, doping, ion
implantation etc.), chemical-mechanical polishing (CMP), and so forth. The apparatus 226 may, in
practice, represent a series of different processing steps performed in one or more apparatuses. As
another example, apparatus and processing steps may be provided for the implementation of self-
aligned multiple patterning, to produce multiple smaller features based on a precursor pattern laid down
by the lithographic apparatus.

[0020] As is well known, the manufacture of semiconductor devices involves many repetitions of
such processing, to build up device structures with appropriate materials and patterns, layer-by-layer on
the substrate. Accordingly, substrates 230 arriving at the litho cluster may be newly prepared substrates,
or they may be substrates that have been processed previously in this cluster or in another apparatus
entirely. Similarly, depending on the required processing, substrates 232 on leaving apparatus 226 may
be returned for a subsequent patterning operation in the same litho cluster, they may be destined for
patterning operations in a different cluster, or they may be finished products to be sent for dicing and
packaging.

[0021] Each layer of the product structure requires a different set of process steps, and the apparatuses
226 used at each layer may be completely different in type. Further, even where the processing steps
to be applied by the apparatus 226 are nominally the same, in a large facility, there may be several
supposedly identical machines working in parallel to perform the step 226 on different substrates. Small
differences in set-up or faults between these machines can mean that they influence different substrates
in different ways. Even steps that are relatively common to each layer, such as etching (apparatus 222)
may be implemented by several etching apparatuses that are nominally identical but working in parallel
to maximize throughput. In practice, moreover, different layers require different etch processes, for
example chemical etches, plasma etches, according to the details of the material to be etched, and special
requirements such as, for example, anisotropic etching.

[0022] The previous and/or subsequent processes may be performed in other lithography apparatuses,
as just mentioned, and may even be performed in different types of lithography apparatus. For example,
some layers in the device manufacturing process which are very demanding in parameters such as
resolution and overlay may be performed in a more advanced lithography tool than other layers that are
less demanding. Therefore some layers may be exposed in an immersion type lithography tool, while
others are exposed in a ‘dry’ tool. Some layers may be exposed in a tool working at DUV wavelengths,
while others are exposed using EUV wavelength radiation.

[0023] In order that the substrates that are exposed by the lithographic apparatus are exposed correctly
and consistently, it is desirable to inspect exposed substrates to measure properties such as overlay
errors between subsequent layers, line thicknesses, critical dimensions (CD), etc. Accordingly a

manufacturing facility in which litho cell L.C is located also includes metrology system which receives
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some or all of the substrates W that have been processed in the litho cell. Metrology results are provided
directly or indirectly to the supervisory control system SCS. If errors are detected, adjustments may be
made to exposures of subsequent substrates, especially if the metrology can be done soon and fast
enough that other substrates of the same batch are still to be exposed. Also, already exposed substrates
may be stripped and reworked to improve yield, or discarded, thereby avoiding performing further
processing on substrates that are known to be faulty. In a case where only some target portions of a
substrate are faulty, further exposures can be performed only on those target portions which are good.
[0024] Also shown in Figure 1 is a metrology apparatus 240 which is provided for making
measurements of parameters of the products at desired stages in the manufacturing process. A common
example of a metrology station in a modern lithographic production facility is a scatterometer, for
example a dark-field scatterometer, an angle-resolved scatterometer or a spectroscopic scatterometer,
and it may be applied to measure properties of the developed substrates at 220 prior to etching in the
apparatus 222. Using metrology apparatus 240, it may be determined, for example, that important
performance parameters such as overlay or critical dimension (CD) do not meet specified accuracy
requirements in the developed resist. Prior to the etching step, the opportunity exists to strip the
developed resist and reprocess the substrates 220 through the litho cluster. The metrology results 242
from the apparatus 240 can be used to maintain accurate performance of the patterning operations in
the litho cluster, by supervisory control system SCS and/or control unit LACU 206 making small
adjustments over time, thereby minimizing the risk of products being made out-of-specification, and
requiring re-work.

[0025] Additionally, metrology apparatus 240 and/or other metrology apparatuses (not shown) can
be applied to measure properties of the processed substrates 232, 234, and incoming substrates 230. The
metrology apparatus can be used on the processed substrate to determine important parameters such as
overlay or CD.

[0026] A metrology apparatus suitable for use in embodiments of the invention is shown in Figure
2(a). A target T and diffracted rays of measurement radiation used to illuminate the target are illustrated
in more detail in Figure 2(b). The metrology apparatus illustrated is of a type known as a dark field
metrology apparatus. The metrology apparatus may be a stand-alone device or incorporated in either
the lithographic apparatus LA, e.g., at the measurement station, or the lithographic cell LC. An optical
axis, which has several branches throughout the apparatus, is represented by a dotted line O. In this
apparatus, light emitted by source 11 (e.g., a xenon lamp) is directed onto substrate W via a beam splitter
15 by an optical system comprising lenses 12, 14 and objective lens 16. These lenses are arranged in a
double sequence of a 4F arrangement. A different lens arrangement can be used, provided that it still
provides a substrate image onto a detector, and simultaneously allows for access of an intermediate
pupil-plane for spatial-frequency filtering. Therefore, the angular range at which the radiation is
incident on the substrate can be selected by defining a spatial intensity distribution in a plane that

presents the spatial spectrum of the substrate plane, here referred to as a (conjugate) pupil plane. In
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particular, this can be done by inserting an aperture plate 13 of suitable form between lenses 12 and 14,
in a plane which is a back-projected image of the objective lens pupil plane. In the example illustrated,
aperture plate 13 has different forms, labeled 13N and 138, allowing different illumination modes to be
selected. The illumination system in the present examples forms an off-axis illumination mode. In the
first illumination mode, aperture plate 13N provides off-axis from a direction designated, for the sake
of description only, as ‘north’. In a second illumination mode, aperture plate 13S is used to provide
similar illumination, but from an opposite direction, labeled ‘south’. Other modes of illumination are
possible by using different apertures. The rest of the pupil plane is desirably dark as any unnecessary
light outside the desired illumination mode will interfere with the desired measurement signals.

[0027]  As shown in Figure 2(b), target T is placed with substrate W normal to the optical axis O of
objective lens 16. The substrate W may be supported by a support (not shown). A ray of measurement
radiation [ impinging on target T from an angle off the axis O gives rise to a zeroth order ray (solid line
0) and two first order rays (dot-chain line +1 and double dot-chain line -1). It should be remembered
that with an overfilled small target, these rays are just one of many parallel rays covering the area of the
substrate including metrology target T and other features. Since the aperture in plate 13 has a finite
width (necessary to admit a useful quantity of light, the incident rays I will in fact occupy a range of
angles, and the diffracted rays O and +1/-1 will be spread out somewhat. According to the point spread
function of a small target, each order +1 and -1 will be further spread over a range of angles, not a single
ideal ray as shown. Note that the grating pitches of the targets and the illumination angles can be
designed or adjusted so that the first order rays entering the objective lens are closely aligned with the
central optical axis. The rays illustrated in Figure 2(a) and 2(b) are shown somewhat off axis, purely to
enable them to be more easily distinguished in the diagram.

[0028] Atleastthe O and +1 orders diffracted by the target T on substrate W are collected by objective
lens 16 and directed back through beam splitter 15. Returning to Figure 2(a), both the first and second
illumination modes are illustrated, by designating diametrically opposite apertures labeled as north (N)
and south (S). When the incident ray I of measurement radiation is from the north side of the optical
axis, that is when the first illumination mode is applied using aperture plate 13N, the +1 diffracted rays,
which are labeled +1(N), enter the objective lens 16. In contrast, when the second illumination mode is
applied using aperture plate 138 the -1 diffracted rays (labeled -1(S)) are the ones which enter the lens
16.

[0029] A second beam splitter 17 divides the diffracted beams into two measurement branches. In a
first measurement branch, optical system 18 forms a diffraction spectrum (pupil plane image) of the
target on first sensor 19 (e.g. a CCD or CMOS sensor) using the zeroth and first order diffractive beams.
Each diffraction order hits a different point on the sensor, so that image processing can compare and
contrast orders. The pupil plane image captured by sensor 19 can be used for many measurement

purposes such as reconstruction used in methods described herein. The pupil plane image can also be
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used for focusing the metrology apparatus and/or normalizing intensity measurements of the first order
beam.

[0030] In the second measurement branch, optical system 20, 22 forms an image of the target T on
sensor 23 (e.g. a CCD or CMOS sensor). In the second measurement branch, an aperture stop 21 is
provided in a plane that is conjugate to the pupil-plane. Aperture stop 21 functions to block the zeroth
order diffracted beam so that the image of the target formed on sensor 23 is formed only from the -1 or
+1 first order beam. The images captured by sensors 19 and 23 are output to processor PU which
processes the image, the function of which will depend on the particular type of measurements being
performed. Note that the term ‘image’ is used here in a broad sense. An image of the grating lines as
such will not be formed, if only one of the -1 and +1 orders is present.

[0031] The particular forms of aperture plate 13 and field stop 21 shown in Figure 2 are purely
examples. In another embodiment of the invention, on-axis illumination of the targets is used and an
aperture stop with an off-axis aperture is used to pass substantially only one first order of diffracted
light to the sensor. In yet other embodiments, 2™, 3 and higher order beams (not shown in Figure 2)
can be used in measurements, instead of or in addition to the first order beams.

[0032] The target T may comprise a number of gratings, which may have differently biased overlay
offsets in order to facilitate measurement of overlay between the layers in which the different parts of
the composite gratings are formed. The gratings may also differ in their orientation, so as to diffract
incoming radiation in X and Y directions. In one example, a target may comprise two X-direction
gratings with biased overlay offsets +d and -d, and Y-direction gratings with biased overlay offsets +d
and —d. Separate images of these gratings can be identified in the image captured by sensor 23. Once
the separate images of the gratings have been identified, the intensities of those individual images can
be measured, e.g., by averaging or summing selected pixel intensity values within the identified areas.
Intensities and/or other properties of the images can be compared with one another. These results can
be combined to measure different parameters of the lithographic process.

[0033] Process control has been applied to the semiconductor industry for many years. Substrates are
measured with metrology tools and a correction model is applied to measured data in order to calculate
model parameters. Those parameters are then used to control the process. Therefore, the performance
of process control depends on metrology measurement scheme and correction model. It is known that
there is a trade-off between metrology measurement effort and modeling accuracy.

[0034] Metrology performed on dedicated targets using a scatterometry-based or image-based
metrology apparatus has the advantage of being relatively fast compared to other techniques such as
electron beam (e-beam) metrology or scanning electron microscope (SEM) metrology. However, the
targets used for such scatterometry-based or image-based metrology need to be sufficiently large to be
measurable using such techniques. This means that the target structures are required to be significantly
larger (e.g., 1 to 2 orders of magnitude larger) than the actual product structures to which the

measurements are meant to relate. As a consequence, lithographic and other processes may locally and
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globally interact differently with the smaller product structures and larger dedicated metrology targets.
The result is an offset between measurements of a parameter on an actual product structure, for example
using an SEM or e-beam device, and measurements of the same parameter on a metrology target (on
the same substrate) using for example scatterometry. The remaining discussion will refer to
scatterometry based metrology for the faster measurements, although it will be appreciated that in each
case image-based metrology, or any other metrology technique which is relatively fast (compared for
example to SEM or e-beam metrology) but requires target structures larger than product structures, will
be equally applicable and within the scope of the disclosure. This offset is referred to throughout this
disclosure as metrology-to-device offset or MTD offset. This MTD offset has both intrafield
contributions (variation of the MTD offset across a field which is common to all individual fields on
the substrate) and interfield contributions (behavior of the MTD offset across the substrate which is not
related to an intrafield contribution).

[0035] To mitigate for the MTD offset, MTD offset metrology may be performed to measure the
MTD offset, thereby enabling correction of target measurements performed using a scatterometer. MTD
offset metrology may comprise measuring a parameter (e.g., overlay) on an actual product structure
(product-resolution measurements) using a suitable technique (e.g., SEM or e-beam metrology),
measuring the same parameter on a scatterometer target on the same substrate and determining the
difference between the two measurements. This may be repeated at various locations per substrate,
and/or per field to capture interfield and intrafield variation of this MTD offset. MTD offset metrology
may be be performed on a per batch / layer / product basis.

[0036] MTD offset metrology may be executed using SEM or e-beam metrology, which is quite slow
(typically taking longer than 10s per measurement point). However, to be effective, measurements
should be repeated/updated frequently. This takes significant time and resources, particularly when
performed per layer and per product. Therefore it is proposed to optimize this process, and in particular
optimize the amount of information obtained regarding the MTD offset per product-resolution
measurement performed.

[0037] The proposed methods comprise optimizing the sampling scheme for MTD offset metrology
from an input comprising a fingerprint of the difference (delta-fingerprint) between product-resolution
measurements and nearby target measurements of a parameter. The output will be an optimized
sampling plan which best captures this delta-fingerprint. Several optimality statistical criteria may be
used to optimize a metrology sampling scheme based on a given correction model. A popular optimality
criterion, which may be used here for example, is normalized model uncertainty (also called as G-
optimality). The physical meaning of model uncertainty is standard deviation of correctable errors for
given position. As such, normalized model uncertainty can be calculated per measurable (or specified)
position. Following that, statistical measures (e.g. maximum, mean plus 3¢ etc.) can be used to evaluate

a reduced sampling scheme.
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[0038] Since the input fingerprints contain both interfield variations (for example: as a result of
various wafer processes such as etch and CMP) and intrafield variations (for example: within wafer
intra-die stress distribution as in 3DNAND), the MTD offset may be described with intrafield and
interfield models.

[0039] Figure 3 is a flowchart describing a method for optimizing a sampling scheme. At step 310,
using a scatterometer such as that illustrated in Figure 2(a), measurements of metrology targets or other
suitably sized structures (large enough to be measured using scatterometry techniques) are made. The
substrate may be measured densely (i.e., at a large number of target locations, both within a field and
over the whole substrate) during this step to maximize capture of interfield and intrafield effects. The
measurements at this step may be performed using angle-resolved scatterometry or dark-field imaging,
for example, depending on the device being used and parameter being measured. As already stated,
other (e.g., image-based) metrology techniques may be utilized as well.

[0040] At step 320, for each target measurement made at step 310, a nearby device structure is
measured using, for example, an SEM, e-beam or at-resolution overlay (ARO) metrology device or
other device capable of performing measurements directly on product structures (product-resolution
measurements). The MTD offset is then determined by calculating the difference between a
measurement value related to the metrology target and a measurement value related to the nearby device
structure. The MTD offset may have some dependence on the distance between the metrology target
and it’s associated (nearby) device structure. The (average and/or variation of the) distance between the
metrology target and the device structure across the substrate may be taken into account to reduce the
impact of distance variations on the determined MTD offset values. In an embodiment, the average
distance between each target measurement at step 310 and its corresponding product-resolution
measurement at step 320 is minimized. In another embodiment, the distance variation across the
substrate between each target measurement at step 310 and its corresponding product-resolution
measurement at step 320 is minimized.

[0041] In the measurement steps 310, 320, any suitable (metrology target based) parameter may be
measured, for example: overlay, focus, CD, edge placement error, side wall angle. These steps may be
performed per layer and/or per product.

[0042] The examples provided for measurement steps 310, 320 refer to measurement of device
structures (or product-resolution measurements) and to measurement of target structures. It should be
appreciated that the concepts herein are not limited to these examples. More generally the first
measurement step comprises performing a measurement on first structures and the second measurement
step comprises performing a measurement on second structures. The first structures may comprise target
structures and the first measurement step may comprise measuring the target structures using diffraction
based metrology or image based metrology, for example. Of relevance is that the first structures are
representative structures and there may be an offset between measurements of these representative first

structures and of the actual structures to which the measurements relate.
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[0043] The second structures are described below as being actual product structures. However, this
is not necessarily so. In other embodiments, the second structures may also be representative structures
(e.g., target structures). The difference between the measurements of the first structure and second
structures in such an example may be sufficiently representative of the MTD offset (if not the actual
MTD offset). An example could be where the first structure is a first target with a first characteristic
(for example a pitch, CD, geometry) and the second structure is a second target with a second
characteristic. The measured difference may then be used as the MTD offset, or alternatively used to
derive (e.g., model) the MTD offset (possibly using knowledge of the device structures). The first and
second targets may be comprised in different layers of the stack.

[0044] The second measurement step is disclosed as comprising SEM, e-beam metrology or at-
resolution overlay (ARO) methods. However other quality indication representative of yield may be
used. For example the second measurement step to obtain a second set of measurement values may
comprise performing an electrical measurement test on the second structures to determine their quality,
given an indication of an expected yield.

[0045] At step 330, the difference between the measurements from step 310 and corresponding
measurements at step 320 is calculated over the substrate, to find the delta-fingerprint for the MTD
offset. At step 340, a model or combination of models is determined which describes the delta-
fingerprint for the MTD offset. The modeling may comprise any known modeling techniques, such as
those used for capturing interfield and intrafield error fingerprints (e.g., overlay/CD/focus fingerprints)
in known techniques for modeling errors. For example Zernike function models or radial basis functions
may be used (e.g., in particular to capture interfield effects). Other models may comprise those based
on Fourier series or polynomial series. Where a combination of models are determined, the models may
comprise an interfield model and an intrafield model. In addition, models may be determined per layer
and/or per product. The modeling may be a simple fit to the measurements without taking into account
any a priori knowledge e.g., of known patterns or effects. Alternatively, such known patterns can be
used as an input or constraint to the modeling process. A priori knowledge may comprise for example,
aberration driven pattern placement. For example, where it is known that a certain process causes greater
MTD offset variation near the edge of the substrate, a constraint may be applied when fitting the model
to the measurements which favors sampling points toward the substrate edge. Similarly, another known
pattern may be a known slit fingerprint (a variation of the MTD offset with along a particular axis of a
field on the substrate). A constraint may be applied when fitting the model to the measurements which
favors sampling points along an axis which show least variation.

[0046] At step 350, an optimal sampling scheme is determined. This may comprise downsampling
the measurements performed at steps 310 and 320 using one or more quality/performance indications,
e.g., key performance indicators (KPIs) and KPI specs. The KPIs and KPI specs may be defined, for

example, in terms of one or more of: model uncertainty, uniformity and noise suppression. In particular,
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the sampling scheme may minimize the number of measurements required to achieve one or more of
said KPlIs, so as to (for example) meet a model uncertainty, uniformity and/or noise suppression criteria.

[0047] In an embodiment, model uncertainty may be defined as:

Onoise / Cg; (CT C) _1Cp

where C represents the design matrix of a reduced sampling scheme, C, represents a design matrix of
any measurable position and 0y,,;¢. 15 a noise factor (variance).
[0048] At step 360, an export report is generated with the determined sampling scheme (comprising
a number of measurement locations). This sampling scheme will be used for MTD offset metrology
during production (e.g., by an SEM or e-beam apparatus).
[0049] The disclosed methods may also comprise using the determined sampling scheme when
performing MTD offset metrology in process control during a lithographic production process. The
MTD offset metrology data obtained from measurements at the locations defined by the sampling
scheme can then be used to determine a correction for more regularly performed target-based (e.g.,
scatterometer) production measurements in a process control loop (for example an overlay, focus, CD
or SWA control loop).
[0050] In an embodiment, the model(s) determined (e.g., at step 340) can be used to estimate
parameter values for the product structures (production second parameter values) from the target
measurements (production first parameter values), e.g., in a shadow process control loop. In this way,
a good approximation of an actual device parameter value at a particular location can be obtained from
at least one nearby scatterometer target measurement and the appropriate model(s).
[0051] The proposed methods therefore result in an improved device patterning performance (in
terms of e.g., overlay, focus or other parameter) as a result of a better MTD offset determination and/or
reduced cost by reduced resource requirement for the MTD offset determination.
[0052] Further embodiments of the invention are disclosed in the list of numbered embodiments
below:
1. A method to determine an optimized set of measurement locations for measurement of a
parameter related to a structure applied to a substrate by a semiconductor manufacturing process, the
method comprising:

determining a first set of parameter values for the parameter from a first set of measurements
on first structures across a first plurality of locations;

determining a second set of parameter values from a second set of measurements on second
structures across a second plurality of locations;

determining a correlation between said first set of parameter values and said second set of
parameter values; and

using the correlation to determine the optimized set of measurement locations.
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2. A method according to embodiment 1, wherein the second set of parameter values comprise
values for said parameter.

3. A method according to embodiment 2, wherein the step of determining a correlation comprises:

determining a difference between the first set of parameter values and said second set of parameter
values; and

determining one or more models to describe said difference over said substrate.

4. A method according to embodiment 3, wherein said step of determining a difference comprises
determining a set of differences from corresponding pairs of values from said first set of parameter
values and said second set of parameter values, wherein each corresponding pair of values comprises
values from a pair of corresponding measurement locations from said first plurality of measurement
locations and second plurality of measurement locations respectively.

5. A method according to embodiment 4, wherein displacement between the measurement
locations of each pair of corresponding measurement locations is minimized.

6. A method according to embodiment 4 or 5, wherein variation of displacement between the
measurement locations of each pair of corresponding measurement locations is minimized.

7. A method according to any of embodiments 3 to 6, wherein said step of determining one or
more models comprises fitting said one or more models to said difference over said substrate.

8. A method according to any of embodiments 3 to 7, wherein said step of determining one or
more models comprises determining at least an interfield model and an intrafield model.

9. A method according to any of embodiments 3 to 8, wherein said step of determining one or
more models comprises applying a constraint when determining the models based on a priori
knowledge of effects relating to said difference.

10. A method according to any of embodiments 3 to 9, wherein said step of determining the
optimized set of measurement locations comprises minimizing the number of measurement locations
while meeting requirements for said one or more models in terms of at least one performance indication.
11. A method according to embodiment 10, wherein said at least one performance indication
comprises one or more of: model uncertainty, noise suppression and uniformity.

12. A method according to any of embodiments 3 to 11, comprising using said one or more models
and a measurement of at least one first structure to estimate a parameter value for said parameter
applicable to one of said second structures.

13. A method according to embodiment 1, wherein the second set of parameter values comprise
values for another parameter which correlates with said parameter.

14. A method according to any of embodiments 1 to 13, comprising a step of performing
measurements to obtain said second set of measurement values using a scanning electron microscope
or electron beam metrology device.

15. A method according to any preceding embodiment, wherein said second structures comprise

product structures.
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16. A method according to embodiment 13, wherein the second set of parameter values are obtained
from electrical measurements of said second structures.

17. A method according to any of embodiments 1 to 15, wherein said second structures comprise
target structures representative of product structures.

18. A method according to any preceding embodiment, wherein said first structures each comprise
periodic target structures.

19. A method according to any preceding embodiment, comprising a step of performing
measurements to obtain said first set of measurement values using a scatterometry technique.

20. A method according to any of embodiments 1 to 18, comprising a step of performing

measurements to obtain said first set of measurement values using an image-based metrology technique.

21. A method according to any preceding embodiment, wherein said parameter is overlay.
22. A method according to any of embodiments 1 to 20, wherein said parameter is focus or dose.
23. A method according to any of embodiments 1 to 20, wherein said parameter is one of critical

dimension, side wall angle or edge placement error.

24. A method according to any preceding embodiment, wherein said optimized set of measurement
locations comprises fewer locations than said second plurality of locations.

25. A method of controlling a lithographic process comprising:

obtaining an optimized set of measurement locations, determined using the method of any preceding
embodiment;

measuring first structures on a processed substrate to obtain production first parameter values relating
to the parameter;

determining any deviation of said production first parameter from nominal;

controlling a process parameter of the lithographic process to minimize said deviation on subsequent
substrates;

measuring second structures on a processed substrate at locations determined by said optimized set of
measurement locations to obtain production second parameter values relating to said parameter; and
using said production second parameter values to correct for any differences between said production
first parameter values and said production second parameter values.

26. A method according to embodiment 25, wherein said step of measuring first structures is
performed more frequently than said step of measuring second structures.

27. A method according to embodiment 25 or 26, wherein said step of using said production second
parameter values to correct for any differences between said production first parameter values and said
production second parameter values comprises determining a correction to be applied to measurements
of said first structures to compensate for said differences between said production first parameter values
and said production second parameter values.

28. A method according to any of embodiments 25 to 27, wherein said step of measuring first

structures is performed using a scatterometry technique.
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29. A method according to any of embodiments 25 to 27, wherein said step of measuring first
structures is performed using an image-based metrology technique.
30. A method according to any of embodiments 25 to 29, wherein said step of measuring second
structures is performed using a scanning electron microscope or electron beam metrology device.
31. A computer program product comprising machine readable instructions which, when run on a
suitable processor, cause the processor to perform the method of any of embodiments 1 to 30.
32. A system comprising a processor operable to:

obtain a first set of parameter values for a parameter related to first structures applied to a
substrate by a lithographic process at a first plurality of locations;

obtain a second set of parameter values related to second structures applied to a substrate by a
lithographic process at a second plurality of locations;

determine a correlation between said first set of parameter values and said second set of
parameter values; and

use the determined correlation to determine an optimized set of measurement locations for
subsequent measurement of the parameter using said second measurement device.
33. A system according to embodiment 32, wherein said second set of parameter values comprise
values for said parameter.
34. A system according to embodiment 33, wherein, in determining a correlation, the processor is
operable to:
determine a difference between the first set of parameter values and said second set of parameter values;
and
determine one or more models to describe said difference over said substrate.
35. A system according to embodiment 34, wherein, in determining a difference, said processor is
operable to determining a set of differences from corresponding pairs of values from said first set of
parameter values and said second set of parameter values, wherein each corresponding pair of values
comprises values from a pair of corresponding measurement locations from said first plurality of
measurement locations and second plurality of measurement locations respectively.
36. A system according to embodiment 35, operable such that displacement between the
measurement locations of each pair of corresponding measurement locations is minimized.
37. A system according to embodiment 35 or 36, operable such that variation of displacement
between the measurement locations of each pair of corresponding measurement locations is minimized.
38. A system according to any of embodiments 39 to 37, wherein, in determining one or more
models, the processor is operable to fit said one or more models to said difference over said substrate.
39. A system according to any of embodiments 39 to 38, wherein, in determining one or more

models, the processor is operable to determine at least an interfield model and an intrafield model.
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40. A system according to any of embodiments 39 to 39, wherein the processor is operable to apply
a constraint when determining the models based on a priori knowledge of effects relating to said
difference.

41. A system according to any of embodiments 39 to 40, wherein, in determining the optimized set
of measurement locations, said processor is operable to minimize the number of measurement locations
while meeting requirements for said one or more models in terms of at least one performance indication.
42. A system according to embodiment 41, wherein said at least one performance indication
comprises one or more of: model uncertainty, noise suppression and uniformity.

43. A system according to any of embodiments 39 to 42, wherein the processor is operable to use
said one or more models and a measurement of at least one first structure to estimate a parameter value
for said parameter applicable to one of said second structures.

44. A system according to any of embodiments 32 to 43, wherein said first structures each comprise

periodic target structures.

45. A system according to embodiments 32 to 44, wherein said parameter is overlay.
46. A system according to any of embodiments 32 to 44, wherein said parameter is focus or dose.
47. A system according to any of embodiments 32 to 44, wherein said parameter is one of critical

dimension, side wall angle or edge placement error.
48. A system according to embodiments 32 to 47, wherein said optimized set of measurement
locations comprises fewer locations than said second plurality of locations.
49. A system according to any of embodiments 32 to 48, wherein said second structures comprise
product structures.
50. A system according to any of embodiments 32 to 49 further comprising:

a first metrology device operable to perform a first set of measurements of said first structures
to determine said first set of parameter values; and

a second metrology device operable to perform a second set of measurements of said second
structures to determine said second set of parameter values.
51. A system according to embodiment 50, wherein said first metrology device is a scatterometer-
based metrology device.
52. A system according to embodiment 50, wherein said first metrology device is an image-based
metrology device.
53. A system according to any of embodiments 50 to 52, wherein said second metrology device is
a scanning electron microscope.
54. A system according to any of embodiments 50 to 52, wherein said second metrology device is
an electron beam metrology device.
55. A system according to any of embodiments 50 to 54, wherein:
said first metrology device is further operable to perform subsequent measurements of first structures

on a processed substrate to obtain production first parameter values relating to said parameter;
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said second metrology device is further operable to perform subsequent measurements of second
structures on a processed substrate at locations determined by said optimized set of measurement
locations to obtain production second parameter values relating to said parameter; and
said processor is further operable to:

determine any deviation of said parameter from nominal;

control a process parameter of the lithographic process to minimize said deviation on

subsequent production substrates; and

use said production second parameter values to correct for any differences between said

production first parameter values and said production second parameter values.
56. A method according to embodiment 55, operable such that said first structures are measured
more frequently than said second structures
57. A method according to embodiment 55 or 56, wherein said using said production second
parameter values to correct for any differences between said production first parameter values and said
production second parameter values comprises determining a correction to be applied to measurements
of said first structures to compensate for said differences between said production first parameter values
and said production second parameter values.
[0053] Although specific reference may have been made above to the use of embodiments of the
invention in the context of optical lithography, it will be appreciated that the invention may be used in
other applications, for example imprint lithography, and where the context allows, is not limited to
optical lithography. In imprint lithography, a topography in a patterning device defines the pattern
created on a substrate. The topography of the patterning device may be pressed into a layer of resist
supplied to the substrate whereupon the resist is cured by applying electromagnetic radiation, heat,
pressure or a combination thereof. The patterning device is moved out of the resist leaving a pattern in
it after the resist is cured.
[0054] The terms “radiation” and “beam” used in relation to the lithographic apparatus encompass
all types of electromagnetic radiation, including ultraviolet (UV) radiation (e.g., having a wavelength
of or about 365, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g., having
a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or electron beams.
[0055] The term “lens”, where the context allows, may refer to any one or combination of various
types of optical components, including refractive, reflective, magnetic, electromagnetic and
electrostatic optical components.
[0056] The foregoing description of the specific embodiments will so fully reveal the general nature
of the invention that others can, by applying knowledge within the skill of the art, readily modify and/or
adapt for various applications such specific embodiments, without undue experimentation, without
departing from the general concept of the present invention. Therefore, such adaptations and
modifications are intended to be within the meaning and range of equivalents of the disclosed

embodiments, based on the teaching and guidance presented herein. It is to be understood that the
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phraseology or terminology herein is for the purpose of description by example, and not of limitation,
such that the terminology or phraseology of the present specification is to be interpreted by the skilled
artisan in light of the teachings and guidance.

[0057] The breadth and scope of the present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance with the following claims

and their equivalents.
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CLAIMS:

1. A method to determine an optimized set of measurement locations for measurement of a
parameter related to a structure applied to a substrate by a semiconductor manufacturing process, the
method comprising:

determining a first set of parameter values for the parameter from a first set of measurements
on first structures across a first plurality of locations;

determining a second set of parameter values from a second set of measurements on second
structures across a second plurality of locations;

determining a correlation between said first set of parameter values and said second set of
parameter values; and

using the correlation to determine the optimized set of measurement locations.

2. A method as claimed in claim 1, wherein the second set of parameter values comprise values

for said parameter.

3. A method as claimed in claim 2, wherein the step of determining a correlation comprises:
determining a difference between the first set of parameter values and said second set of parameter
values; and

determining one or more models to describe said difference over said substrate.

4. A method as claimed in claim 3, wherein said step of determining a difference comprises
determining a set of differences from corresponding pairs of values from said first set of parameter
values and said second set of parameter values, wherein each corresponding pair of values comprises
values from a pair of corresponding measurement locations from said first plurality of measurement

locations and second plurality of measurement locations respectively.

5. A method as claimed in claim 4, wherein displacement or variation of displacement between

the measurement locations of each pair of corresponding measurement locations is minimized.

6. A method as claimed in claim 3, wherein said step of determining one or more models

comprises determining at least an interfield model and an intrafield model.

7. A method as claimed in claim 3, wherein said step of determining the optimized set of
measurement locations comprises minimizing the number of measurement locations while meeting
requirements for said one or more models in terms of one or more of: model uncertainty, noise

suppression and uniformity.
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8. A method as claimed in claim 3, comprising using said one or more models and a measurement
of at least one first structure to estimate a parameter value for said parameter applicable to one of said

second structures.

9. A method as claimed in claim 1, wherein said second structures comprise product structures.

10. A method of controlling a lithographic process comprising:

obtaining an optimized set of measurement locations, determined using the method of claim 1;
measuring first structures on a processed substrate to obtain production first parameter values relating
to the parameter;

determining any deviation of said production first parameter from nominal;

controlling a process parameter of the lithographic process to minimize said deviation on subsequent
substrates;

measuring second structures on a processed substrate at locations determined by said optimized set of
measurement locations to obtain production second parameter values relating to said parameter; and
using said production second parameter values to correct for any differences between said production

first parameter values and said production second parameter values.

11. A method as claimed in claim 10, wherein said step of measuring first structures is performed

more frequently than said step of measuring second structures

12. A method as claimed in claim 10, wherein said step of using said production second parameter
values to correct for any differences between said production first parameter values and said production
second parameter values comprises determining a correction to be applied to measurements of said first
structures to compensate for said differences between said production first parameter values and said

production second parameter values.

13. A system comprising a processor operable to:

obtain a first set of parameter values for a parameter related to first structures applied to a
substrate by a lithographic process at a first plurality of locations;

obtain a second set of parameter values related to second structures applied to a substrate by a
lithographic process at a second plurality of locations;

determine a correlation between said first set of parameter values and said second set of
parameter values; and

use the determined correlation to determine an optimized set of measurement locations for

subsequent measurement of the parameter using said second measurement device.
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14. A system as claimed in claim 13 further comprising:

a first metrology device operable to perform a first set of measurements of said first structures
to determine said first set of parameter values; and

a second metrology device operable to perform a second set of measurements of said second

structures to determine said second set of parameter values.

15. A system as claimed in claim 14, wherein said first metrology device is a scatterometer-based

metrology device and said second metrology device is an electron beam metrology device.



WO 2018/086795 PCT/EP2017/074439

1/2
200
R—\l /
..... » | SCS S
230 / '“iLzesa A \
W 206j 1252

\ [' MEA  |5—202 . BAKE

- ANNEAL - ETC.

222—/ 224—/ 226—/

e P



PCT/EP2017/074439
2/2

WO 2018/086795

19

Fig. 2

Fig. 3

310

0

32

330

340

350

360




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/074439

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO3F7/20
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO3F GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20117170091 Al (CHANG ELLIS [US] ET AL) 1,2,9
14 July 2011 (2011-07-14)
paragraphs [0014], [0024]; figure 3
paragraph [0034]
Y WO 03/071471 Al (KLA TENCOR CORP [US]; 1-8,
ADEL MIKE [IL]; GHINOVKER MARK [IL]; 10-1
KASSEL ELYA) 28 August 2003 (2003-08-28)
page 29, lines 1-32; figure 5
Y WO 2013/092106 Al (ASML NETHERLANDS BV 1-8,
[NL]) 27 June 2013 (2013-06-27) 10-15
paragraphs [0002] - [0014]
paragraphs [0078] - [0081]; figure 8
Y US 20157170904 Al (TSEN YEN-DI [TW] ET AL) 6
18 June 2015 (2015-06-18)
abstract
- / -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

9 January 2018

Date of mailing of the international search report

18/01/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Miiller-Kirsch, Lutz

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/074439

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JOSEPH C. PELLEGRINI ET AL: "Supersparse
overlay sampling plans: an evaluation of
methods and algorithms for optimizing
overlay quality control and metrology tool
throughput",

SPIE - INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING. PROCEEDINGS,

vol. 3677, 14 June 1999 (1999-06-14), page
72, XP055383911,

Us

ISSN: 0277-786X, DOI: 10.1117/12.350780
ISBN: 978-1-5106-0753-8

abstract

1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/074439
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011170091 Al 14-07-2011 KR 20120125273 A 14-11-2012
W 201203416 A 16-01-2012
US 9170209 B1 27-10-2015
US 2011170091 Al 14-07-2011
WO 2011085255 A2 14-07-2011
W0 03071471 Al 28-08-2003 AU 2003213059 Al 09-09-2003
JP 2005518107 A 16-06-2005
US 2003223630 Al 04-12-2003
WO 03071471 Al 28-08-2003
WO 2013092106 Al 27-06-2013 KR 20140083055 A 03-07-2014
KR 20170018097 A 15-02-2017
US 2014354969 Al 04-12-2014
US 2017160073 Al 08-06-2017
WO 2013092106 Al 27-06-2013
US 2015170904 Al 18-06-2015  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

