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reflectometer 120 implementing a scanning pattern 128, according to some embodiments
of the invention.

[0019] Embodiments of the invention comprise an angle-resolved reflectometer 120
comprising a coherent light source 86 and an optical system 125 arranged to scan a target
pattern 82 using a spot 83 of coherent light from light source 86 to yield, at detector 87, a
plurality of realizations (i.e. pupil images) of the light distribution in the collected pupil.
In embodiments, differences between the realizations of the light distribution in the
collected pupil are a consequence of speckle and noise, which may be identified and
removed by comparing the realizations. Spot 83 covers a part of target pattern 82 and the
scanning is carried out according to a scanning pattern 128 (see below, Figure 3). The
scanning may be carried out mechanically, by moving target pattern 82 with respect to an
objective lens 89 of optical system 125 (e.g. by moving objective lens 89 with respect to
a wafer 80 having target 82 or by moving wafer 80 with respect to objective lens 89), or
the scanning may be carried out optically by changing the beam path of the illuminating
spot (see below). Reflectometer 120 further comprises a processing unit 130 arranged to
generate a composite image of the collected pupil distribution by combining the plurality
of realizations (i.e. pupil images) of the light distribution in the collected pupil. For
example, the collected pupil may be the pupil of objective lens 89.

[0020] In embodiments, reflectometer 120 focuses spatially coherent illumination on a
smaller spot than is achievable using spatially incoherent illumination. Angle-resolved
reflectometer 120 may be able, by utilizing spatially coherent illumination, to support
smaller test patterns compared with a reflectometer 120 using spatially incoherent
illumination. Coherent light source 86 may comprise a laser source that is capable of
generating bright spatially coherent illumination that provides sufficient illumination for
angle-resolved reflectometer 120. Such illumination avoids high levels of shot noise
which result from insufficient brightness of spatially incoherent light sources.

[0021] Figure 3 is a high level schematic diagram illustrating scanning patterns 128
having difference sizes and densities, according to some embodiments of the invention.
For example, to the left, Figure 3 illustrates a scanning pattern 128A which is relatively
dense and yields relatively low noise but takes the longest measurement time. To the

right, Figure 3 illustrates a scanning pattern 128C which is relatively sparse and small

K-FEE SYSTEM GMBH, EX2012, page 2291
NESPRESSO USA, INC. v. K-FEE SYSTEM GMBH
IPR2023-00485, U.S. PATENT 11,230,430



WO 2014/004564 PCT/US2013/047691

and yields relatively high noise yet takes the shortest measurement time. Scanning pattern
128B is intermediate between 128A and 128C with respect to its size, level of noise and
scanning duration.

[0022] In embodiments, the parameters of scanning pattern 128 and spot 83 may be
configured to optimize the measured parameters and reduce errors arising from
imperfections in test pattern features. Adjusting the parameters of scanning pattern 128
and spot 83 may be carried out before operation as a calibration procedure, or during
measurements as a dynamic measurement procedure.

[0023] The impact of such errors may be reduced by illuminating larger areas, with a
larger spot 83, of test pattern 82 and capturing the reflected light from this larger area. In
this way the impacts of imperfections in target 82 are reduced through averaging. While
using the spatially coherent illumination results in illuminating only relatively small spots
83 on test pattern 82, moving wafer 80 relative to the focused spot 83 allows a larger area
of test pattern 82 to be illuminated. The wafer scan may be carried out during the time it
takes for the system sensor to capture one image of the light distribution in the pupil or
successive images can be captured as different areas of the target are illuminated. When
successive images are captured, they can be combined to represent an average image of
the light distribution in the pupil. Translating wafer 80 to move spot 83 on target 82 is
one possible implementation. A similar implementation would consist of translating
objective lens 89 relative to target 82 and wafer 80 so that the focused spot 83 translates
on test pattern 82.

[0024] Figure 1 illustrates an embodiment in which the scanning is carried out optically
rather than mechanically (i.e. without physical relative movement of lens 89 and target
82). In this example, the optical scanning may be carried out by tilting a tiltable mirror
129 (as a non-limiting example of an optical scanning) in optical system 125, and thereby
reduce speckle error in the optical path, as explained in the following.

[0025] When a spatially coherent beam propagates through optical system 125, light
scattered by imperfections in the optical components propagates with the original beam
(from source 86) as additional coherent wavefronts. At a sensor plane (of detector 87),
the original beam interferes with the scattered wavefronts to generate speckle in the

image. A small change in the position or pointing of the original beam can change the
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relative positions and angles of scattered wavefronts sufficiently so that the resulting
speckle pattern is wholly or partially decorrelated with the original speckle pattern. This
same motion in the original beam may be sufficiently small that its character at the
imaging sensor is essentially unchanged. Without wishing to be bound by theory, when
many speckle patterns are generated within the acquisition time of imaging sensor 87, the
magnitude of the residual speckle in the image is reduced through the averaging of the
many decorrelated speckle patterns. It would also be possible to acquire a succession of
images each with a different beam orientation and decorrelated speckle pattern. These
successive images may be averaged with the resulting effect of reducing the magnitude of
the residual speckle in the image. Changing the position of the spatially coherent beam
over time and summing the resulting images has the general effect of decreasing the
spatial coherence of the image.

[0026] In embodiments, the position and angle of a spatially coherent beam may be
modified using scanning optical component 129 such as a piezo driven scan mirror,
resonant scanner, rotating polygon scanner, spinning holographic scanner or acousto-
optic deflector. System 120 may controllably scan the spatially coherent beam so that it
moves about a pupil plane, scan the beam so that it moves about a field plane or scan the
beam so that it moves about in both the pupil and field planes. In angle-resolved
reflectometer 120, it is critical to have a stable, low-noise beam distribution in the pupil
plane. For this reason, a motion that leaves the beam position essentially stationary in the
pupil plane and scans the beam position in the field plane is a preferred implementation.
[0027] Figure 4 is a high level schematic block diagram illustrating various parameters
and controlled variables of scanning angle-resolved reflectometer 120, according to some
embodiments of the invention. Figure 4 schematically illustrates coherent light source
86, detector 87 and objective lens 89 of reflectometer 125, as well as parameters and
characteristics associated with mechanical scanning 122 (relative translational movement
of objective lens 89 and wafer 80 with target 82) and optical scanning 127, as explained
below. Reflectometer 120 may comprise a control unit 140 arranged to control scanning
pattern 128 (as explained above and below) and control and coordinate mechanical and
optical scanning 122, 127 and the interrelation between them, as explained below.

Reflectometer 120 may comprise a processing unit 130 arranged to process images from
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detector 87, generate measurements and integrated images from the processed images and
further provide feedback to control unit 140 regarding different features of the images, as
these are taken and processed. As explained below, such feedback allow further noise
reduction by additional manipulation of wither or both mechanical and optical scanning
122, 127.

[0028] In embodiments, scanning target 82 may be carried out by synchronous optical
and wafer (mechanical) scanning to yield multiple realizations of the light distribution in
the collected pupil from a stationary spot position 83 on target 82. The realizations may
differ from each other in the speckle they possess, which may thus be removed.
Processing unit 130 may be further arranged to reduce speckle in the image using the
realizations of the light distribution in the collected pupil from a stationary spot position.
Scanning the beam through optical system 125 may be utilized to reduce the speckle in
the final pupil image by generating and averaging many decorrelated speckle images, but
at the same time focused spot 83 scans over a larger area of test pattern 82. This has the
potentially negative effect of requiring a larger test pattern 82 which consumes more
valuable area on wafer 80. By combining optical scanning 127 and wafer scan 122,
reflectometer 120 may be configured to reduce speckle in the image and spot 83 may be
kept stationary on test pattern 82 by precisely synchronizing wafer scan 122 and optical
scan 127 by control unit 140.

[0029] In embodiments, scanning target 82 may be carried out by controllably
asynchronous mechanical and optical scanning. Processing unit 130 may be further
arranged to reduce speckle in the image using optical scanning 127 and to reduce an error
introduced by test pattern imperfections using mechanical scanning 122. While optical
scans 127 and wafer scans 122 can be synchronized in angle-resolved reflectometer 120
to scan the spatially coherent beam through optics 125 and keep it stationary on test
pattern 82, the scans may also be intentionally desynchronized. Such controllable
desynchronization may be used to allow for the beam to be scanned through optics 125 to
reduce the magnitude of the speckle that is introduced in the image while also controlling
the size of the region of test pattern 82 that is illuminated to minimize the impact of test

pattern imperfections. The magnitude of optical scan 127 may be set to achieve the
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desired speckle reduction, and the magnitude of wafer scan 122 desynchronization may
be set to achieve the desired averaging over test pattern imperfections.

[0030] In embodiments, control unit 140 may be further arranged to determine scanning
pattern 128 by balancing a level of speckle reduction achieved by optical scanning 127
and a time consumed by mechanical scanning 122. In particular, scanning pattern 128
may be optimized to balance noise reduction and measurement time. For a given test
pattern 82, reflectometer 120 may be arranged to minimize the impacts of feature
imperfections by scanning over the largest possible area and the most possible points
within the area. Reflectometer 120 may also be arranged to achieve the greatest optical
speckle reduction by scanning the largest possible range within optical system 125 and by
scanning over the most possible points within the scan range. However, large and dense
scanning patterns 128A (e.g. Figure 3, to the left) that originate either from translating
wafer 80 or from optical scanning 127 (e.g. by optical component 129) may require a
relatively long time to execute. It is desirable for semiconductor metrology tools to take
as little time as possible to make measurements. Short measurement times increase a
tools wafer throughput and lowers its cost of ownership. A direct tradeoff exists between
scan range and density and measurement time.

[0031] In embodiments, reflectometer 120 may comprise dynamically programmed
scanning components for performing mechanical scanning 122 and optical scanning 127.
Control unit 140 may be arranged to control the dynamically programmed scanning
components to optimize noise, error and speckle reduction with operational parameters
such as measurement duration and accuracy.

[0032] Examples for dynamically programmable scanning components comprise wafer
stages and tilt mirrors. These may be dynamically programmed to set their scanning
ranges and patterns. This provides the option to modify a particular system’s balance
between noise reduction, via scan range and density, and measurement speed.
Reflectometer 120 may thus be configured for a short scan that produces lower precision
results but at a faster wafer throughput (e.g. akin to pattern 128C) and then be modified
for a long scan that produces higher precision results at a slower wafer throughput (e.g. as
illustrated by pattern 128A. Overall patterns 128A-C ranges of measurement precision

and measurement durations, which may be dynamically controlled by control unit 140.
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[0033] In embodiments, reflectometer 120 may implement and utilize programmed scan
patterns 128 for intelligent reduction of test pattern and optical noise. For example, there
may be instances in which particular areas of test pattern 82 introduce more measurement
noise than other areas. In embodiments, processing unit 130 of reflectometer 120 may be
arranged to identify high-noise regions of test pattern 82. In embodiments, control unit
140 of reflectometer 120 may be arranged to remove the identified high-noise regions
from scanning pattern 82. In another example, particular areas within optical scan pattern
128 might introduce more noise than other areas within the optical scan. In embodiments,
processing unit 130 of reflectometer 120 may be arranged to identify high-noise regions
in optical scan 127. In embodiments, control unit 140 of reflectometer 120 may be
arranged to avoid the identified high-noise regions during optical scanning 127.

[0034] In embodiments, reflectometer 120 may be arranged to identify these high-noise
regions of test pattern 82 and optical scan 127 during a training mode. Test scanning
pattern 128, mechanical scanning 122 and/or optical scans 127 may then be defined to
avoid these high-noise areas during actual measurements. This principle could be applied
to only wafer scan 122, only optical scan 127, or to a combination of wafer and optical
scans 122, 127.

[0035] In embodiments, scanning pattern 128 may further comprise a specified intensity
distribution as a function of scan positions. The specified intensity distribution may be
implemented in mechanical scanning 122 and/or optical scans 127. For example, the
specified intensity distribution may be symmetric but non-uniform, such as a Gaussian
distribution. The specified intensity distribution may comprise a shape function of
scanning pattern 128 (e.g. circular, rectangular etc.) and/or a profile function (e.g.
Gaussian or any other symmetric distribution) of scanning pattern 128. The intensity
distribution may be used to increase metrology accuracy, with or without relation to the
identification of high noise regions described above.

[0036] In embodiments, processing unit 130 may be further arranged to carry out the
generation of the composite image by applying a weighted average to the realizations of
the light distribution in the collected pupil, each realization reflecting a different optical
and/or mechanical scan position. The weighting may be determined according to the

specified intensity distribution of scanning pattern 128, for example the weighting may
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enhance any part of the intensity distribution. Hence, the individual metrology results
obtained per scan point may be combined into an analysis which, while not being a
simple intensity average over collection pupil configurations, yields a more accurate and
repeatable metrology result. The weighted average and the weighting parameters may be
selected to optimize the metrology results.

[0037] In embodiments, processing unit 130 may be further arranged to adapt the
weighting according to at least one metrology metric, such as metrology sensitivity to the
position of spot 83.

[0038] In embodiments, control unit 140 may be arranged to control or modify the
specified intensity distribution of scanning pattern 128 to identify or optimize the
intensity distribution (shape and function) to a specific test pattern 82, to specific
measurement stacks or according to metrology configurations. For example, different
intensity distributions may be applied in train mode and measurement results of
processing unit 130 may be compared to identify an optimal intensity distribution of spot
83.

[0039] Figure 5 is a high level schematic flowchart illustrating an angle-resolved
reflectometry method 200, according to some embodiments of the invention. Method 200
comprises scanning a target pattern using a spot of coherent light to yield a plurality of
realizations of a light distribution in a collected pupil (stage 210) and generating a
composite image of the collected pupil distribution by combining a plurality of collected
pupil images (stage 270). In embodiments, scanning 210 may comprise covering parts of
the target pattern with a coherent spot (stage 212) and/or scanning the target pattern
according to a scanning pattern (stage 214).

[0040] In embodiments, method 200 may comprise carrying out the scanning
mechanically (stage 220) e.g. by moving the objective lens with respect to the wafer
(stage 222) or by moving the wafer with respect to the objective lens (stage 224).

[0041] In embodiments, method 200 may comprise carrying out the scanning optically
(stage 230), e.g. by tilting a tiltable mirror in the optical path of the spot to scan the target
optically (stage 232).

[0042] In embodiments, method 200 may comprise synchronizing mechanical and optical

scanning to yield multiple realizations of the light distribution in the collected pupil from
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a stationary spot position on the target (stage 240) and reducing speckle in the image
using the realizations of the light distribution in the collected pupil from the stationary
spot positions (stage 242). Alternatively or complementarily, method 200 may comprise
controlling an asynchronous mechanical and optical scanning to reduce speckle as well as
an error introduced by test pattern imperfections (stage 245).

[0043] Generally, method 200 may comprise coordinating mechanical and optical
scanning of the target pattern (stage 250), e.g. by controlling dynamically programmed
scanning components which carry out the mechanical scanning and the optical scanning
(stage 252).

[0044] In embodiments, method 200 may comprise determining the scanning pattern by
balancing a level of speckle reduction achieved by the optical scanning and a time
consumed by the mechanical scanning (stage 255). In other embodiments, method 200
may comprise identifying high-noise regions of the test pattern (stage 260) and removing
the identified high-noise regions from the scanning pattern (stage 262), and/or identifying
high-noise regions in the optical scan (stage 265) and avoiding the identified high-noise
regions during the optical scanning (stage 267).

[0045] In embodiments, the spot of coherent light has a specified intensity distribution
and method 200 may further comprise carrying out the generation of the composite image
by applying a weighted average to the realizations of the light distribution in the collected
pupil (stage 280). The weighting may be determined according to the specified intensity
distribution of the scanning pattern (stage 285). In embodiments, method 200 may further
comprise adapting the weighting according to at least one metrology metric (stage 287).
In embodiments, method 200 may further comprise modifying the specified intensity
distribution and identifying an optimal intensity distribution with respect to measurement
parameters such as a specific test pattern or metrology configuration (stage 290).

[0046] Advantageously, reflectometers 120 and methods 200 may provide any of the
following multiple benefits: (i) Reflectometer 120 and method 200 may enable smaller
test patterns 82 because spatially coherent illumination may be focused to a smaller spot
than spatially incoherent illumination. (ii) Reflectometer 120 and method 200 may reduce
impacts of test pattern imperfections because scanning the wafer relative to the

illumination spot during the image acquisition reduces the impacts of test pattern
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imperfections through averaging. (iii) Reflectometer 120 and method 200 may reduce
impacts of optical noise because scanning the beam through the optics reduces the
impacts of speckle noise by averaging many decorrelated speckle views during the image
acquisition. (iv) Reflectometer 120 and method 200 may enable reduction of optical noise
on small test patterns because synchronizing wafer stage motion with optical scan motion
may allow the optical beam to be scanned through the optics for speckle reduction while
keeping the spot stationary on the small test pattern. (v) Reflectometer 120 and method
200 may enable the optimization of optical noise reduction and test pattern noise
reduction because desynchronizing wafer stage motion and optical scan motion may
allow any optical beam scan through the optics for speckle reduction and any spot scan
on the target for target noise reduction. (vi) Reflectometer 120 and method 200 may
enable optimization of noise reduction and measurement speed because the size and
density of the optical and wafer scans can be modified to tradeoff between noise
reduction and measurement speed. (vii) Reflectometer 120 and method 200 may enable
avoidance of high-noise region of test pattern and optics because the scanned areas of the
test pattern and optics may be defined to avoid regions which introduce high levels of
measurement noise. (viii) Reflectometer 120 and method 200 may maximize test pattern
noise reduction because incoherent illumination at the exit of a multimode fiber
uniformly illuminates the intended area of the test pattern.

[0047] These benefits may be achieved by various configurations of reflectometer 120
and method 200, which may incorporate any subgroup of features from those described
above. Embodiments of reflectometer 120 and method 200 may combine any of the
following features: (i) illumination of the sample with substantially spatially coherent
illumination; (ii) use of stage scanning during the acquisition of a measurement of a
single test pattern; (iii) use of optical scanning during the acquisition of a measurement of
a single test pattern; (iv) combination of stage scanning and optical scanning during the
acquisition of a measurement of a single test pattern; (v) stage scanning synchronized
with optical scanning so that the illumination spot is kept stationary on the test pattern
during the acquisition of the measurement from this test pattern; (vi) stage scanning
desynchronized in a controlled manner with optical scanning so that independent scan

patterns can be generated in the beam passing through the optics and in the spot motion
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on the test pattern during the acquisition of a measurement of a single test pattern; (vii) an
ability to adjust scan size and density for optimizing the tradeoff between measurement
noise and measurement time during the acquisition of the measurement of a single test
pattern; (viii) reduction of spatial coherence by scanning a laser spot at the entrance of a
multimode fiber.

[0048] Advantageously, reflectometers 120 and methods 200 overcome the following
limitations of current technologies.

[0049] Since wafers are expensive to process, as much of the wafer area as possible
needs to be reserved for functional circuitry. To this end, it is desirable to make test
patterns small so that they consume little wafer area. To avoid interaction between the
measurement light and wafer geometries surrounding the test pattern, the size of the
focused spot in an angle-resolved reflectometer must be even smaller than the test
pattern. The smallest possible spot can be formed by focusing a spatially coherent beam
of light. An angle-resolved reflectometer that focuses a spatially coherent beam onto the
test pattern has a potential competitive advantage over reflectometers that use less
spatially coherent light, in that the smaller focused spot can allow for smaller test patterns
and leave more wafer area available for functional circuitry.

[0050] When measurements of the test pattern are made with a small focused spot the
magnitude of these modifications to the light distribution can lead to significant errors or
noise in the measurement of the test pattern parameters. An angle-resolved reflectometer
that is capable of collecting information from as much of the test pattern as possible has a
competitive advantage in that the measurement error introduced by target imperfections
can be minimized through spatial averaging.

[0051] When a spatially coherent beam propagates through an optical system,
imperfections in the optical components scatter some fraction of the beam. This scattered
light propagates along with the primary beam and interferes with it to produce speckle.
In an optical metrology system, such as an angle-resolved reflectometer, information
regarding a test pattern is contained in the reflected intensity profile of the spatially
coherent beam. Speckle created by the optical system can modulate the beam intensity in
an unpredictable manner and result in errors in the subsequent measurement of test target

parameters.
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[0052] The disclosed reflectometers 120 and methods 200 are capable of minimizing the
size of the illuminated area on the wafer to support the smallest possible test patterns, as
well as illuminating as large of an area of the test pattern as necessary to minimize the
impacts of pattern imperfections, while concurrently minimizing the measurement errors
introduced by speckle generated in the optical system.

[0053] Advantageously, reflectometers 120 and methods 200 provide better solutions
than technologies related to stationary spatially incoherent illumination and stationary
spatially coherent illumination.

[0054] In stationary spatially incoherent illumination: The size of the spot of spatially
incoherent light that is focused onto the wafer can be defined by a field stop placed in the
illumination path of the optical system. By increasing the size of the field stop the area of
the test pattern that is illuminated can be increased and the impacts of target
imperfections can be reduced by effectively averaging the measurement over a larger areca
of the test pattern. Limitations to a configuration utilizing spatially incoherent
illumination arise when the size of the test pattern needs to be decreased. Decreasing the
size of the test pattern requires a reduction in the size of the illuminated spot as well.
This can be accomplished by reducing the size of the field stop, but this results in a
significant loss of light and an increase in spatial coherence. An angle-resolved
reflectometer that uses a spatially incoherent light source is thus light starved when
illuminating small test patterns. The loss of additional light at the field stop worsens the
situation and increases measurement errors due to shot noise. Increasing the spatial
coherence by decreasing the size of the field stop increases the impacts of speckle from
the optical system as well. An angle-resolved reflectometer with stationary spatially
incoherent illumination is hence not optimal for measuring small test patterns, because it
suffers from increasing shot noise and speckle as the illumination field stop is decreased
to support the smaller test patterns.

[0055] In stationary spatially coherent illumination: A spatially coherent beam can be
focused to a small spot on the wafer and this allows for the test pattern to be made small
as well. However, the small spot illuminates local imperfections in the test pattern and
does not reduce the impacts of these imperfections by averaging over a larger area of the

test pattern. Spatially coherent illumination also generates speckle in the optical system
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which adds noise to the test pattern measurements. An angle-resolved reflectometer with
stationary spatially coherent illumination can measure small test patterns, but cannot be
adjusted to increase the size of the illuminated patch to allow for averaging of test pattern
imperfections and suffers from speckle noise.

[0056] Hence, reflectometers 120 and methods 200 are superior to these two approaches.

[0057] In embodiments, method 200 may be used to implement spatial coherence
reduction in multimode fibers. For example, embodiments of the invention may comprise
scanning a face of a multimode fiber using a spot of coherent light to yield a signal
having reduced spatial coherence yield mix modes.

[0058] A large-core multimode fiber may be used to deliver spatially coherent light to the
measurement head. The multimode fiber acts like an extended object if different points
on the fiber face are uncorrelated. Ordinarily, a laser coupled into a multimode fiber only
excites a small subset of modes of the fiber. To achieve the desired decorrelation, the
laser may be arranged to excite all, or a broad distribution of, the modes of the fiber.
Randomness is not necessary for decorrelation. Decorrelation may be achieved by
exciting the modes sequentially on a time scale long compared to the coherence time.

Then the short correlation time is transferred to a short correlation length. Randomness
just adds noise. Unfortunately, fiber instability will always generate some randomness.

The point of adding additional randomness is that lots of randomness can be quieter than
a little randomness.

[0059] An approach for achieving this maybe to laterally scan the focused laser beam
across the fiber face, or to laterally scan the fiber face across the focused laser beam, in a
random or pseudo-random pattern. Such scanning is akin to scanning 128 that was
illustrated above and may likewise be carried out optically or mechanically. This scan
may be carried out e.g. using a fold mirror with a high speed tip-tilt actuator. If the scan
is sufficiently fast, the time-varying mode structure is averaged out over the integration
time of the detector, resulting in essentially an incoherent extended source. Another
approach for randomly mixing the modes would be to vibrate the multimode fiber using a
voice coil or other actuator.

[0060] When performing wafer metrology, accuracy, precision, and tool induced shift

(TIS) depend on the capacity to retrieve high fidelity spectroscopic or angular
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information from small metrology targets. Good metrology performance requires a
method for weeding out the induced diffractions from the apertures discussed above. The
present invention teaches extrapolating the diffraction-induced signal contamination that
reduces the performance of prior art measurements to a “no-diffraction” limit where the
metrology performance is clean of such diffraction effects.

[0061] Diffraction through apertures in a metrology system introduces errors which are
distinguishable in the measurement output. Embodiments of the invention compensate for
these errors computationally by deriving a functional dependency of at least a part of the
error on the aperture size. The functional dependency may be derived for different
measurement parameters, such as metrology results or measured intensities. The
derivation may be carried out before actual measurements or during the measurements
(on the fly). The functional dependency may be used to calibrate the measurement system
for a large set of aperture size combinations with respect to multiple apertures in the
system.

[0062] Disclosed methods also provide the margin of error of the measurement induced
by the diffraction related signal contamination. As illustrated in Figure 6, various
apertures in metrology optical system 90 may induce diffraction errors.

[0063] Diffraction effects may cause a degradation of metrology performances such as
accuracy and may also cause a degradation of precision due to an enhanced sensitivity to
focus and radiation spot alignment errors. The ideas disclosed herein comprise of
collecting signals from a multitude of aperture sizes, and using the information
collectively to extrapolate the data to a “no-diffraction limit” where the metrology
performance is clean of the contaminating interference effects.

[0064] This idea is illustrated schematically in Figure 7, illustrating a generic
dependency of some measurable variable termed “Quantity™” on an aperture size of one
of an aperture in system 90, e.g. the smallest aperture. The measured raw quantity is
denoted by Quantity™ and the aperture size is denoted by L. L, Ly, L3, ..., L, denote
the values that L. obtains in measurement no. 1,2,3,...n. The no-diffraction limit is
obtained at L=c0 where Quantity™" = Quantity'®” and a goal of the disclosed methods is

to extrapolate the data collected for Quantity™ at L=L,, L, L3, ..., L, to L=, to obtain
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deal which can be used to correct Quantity™ measured at a given

an estimate for Quantit
aperture size.

[0065] Because the metrology error effects induced by diffractions may behave in a
fluctuating manner as a function of L, the system and method may perform a train mode
to choose the values of L for which the function Quantity™ (L) is smooth and from which
the extrapolation to Lo can be done.

[0066] Such dependencies of measured variables on aperture sizes may be measured with
respect to different apertures in system 90 to create a multiple dimensional correction
matrix referring to some or all apertures in system 90. The relevant apertures for analysis
may be selected according to their sizes, or according to their influence on the resulting
diffraction error. For example, a first approximation may comprise compensating for
diffraction effects caused by the smallest aperture. In case of two similar smallest
apertures, the correction matrix may be two dimensional.

[0067] The “Quantity” which is extrapolated to its L—oo limit and that is plotted on the
y-axis may be one or more of various possible measurement parameters, such as per-pixel
intensity or a derived intensity (like the differential signal in scatterometry overlay), or
the ultimate metrology outcome (like the CD of a layer, or the overlay between two
layers as schematically demonstrated e.g. in Figure 10A below). Performing the
extrapolation(s) provides an estimate for the error margin in the metrology. For example,
one may perform the extrapolations by two or more extrapolation techniques (e.g.
different forms for the extrapolating function, different intervals in L used in the
interpolation) and compare the results. The difference between the results can serve as a
good estimate for the error margin in the metrology. Embodiments of the invention may
use any of several instruments, such as e.g. a wheel with a number of apertures, an
adjustable iris type of aperture or electro-optical devices like an SLM (spatial light
modulator) to determine and modify different aperture sizes (values of L — L;).

[0068] This idea is illustrated in more detail in an example given in Figure 10A, being a
schematic diagram illustrating an example for the way the inaccuracy in a scatterometry
overlay measurement may depend on the size of the collection field stop, according to
some embodiments of the invention. Figure 10A demonstrates the way an overlay

measurement depends on the collection field stop size for certain collection field stop
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sizes L (ranging ca. 4-23 pm) that have been chosen judicially to avoid the diffraction-
induced metrology error fluctuations discussed above. These results were obtained in
simulations of an overlay target measured with overlay scatterometry. The simulation
results were calculated for a very large overlay target printed on a resist wafer. The true
overlay of the simulated stack equals 16nm and the deviation from 16nm is a result of a
misalignment error of the illumination with respect to the overlay scaterometry target.
[0069] Figure 8 is a high level schematic flowchart illustrating a method 300 of
algorithmically eliminating diffraction from optical metrology, according to some
embodiments of the invention.

[0070] Method 300 comprises estimating, quantitatively, a functional dependency of at
least one measurement parameter on a size of at least one aperture in a metrology system
(stage 310); identifying at least one diffraction component of the functional dependency
which relates to the size of the at least one aperture (stage 320); and deriving, from the at
least one identified diffraction component, at least one correction term for the at least one
measurement parameter with respect to measurement conditions (stage 330). The
measurement conditions comprises specified sizes of the at least one aperture that
generate a diffraction error in the at least one measurement parameter. The measurement
conditions may further comprise additional parameters such as illumination wavelengths
and illumination source properties (e.g. spot alignment). Method 300 further comprises
compensating, computationally, for the diffraction error by applying the derived
correction term(s) to the at least one measurement parameter (stage 340). Thus, method
300 corrects measurement parameters by computationally removing diffraction errors due
to aperture sizes (stage 342).

[0071] In embodiments, at least one of estimating 310, identifying 320, deriving 330 and
compensating 340 may be carried out by at least one computer processor 105. In
embodiments, a computer program product comprising a computer readable storage
medium having computer readable program embodied therewith is disclosed, The
computer readable program is configured to carry out at least one of stages 310, 320, 330
and 140 of method 300, as well as any other stages of method 300.

[0072] In embodiments, method 300 may further comprise selecting aperture sizes that
yield a smooth functional dependency (stage 311). The aperture sizes may be selected to
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yield a functional dependency that enables identification 320 and derivation 330. In
embodiments, the appropriate aperture sizes may be selected by going through different
aperture sizes in a train mode.

[0073] In embodiments, estimating 310 may be carried out by fitting a curve to the
measurements (stage 312) according to theoretical or analytical considerations or
simulation results. Identification 320 may then be carried out by using the fitted curves to
identify the diffraction component(s) (stage 322) — e.g. as terms in a series describing the
fitted curve.

[0074] In embodiments, method 300 may comprise using at least one metrology result as
the at least one measurement parameter comprises at least one metrology result (stage
314), c.g. the at least one metrology result may comprise any of an overlay measurement,
a critical dimension (CD) measurement, a focus measurement, a dose measurement, side-
all angle calculations, a film thickness measurement, etc.

[0075] In embodiments, method 300 may comprise integrating estimating 310 and
identifying 320 in a metrology measurement process (stage 325) to continuously monitor
and if necessary update the correction term(s) according to measurements carried out in
the fly.

[0076] In embodiments, estimating 310 and identifying 320 may be carried out prior to a
metrology measurement process and be used to calibrate the metrology system (stage
324). In embodiments, method 300 may further comprise refining the correction by
reiterating the error estimation (stage 345), e.g. by calibrating metrology measurements
according to the derived correction term, as explained below. In embodiments, method
300 may comprise deriving a second order correction term by reiterating any of
estimating 310, identifying 320 and deriving 330 after a first order compensating 340.
[0077] Figure 9 is a high level schematic block diagram illustrating a metrology system
100, according to some embodiments of the invention.

[0078] Metrology system 100 is arranged to compensate computationally for a diffraction
error associated with a size of at least one aperture 95 in metrology system 100 by
applying one or more correction terms 130 to at least one measurement parameter 112,
114. The measurement parameters may comprise either metrology measurement results

112 such as the critical dimension (CD) of a layer or an overlay between two layers
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and/or other measurement parameters 114 such as a per-pixel intensity or a derived
intensity (like the differential signal in scatterometry overlay). Correction term(s) 130
may be derived by estimating, quantitatively, a functional dependency (e.g. Figures 7,
10A) of the measurement parameter(s) on the size of aperture 95 and identifying at least
one diffraction component of the functional dependency which relates to the size of
aperture 95. Metrology system 100 may comprise a controller 110 (e.g. having at least
one computer processor 105) arranged to carry out the estimating and the identifying (e.g.
by controlling aperture size and measuring parameters) on the fly and/or arranged to,
calibrate metrology system 100 according to the identifying at least one diffraction
component of the functional dependency. The actual manipulation of aperture size may
be carried out by any aperture size determining instrument 115 such as e.g. a wheel with
a number of apertures, an adjustable iris type of aperture, or electro-optical devices like
an SLM.

[0079] In embodiments, the estimation of the functional dependency may be carried out
with respect to a selected plurality of aperture sizes which yield such functional
dependency that enables the identification and the derivation (e.g. by being a smooth
function).

[0080] In embodiments, correction terms 130 for several apertures may be calculated
dependently or independently to create a multiple dimensional correction matrix referring
to some or all apertures in system 100.

[0081] In embodiments, system 100 may be further arranged to refine the computational
compensation by using the functional dependency to derive a second order correction
term and adjust the at least one measurement parameter accordingly. In embodiments,
system 100 may be arranged to reiterate the correction process to compensate for
different errors to sequentially refine the results and reduce the measurement errors.
[0082] In embodiments, estimation (stage 210) may comprise fitting a curve (based e.g.
on theoretical, analytical or simulation results) for the functional dependency of
Quantity™" on the aperture size L as L—c. The fitting parameters may then be used to
calculate Quantity'®®, For example, if the function dependency is expressed (Equation
(1)): Quantity™ (L) = A + Correction(L), where Correction(L) = B/LY+C/L%+D/L%

+...,where 0<q;<q2<qs<.., then the ultimate metrology result would be A because
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Quantity'®®'=  Quantity™(L>w)=A. In that case, compensating (stage 240) may
comprise simply replacing the metrology measurements Quantity™ (L) by the fit
parameter “A”, thereby extrapolating Quantity™" (L) to its L-> “no-diffractions” limit.

This procedure requires the measurement of Quantity™”

(L) at least for two values of L,
which are judicially chosen as explained above (Figure 7).

[0083] In cases where the function Correction(L), and equivalently, the coefficients B, C,
D, ..., exhibit an approximate universal dependency on the system parameters (which
means they depend much more strongly on the wavelength, polarization, illumination
profile, etc., than on the wafer metrology like the overlay and the deviation of the CD
from the nominal CD), the following estimation procedure may be used.

[0084] One would first determine the function Correction(L), or equivalently the
coefficients B, C, D, ..., which define it. These coefficients may be accurately fixed in
train mode (by using a large multitude of L-values, and by an increased light
level/measurement time). This fixes the functional dependency of Quantity™ (L) on L
and allows one to correct Quantity™”(L) on-the-fly and to arrive at an accurate estimate
of Quantity'®®, by using one measurement of Quantity™ (L) at a single value of L. For
example, if one performs a train measurement and finds that to a good approximation, C,
D, ..., are all negligible, but that B is a non-negligible function of tool-only parameters
then one may correct for the metrology outcome by replacing it, at a given value of L, in
the following way (Equation (2)): Metrology outcome = Quantity®"(L) = Metrology
outcome = Quantity™¥(L) — B/L%!. That is, the systems and methods may identify non-
negligible terms of the correction function and their type of dependency on the system
parameters, and correct measurements only by these non-negligible terms, in respect of
their dependencies on system parameters.

[0085] It is noted in passing that the afore-mentioned assumption on the universal
behavior of the function “Correction(L)” is a very reasonable one and is supported by
simulations (see below) as the metrology outcome affects the diffractions very weakly
(such as the overlay or the deviation of the CD value from the nominal CD). For example
the overlay enters into the diffraction effect in a functional form which depends on the
combination 2m-overlay/Pitch. As the pitch is around 600nm, the error induced by this

dependency is in the order of a few percent.
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[0086] Advantageously, the current invention improves measurement accuracy by
suppressing the aperture induced diffraction effects. In addition to establishing
Quantity'®, it provides a way of calculating the margin of error (Quantity™ -

Quantity' %),

since that is one of the outcomes of the fitting procedures done in
measurement or in train mode. This provides a quantitative confidence in the
measurements.

[0087] Figure 10A is a schematic diagram illustrating an example for the way the
inaccuracy in a scatterometry overlay measurement may depend on the size of the
collection field stop, according to some embodiments of the invention. Figure 10A is
used in the following as a detailed non-limiting example of the way the current invention
may be applied to overlay metrology. In this illustrated case, the “Quantity” is the overlay
reported by overlay scatterometry, the “L’s” are the collection field stop sizes, and the
error in the overlay estimation is due to a misalignment between the illumination spot and
the grating structure that is being measured.

[0088] Figure 10B is a schematic diagram illustrating an example for the way the
inaccuracy in a scatterometry overlay measurement depends on the size of the collection
field stop for two different values of the true overlay, according to some embodiments of
the invention. As Figure 10B clearly shows, this error decreases to zero when L increases
(the simulated overlay was chosen to be 16nm in this example, as illustrated in Figure
10A). The values of L chosen for the plot were chosen according to the description
above. Figure 10B also clearly demonstrates that the dependence of the inaccuracy on
the metrology parameters (the overlay in the current example) is negligible as the
‘universality’ assumption stated above declares.

[0089] In the current example, implementing method 300 may comprise the following
stages. First, stage 312 comprises fitting the data in Figure 10A: A very good fit is found
to a function of the form: OVL(L) = A + 18.885/L", which describes the simulation data
well for p = 2.0 and A = 16.027. The final metrology overlay results are then the value
OVL(L>x) = A = 16.027. This would lead to an overlay error inaccuracy of 0.027nm
(recalling that the true overlay used in these exemplary simulations is 16nm). Stage 314

comprises using the calculated inaccuracy to correct the measurements.
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[0090] Advantageously, the fit can also be done from the lower two stop size values of
L=4.15pm and L=7.25um only. In such case the value of A becomes 16.215, leading to
an inaccuracy estimation of 0.215nm (using L=7.25 pm alone gives an inaccuracy of
around ~0.5nm and the result of L=4.15um gives an inaccuracy of around ~1.1nm).
[0091] Another way of implementing method 300 is to consider the fit discussed above
as a calibration to the way overlay values depend on the collection field stop size. To
demonstrate this fact. Figure 10B further shows how the overlay inaccuracy behaves for
two overlay targets, whose overlay values equal Onm and 16nm. As clearly illustrated by
Figure 10B, the inaccuracy depends only very weakly on the true overlay of the stack, as
argued above. This opens the way to perform the following type of second order
calibration (stage 324), namely (i) using the calibration formula obtained by fitting the
overlay data (in the example above this formula is OVL(L) = 16.027 + 18.885/L?), and
then (ii) applying the formula to a new overlay measurement in the following way (the
new overlay meausrement are denoted by OVL’(L)). First, the new overlay measurement
OVL’(L) is replaced by a corrected measurement: OVL’(L) = OVL’(corrected, L) =
OVL’(L) — 18.885/L%.

[0092] Figure 11A is a schematic diagram illustrating an example for the way the
correction method using a first type of calibration reduces the overlay measurement error,
according to some embodiments of the invention. Figure 11A illustrates the
improvement achieved by applying the second order approximation as described above.
In the illustrated example, the resulting error reduction by the calibration is presented for
a case where the true overlay =0. Note that this involves a single measurement at a single
value of L.

[0093] Clearly, the uncalibrated results lead to significant overlay errors, especially for
small collection field stop sizes, while the calibrated results reduce these errors
significantly. Note that these errors can also cause precision degradation if the root cause
for the inaccuracy (spot misalignment in the current example) fluctuates in time.

[0094] Figure 11B is a schematic diagram illustrating an example for the way the
correction method using a second type of calibration reduces the overlay measurement
error, according to some embodiments of the invention. The second type of calibration is

carried out in the following manner. First, the overlay measurements that were used for
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calibration are denoted by by OVL(L;0). For example, these may be the measurements
which were fitted to OVL(L;0) = A + Correction(L), where A = 16.027, and
Correction(L)=18.885/L%. At this point, the best estimate for the true overlay in this
calibration measurement is 16.027nm. In this second type of calibration, the fact that the
diffraction effects on the two overlay measurements depend very weakly on the actual
value of the overlay, is used to correct the new overlay measurement. The new overlay
measurement is denoted by OVL(L;1) as follows: OVL(L;1) > OVL(L;1,corrected) =
OVL(L;1) + OVL(L;0)-A. As illustrated in Figure 11B, the second type of calibration is
preferable, in this example, to the first type of calibration as it yields more stable
corrections with respect to a varying stop size.

[0095] It is noted in passing that in both calibration methods presented above, it is
important that the measurement conditions do not changed significantly from the
calibration measurement to the actual measurement. This includes the light properties
(wave-length, polarization, alignment of system with respect to target, focus, etc.). In
case it cannot be assured that the measurement conditions are the same, additional
calibrations may be needed to calibrate and compensate for the differences. For example,
if an overlay scatterometry system is misaligned along the x-axis by an amount d with
respect to a large overlay target, then the overlay measurement, OVL, should be
formulated as a two dimensional function which depends on the collection field stop size,
L and on d: OVL(L,d). Since at L> o, the decentering causes zero inaccuracy the
function may be expressed as OVL(L,d) = A+ f(d) - g(L), with g(L=>)=0.

[0096] In the two dimensional case, the calibration process may be divided into the
following steps. First, d may be fixed at a dy and OVL(L, dy) is fitted to obtain A. The
Correction(d,L) is defined as Correction(d,L) = OVL(L,d) - A, and the
Correction(dy,L)=f(dg) - g(L) is obtained. Then, the Correction(dy,L) is divided by
Correction (do,Lo) to obtain a numerical estimate for the ratio r(L)= g(L)/g(Lo).

[0097] These steps are then repeated for various values of d; =d,;, ds, ds, dg4, etc. to obtain
Corrections (d;, L) and, by dividing these results as explained above - Correction(d;,L) /
Correction(d;,Li), the numerical estimates for function r{d) = f(d)/ f(do) are formed.
Combining the above steps and the measurement of the overlay at =L, and d=dy, which

provides Correction(Lg,dp), the numerical estimate for OVL(L,d) can be expressed as
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OVL(L,d) = A + Correction(Lo,dg) - (L) - rg(d). As a result, for any new overlay
measurement OVL(L, d) performed at some values of L and d, the correction would be
OVL(L,d) = OVL(L,d, corrected) = OVL(L,d) — Correction(do,Lo) - rg(L) - rd(d).

[0098] Method 300 may thus further comprise calibrating the correction term with
respect to at least one difference between derivation conditions (of metrology system 100
during the derivation) and measurement conditions (stage 332). The at least one
difference may relate, for example, to the wavelength or polarization of the measurement
beam, to alignment of system 100 with respect to a target, to focus parameters, etc.

[0099] In embodiments, method 300 further comprises carrying out calibration 332 by
expressing the functional dependency as relating to the at least one difference (stage 334)
and deriving the correction term with further respect to a range of values of the at least
one difference (stage 336).

[00100] Respectively, in embodiments, metrology system 100 may be further arranged
to calibrate the correction term with respect to at least one difference between derivation
conditions and measurement conditions, wherein the at least one difference relates to at
least one of: wavelength, polarization, alignment with respect to a target, and focus.
Metrology system 100 may be arranged to carry out the calibration by expressing the
functional dependency as relating to the at least one difference and deriving the
correction term with further respect to a range of values of the at least one difference.
[00101] In the above description, an embodiment is an example or implementation of the
invention. The various appearances of "one embodiment”, "an embodiment" or "some
embodiments"” do not necessarily all refer to the same embodiments.

[00102] 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.

[00103] Embodiments of the invention may include features from different embodiments
disclosed above, and 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 used in the specific embodiment alone.
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[00104] 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 embodiments
other than the ones outlined in the description above.

[00105] 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.

[00106] 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.

[00107] 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.
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CLAIMS

‘What is claimed is:

1. An angle-resolved reflectometer comprising:

a coherent light source;

an optical system arranged to scan a target pattern using a spot of coherent light
from the light source to yield a plurality of realizations of a light distribution in a
collected pupil, wherein the spot covers a part of the target pattern and the scanning is
carried out according to a scanning pattern; and

a processing unit arranged to generate a composite image of the collected pupil
distribution by combining the plurality of realizations of the light distribution in the
collected pupil.

2. The angle-resolved reflectometer of claim 1, wherein the scanning is carried out
mechanically by moving an objective lens of the optical system and the target pattern
relative to each other.

3. The angle-resolved reflectometer of claim 2, wherein the scanning is carried out by
moving an objective lens of the optical system with respect to the target pattern.

4. The angle-resolved reflectometer of claim 2, wherein the scanning is carried out by
moving the target pattern with respect to an objective lens of the optical system.

5. The angle-resolved reflectometer of claim 1, wherein the scanning is carried out
optically.

6. The angle-resolved reflectometer of 5, wherein the optical scanning is carried out by a
tiltable mirror in the optical system.

7. The angle-resolved reflectometer of claim 1, wherein:

the scanning is carried out by synchronous mechanical and optical scanning to
yield a plurality of realizations of the light distribution in the collected pupil from a
stationary spot position on the target; and

the processing unit is further arranged to reduce speckle in the image using the
realizations of the light distribution in the collected pupil from the stationary spot

position.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The angle-resolved reflectometer of claim 1, wherein the scanning is carried out by
controllably asynchronous mechanical and optical scanning and the processing unit is
further arranged to reduce speckle in the image using the optical scanning and to
reduce an error introduced by test pattern imperfections using the mechanical
scanning.

The angle-resolved reflectometer of claim 1, further comprising a control unit
arranged to control the scanning.

The angle-resolved reflectometer of claim 9, further comprising a control unit
arranged to coordinate mechanical and optical scanning of the target pattern.

The angle-resolved reflectometer of claim 10, wherein the control unit is further
arranged to determine the scanning pattern by balancing a level of speckle reduction
achieved by the optical scanning and a time consumed by the mechanical scanning.
The angle-resolved reflectometer of claim 10, wherein the mechanical scanning and
the optical scanning are carried out by respective dynamically programmed scanning
components which are controlled by the control unit.

The angle-resolved reflectometer of claim 10, wherein the processing unit is further
arranged to identify high-noise regions of the test pattern.

The angle-resolved reflectometer of claim 13, wherein the control unit is arranged to
remove the identified high-noise regions from the scanning pattern.

The angle-resolved reflectometer of claim 10, wherein the processing unit is further
arranged to identify high-noise regions in the optical scan.

The angle-resolved reflectometer of claim 15, wherein the control unit is arranged to
avoid the identified high-noise regions during the optical scanning.

The angle-resolved reflectometer of claim 1, wherein the scanning pattern comprises
a specified intensity distribution which is symmetric and non-uniform.

The angle-resolved reflectometer of claim 17, wherein the processing unit is further
arranged to carry out the generation of the composite image by applying a weighted
average to the realizations of the light distribution in the collected pupil, wherein the
weighting is determined according to the specified intensity distribution of the

scanning pattern.
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19. The angle-resolved reflectometer of claim 18, wherein the processing unit is further
arranged to adapt the weighting according to at least one metrology metric.

20. The angle-resolved reflectometer of claim 17, wherein the control unit is further
arranged to modify the specified intensity distribution and identify an optimal
intensity distribution with respect to a specific test pattern or metrology configuration.

21. An angle-resolved reflectometry method comprising:

scanning a target pattern using a spot of coherent light to yield a plurality of
realizations of a light distribution in a collected pupil, wherein the spot covers a part
of the target pattern and the scanning is carried out according to a scanning pattern;
and

generating a composite image of the collected pupil distribution by combining the
plurality of realizations of the light distribution in the collected pupil.

22. The angle-resolved reflectometry method of claim 21, wherein the scanning is carried
out mechanically by moving an objective lens and the target pattern relative to each
other.

23. The angle-resolved reflectometry method of claim 22, wherein the scanning is carried
out by moving a wafer with the target pattern.

24. The angle-resolved reflectometry method of claim 22, wherein the scanning is carried
out by moving the objective lens.

25. The angle-resolved reflectometry method of claim 21, wherein the scanning is carried
out optically.

26. The angle-resolved reflectometry method of claim 21, wherein:

the scanning comprises synchronous mechanical and optical scanning to yield a
plurality of realizations of the light distribution in the collected pupil from a
stationary spot position on the target; and

the method further comprises reducing speckle in the image using the realizations
of the light distribution in the collected pupil from the stationary spot position.

27. The angle-resolved reflectometry method of claim 21, wherein the scanning
comprises controllable asynchronous mechanical and optical scanning and the

method further comprises reducing speckle in the image using the optical scanning
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28.

29.

30.

31.

32.

33.

34.

3s.

and reducing an error introduced by test pattern imperfections using the mechanical
scanning,
The angle-resolved reflectometry method of claim 21, further comprising
coordinating mechanical and optical scanning of the target pattern.
The angle-resolved reflectometry method of claim 28, further comprising determining
the scanning pattern by balancing a level of speckle reduction achieved by the optical
scanning and a time consumed by the mechanical scanning.
The angle-resolved reflectometry method of claim 28, further comprising controlling
dynamically programmed scanning components which carry out the mechanical
scanning and the optical scanning.
The angle-resolved reflectometry method of claim 28, further comprising identifying
high-noise regions of the test pattern and removing the identified high-noise regions
from the scanning pattern.
The angle-resolved reflectometry method of claim 28, further comprising identifying
high-noise regions in the optical scan and avoiding the identified high-noise regions
during the optical scanning.
The angle-resolved reflectometry method of claim 21, wherein the scanning pattern
comprises a specified intensity distribution and the method further comprising
carrying out the generation of the composite image by applying a weighted average to
the realizations of the light distribution in the collected pupil, wherein the weighting
is determined according to the specified intensity distribution of the scanning pattern.
The angle-resolved reflectometry method of claim 33, further comprising adapting
the weighting according to at least one metrology metric.
A method comprising

estimating, quantitatively, a functional dependency of at least one measurement

parameter on a size of at least one aperture in a metrology system,;

identifying at least one diffraction component of the functional dependency

which relates to the size of the at least one aperture;

deriving, from the at least one identified diffraction component, a correction

term for the at least one measurement parameter with respect to measurement
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conditions, the measurement conditions comprising specified sizes of the at least one
aperture that generate a diffraction error in the at least one measurement parameter;

and

compensating, computationally, for the diffraction error by applying the derived

correction term to the at least one measurement parameter,

wherein at least one of the estimating, the identifying, the deriving and the

compensating is carried out by at least one computer processor.

36. The method of claim 35, further comprising selecting a plurality of aperture sizes for
carrying out the quantitative estimation of the functional dependency, wherein the
aperture sizes are selected to yield such functional dependency that enables the
identification and the derivation.

37. The method of claim 35, further comprising calibrating metrology measurements
according to the derived correction term.

38. The method of claim 37, further comprising reiterating the calibration to refine the
correction term.

39. The method of claim 35, further comprising deriving a second order correction term
by reiterating the estimating and the identifying after the compensating,

40. The method of claim 35, wherein the estimating the functional dependency is carried
out by curve fitting and the identification is carried out with respect to curve
parameters.

41. The method of claim 35, wherein the at least one measurement parameter comprises
at least one metrology result.

42. The method of claim 41, wherein the at least one metrology result comprises at least
one of: an overlay measurement, a critical dimension measurement, a focus
measurement, a dose measurement, side-all angle calculations, and a film thickness
measurement.

43. The method of claim 35, further comprising calibrating the correction term with
respect to at least one difference between derivation conditions and measurement

conditions.
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44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

The method of claim 43, wherein the at least one difference relates to at least one of:
wavelength, polarization, alignment with respect to a target, and focus.

The method of claim 43, wherein the calibrating is carried out by expressing the
functional dependency as relating to the at least one difference and deriving the
correction term with further respect to a range of values of the at least one difference.
The method of claim 35, wherein the estimating and the identifying are integrated in a
metrology measurement process.

The method of claim 35, wherein the estimating and the identifying are carried out
prior to a metrology measurement process and are used to calibrate the metrology
system.

A metrology system arranged to compensate computationally for a diffraction error
associated with a size of at least one aperture in the metrology system by applying a
correction term to at least one measurement parameter, wherein the correction term is
derived by estimating, quantitatively, a functional dependency of the at least one
measurement parameter on the size of the at least one aperture and identifying at least
one diffraction component of the functional dependency which relates to the size of
the at least one aperture.

The metrology system of claim 48, wherein the estimation of the functional
dependency is carried out with respect to a selected plurality of aperture sizes which
yield such functional dependency that enables the identification and the derivation.
The metrology system of claim 48, further comprising a controller arranged to carry
out the estimating and the identifying on the fly.

The metrology system of claim 50, wherein the controller is arranged to estimate the
functional dependency by curve fitting and to identify the at least one diffraction
component with respect to curve parameters.

The metrology system of claim 50, wherein the controller is arranged to control
aperture size by an aperture size determining instrument.

The metrology system of claim 48, calibrated according to the identifying at least

one diffraction component of the functional dependency.
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54.

55.

56.

57.

The metrology system of claim 48, further arranged to refine the computational
compensation by using the functional dependency to derive a second order correction
term and adjust the at least one measurement parameter accordingly.

The metrology system of claim 48, further arranged to calibrate the correction term
with respect to at least one difference between derivation conditions and
measurement conditions, wherein the at least one difference relates to at least one of:
wavelength, polarization, alignment with respect to a target, and focus.

The metrology system of claim 55, arranged to carry out the calibrating by expressing
the functional dependency as relating to the at least one difference and deriving the
correction term with further respect to a range of values of the at least one difference.
A computer program product comprising a computer readable storage medium having
computer readable program embodied therewith, the computer readable program
comprising:

computer readable program configured to estimate, quantitatively, a functional

dependency of at least one measurement parameter on a size of at least one aperture in

a metrology system,;

computer readable program configured to identify at least one diffraction
component of the functional dependency which relates to the size of the at least one

aperture;

computer readable program configured to derive, from the at least one identified
diffraction component, a correction term for the at least one measurement parameter
with respect to measurement conditions, the measurement conditions comprising
specified sizes of the at least one aperture that generate a diffraction error in the at

least one measurement parameter; and

computer readable program configured to compensate, computationally, for the
diffraction error by applying the derived correction term to the at least one

measurement parameter.
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58. The computer program product of claim 57, wherein estimating the functional
dependency is carried out by curve fitting and the identification is carried out with
respect to curve parameters.

59. The computer program product of claim 57, further comprising computer readable
program configured to refine the computational compensation by using the functional
dependency to derive a second order correction term and adjust the at least one
measurement parameter accordingly.

60. The metrology system of claim 57, further comprising computer readable program
configured to calibrate the correction term with respect to at least one difference
between derivation conditions and measurement conditions, wherein the at least one
difference relates to at least one of: wavelength, polarization, alignment with respect
to a target, and focus, the computer readable program further configured to carry out
the calibrating by expressing the functional dependency as relating to the at least one
difference and deriving the correction term with further respect to a range of values of

the at least one difference.
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(57) Abstract

The invention relates to a closed flexible sachet (11) in the form of an individual portion provided for extraction under pressure,
containg ground roast coffee (41), consisting of two identical flexible sheets or of a single folded flexible sheet of circular, oval or polygonal
shape, creating a space for the coffee between the two sheets or between the two faces of the folded sheet (11), and the two sheets or the
two faces of the folded sheet are welded over their periphery (20, 44) so that the said sachet is substantially symmetrical with respect to its
welding plane, and the sachet is opened through the effect only of the rise in pressure which takes place upon injection of the extraction
fluid, in which the two flexible sheets or the two faces of the folded sheet extend over one side of the said sachet beyond their welding
line so as to provide, between the said sheets or between the two faces of the folded sheet, a channel (15) which allows the arrival of the
extraction fluid, the said channel being substantially perpendicular to the welding line (44) on which it emerges.
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Closed flexible sachet

The invention relates to a closed flexible
sachet in the form of an individual portion provided
for extraction under pressure, containing at least one
pulverulent substance for the preparation of a beverage
chosen from ground roast coffee, tea, instant coffee, a
mixture of instant coffee and ground coffee, a
chocolate-type product or any other dehydrated edible
substance, consisting of two identical flexible sheets
or of a single folded flexible sheet of circular, oval
or polygonal shape, creating a space for the
pulverulent substance between the two sheets or between
the two faces of the folded sheet, and the two sheets
or the two faces of the folded sheet are welded over
their periphery so that the said sachet is
substantially symmetrical with respect to its welding
plane, the material used £for the flexible sheets is
impermeable to oxygen and to water vapour in order to
preserve it, and the sachet 1is opened through the
effect only of the rise in pressure which takes place
upon injection of the extraction fluid.

Patent WO 94/01344 already relates to a closed
flexible sachet provided for extraction under pressure.
With this sachet, at the time of extraction, one of the
flexible sheets is perforated so as to allow the
arrival of the extraction watexr. The drawback of
perforating the sheet is that firstly it is necessary
to guarantee the seal over the entire periphery of the
sachet and, secondly, if the coffee in the sachet is
not compacted, it is not always guaranteed that the
said sachet will be perforated.

The object of the present invention is to
develop a closed sachet provided for extraction under
pressure, in which it is unnecessary to guarantee the
seal over the entire periphery of the sachet at the
time of extraction and which makes it possible to avoid
perforating one of the two flexible sheets.

The present invention relates ¢to a closed

flexible sachet in the form of an individual portion
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provided for extraction under pressure, according to
the preamble of Claim 1, and in which the two flexible
sheets or the two faces of the folded sheet extend over
one side of the said sachet beyond their welding line
so as to provide, between the said sheets or between
the two faces of the folded sheet, a channel which
allows the arrival of the extraction £fluid, the said
channel being substantially perpendicular to the
welding line on which it emerges.

The presence of the channel between the two
flexible sheets or between the two faces of the folded
sheet makes it possible to insert therein a needle or
any other sharp element allowing the extraction water
to be supplied without perforating or tearing one of
the flexible sheets; It is unnecessary for the needle
or the sharp element to enter into the channel: it is
also possible to envisage the arrival of the extraction
water precisely at the entry of the said channel. 1In
one or other alternative, the important thing is that,
in the sachet according to the invention, the said
sachet 1is not opened by inserting the needle or the
sharp element to the extent of breaking the weld which
closes the said sachet, but it is the pressurized water
which initiates and completely opens the said weld of
the sachet in order to allow the extraction liquid to
enter. The water pressure is normally between 1 and 7
bar, i.e., in order to break the weld, a minimum
pressure of water 1is required which allows the said
weld to be opened up.

The method and the device which are used for
the extraction of sachets according to the invention
may advantageously be of the type which partially forms
the subject of EP Patent Application Nos. 92107548 and
92112364. “Partially” is understood to mean that the
device is used not for the arrival of the water but for
the exit of the coffee. The lower face of the sachet is
opened by localized ruptures after 1its deformation
against the non-perforating and non-cutting raised and

hollowed-out elements present on the lower face of the
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device through the effect only of the rise in pressure
which takes place upon injection of the extraction
fluid.

The sachet according to the invention may be of
square, rectangular, oval and other shapes. If the
sachet is of rectangular shape, it has a width of
approximately 2 to 15 cm, preferably of the order of 4-
6 cm, and a length of from 6 to 20 cm. Depending on the
size of the sachet, it is possible to envisage the
extraction of a single cup or of several cups, for
example of two cups. Once filled, the sachet has a
thickness, at its centre, which is preferably between 5
and 20 mm. The measured amount of pulverulent substance
contained may vary between 5 and 50 g, according to its
use. The coffee 4is normally in the sachet in non-
compacted form, which makes the said sachet relatively
soft. It is, however, also possible to package
compacted coffee. The depth of the arrival channel for
the extraction fluid is normally from 3 to 10 mm and
the diameter of this channel is also between 3 and 10
mm. The weld which closes the sachet normally has a
depth of the order of 1 to 3 mm.

In oxder to accommodate the coffee on the
flexible sheets or the folded flexible sheet, the
sheets are moulded either by means of compression in a
die/piston assembly, or by means of pressurization of
the inner faces by a gas and/or suction of the outer
faces. In both cases, the mould has the desired relief.

The sheets or the folded sheet may be made from
flexible material such as aluminium with a thickness of
from 5 to 40 microns or from plastic such as PET.

Preferably, the sheets will consist of a
flexible, multi-layer material which is suitable for
welding using customary methods whilst at the same time
forming sufficient protection for the product against
oxygen and water vapour. The following combination of
materials is recommended:
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- outer layer: PET (normal, woven or non-woven), PE,
PP, PA, PS or paper;

- high-grade barrier central layer; aluminium with a

5 thickness of between 5 and 20 microns, EVOH, PVDC,
PET oxr PVA;

- inner layer: plastic, preferably PE or PP or OPP
with welding lacquer. The seal is normally
achieved at a temperature of between 180 and

10 250¢°C.

It is possible to envisage the following multi-
layer combinations: PET-EVOH-PE or PET-aluminium-PE.
The use of biodegradable or water-soluble material is
also possible as a single layer or in combination with

15 other material.

The sachet according to the invention is
manufactured in the conventional manner by means of
deformation by wmoulding or by drawing of the two
flexible sheets or of the folded flexible sheet which

20 are impermeable to oxygen and to water vapour, by
measuring the amount of pulverulent substance onto one
of the flexible sheets and by welding the two sheets or
the two faces of the folded sheet over their periphery.

The manufacturing operations are carried out under the

25 protection of a stream of oxygen-free inert gas, for
example under nitrogen or under CO,.

The major advantage of the sachet according to
the invention is that it allows the arrival of the
extraction water via a small opening in the weld

30 between the two flexible sheets or between the two
faces of the folded sheet. In this context, it is
possible to envisage several solutions. The channel
between the two flexible sheets or between the two
faces of the folded sheet may, in one version, emerge

35 directly on the welding line and the extraction fluid
then has a single path via which to arrive at the
sachet. By contrast, if it is desired to improve the
distribution of the flow into the bed of coffee,

provision can be made for an arrival channel which is
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subdivided, after the welding line of the two flexible
sheets or of the two faces of the folded sheet, into at
least two channels emerging at different points in the
sachet: for example, in the case of a sachet for a
single cup, two arrival channels are envisaged, and, in
the case of a sachet for two cups, four arrival
channels are envisaged.

In the sachet-extraction device, it is a sharp
element which is engaged into the water-arrival
channel. So as to guarantee satisfactory insertion of
the said sharp element into the channel, provision is
made on each flexible sheet or on each face of the
folded sheet for a break at the location of the said
channel, allowing ;eparation of the said flexible
sheets or of the said faces of the folded sheet at the
moment the extraction device is pricked. In another
embodiment, it is also possible to envisage offsetting
the two faces of the folded sheet at the location of
the channel. As already mentioned above, it is not
obligatory for the sharp element to engage in the
channel.

According to another embodiment of the sachet
according to the invention, a tube, which is either
adhesively bonded, or crimped or laid in position is
placed in the extension of the channel. The advantage
of this tube is that it facilitates the insertion of
the sharp element.

At the moment of extraction of the sachet
according to the invention, it is held in the
extraction cavity and this guarantees satisfactory
performance of the weld of the two flexible sheets.
This performance is not guaranteed only at the location
of the arrival channel for the extraction fluid, so
that the pressure of the said £fluid breaks the weld at
this point, and only at this point, so as to allow the
extraction water to enter into the sachet through this
channel or the channels.

As already mentioned above, the sachet

according to the invention needs a satisfactory seal
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viz a viz the extraction fluid only at the location of
the arrival channel. The conseguence of this is that it
facilitates the design of the extraction machine and
therefore the latter’s cost.

The remainder of the description is made with
reference to the drawings, in which:

Fig. 1 is a plan view of a blank for
manufacturing a sachet according to the invention;

Fig. 2 is a plan view of a blank in a second
embodiment;

Fig. 3 1is a diagrammatic plan view of the
sachet during extraction;

Fig. 4 is a plan view of the sachet in a third
embodiment ;

Fig. 5 is a plan view of the sachet in a fourth
embodiment ;

Fig. 6 is a plan view of the sachet in a fifth
embodiment;

Fig. 7 is a plan view of the sachet in a sixth
embodiment; and

Fig. 8 is a plan view of the sachet in a
seventh embodiment.

The blank (1) is a multi-layer flexible sheet
based on aluminium, polyethylene and polypropylene,
having a thickness of the order of 40 microns and which
is foldable along the 1line (4). This sheet is
thermoformed so as to create in it two cavities (2, 3)
which make it possible to receive the ground roast
coffee (40) therein. The flexible sheet is then folded
along the line (4) and the two faces of the sheet are
welded along the hatched lines (5, 42). This welding
provides a channel (6) between the two faces, allowing
the insertion of the sharp element for sachet
extraction. In the case of Figure 1, there is a channel
(6) emerging directly onto the bed of coffee. At the
moment of use of the sachet, the water arrives via the
said channel and the pressure of this water makes it
possible to break the seal (45). To facilitate the
insertion of the said sharp element, provision is made
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for breaks (7, 8) én the two faces of the flexible
sheet (1), which makes it possible, when the edge is
pinched in the extraction device, satisfactorily to
open up the opening of the channel (6). In the case of
5 the figure, there is a sachet, for two cups, which has
a width of 4.5 cm and a length of 9 cm in the case of
each cavity (2, 3). The border (10) of the sachet which
goes beyond the weld (42) has a width of from 2 to
4 cm.

10 In the case of Figure 2, there is a sheet (11)
based on the same composite as for Figure 1, the said
sheet being foldable along the line (12). It includes
cavities (13, 14) for the ground roast coffee (41). The
sheet is then folded over and welded along the hatched
15 zones (20, 44) and a channel (15) is made in it which
is subdivided into two channels (18, 19), allowing the
water for extraction to arrive at two different points
in the bed of coffee. When the water arrives, it breaks
the weld in the zone (46) and thus allows sachet
20 extraction. The breaks (16, 17) permit satisfactory
opening of the channel (15) at the moment of
extraction. The border (43) which goes beyond the weld

(44) has a width of from 2 to 4 cm.
Figure 3 shows a sachet (20) of more oval
25 shape, with its measured amount of coffee (21). The
weld also appears in the form of hatched zones (22).
The welding zone (23) forms the separation between the
channel (24) and the bed of coffee (21). The sharp
element (25) is displaced between its guides (26) from
30 a set-back position to a position of engagement in the
channel (24). It is from this moment onwards that the
extraction fluid arrives at a pressure of between 1 and
3 bar and breaks the weld (23). The pressure in the
sachet increases and the lower face of the said sachet
35 presses against raised and hollowed-out elements which
are diagrammatically represented at (27), until the
said face tears at the locations of the said raised and
hollowed-out elements so as to allow the coffee to flow

into the cup placed beneath the extraction device.
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Figure 4, finally, shows a sachet (30) which
has a measured amount of coffee (31) with a weld (32),
the weld (33) forming the separation between the
measured amount of coffee and the channel (31) for the
arrival of the extraction fluid. In this channel,
provision is made for a tube (34), allowing
satisfactory insertion of the sharp element.

Figure 5 shows a sachet (47) obtained from a
folded-over sheet, which gives two faces (56, 57). This
sachet is provided for a single cup of coffee with one
measured amount of coffee (49). The weld appears in the
form of hatched zones (50, 51). The welding zone (52)
forms the separation between the channel (53) and the
bed of coffee (49). After the weld (52), the channel
(53) is subdivided into two channels (54, 55), so that
the water satisfactorily wmoistens the coffee at two
different locations. At the moment of extraction of the
sachet (47), the offset of the two sheets (56, 57)
allows satisfactory opening-up of the channel (53) to
permit satisfactory posgitioning of the water-arrival
channel on the said channel (53). The extraction fluid
arrives at a pressure of between 1 and 4 bar and breaks
the weld (52). The water then flows into the sachet and
the pressure 1in the sachet increases, and the lower
face of the said sachet presses against raised and
hollowed-out elements represented diagrammatically at
(58) until the said face tears at the locations of the
said raised and hollowed-out elements so as to allow
the coffee to flow into the cup placed Dbeneath the
extraction device.

Figure 6 shows a sachet (48) which wmakes it
possible to prepare two cups of coffee with a measured
amount of coffee (69) and a measured amount (70). The
weld appears in the form of hatched zones (61, 62, 63).
The welding zone (72) forms the separation between the
channel (71) and the bed of coffee (69). After the weld
(72), the channel (71) is subdivided into three
channels: the two channels (64, 65) firstly allowing

the extraction water to progress onto the bed of coffee
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(69) and, secondly, a third channel (66) allowing the
water to progress towards the second bed of coffee
(70) . This channel (66) is then itself subdivided into
two channels (67, 68). At the moment the sachet is
used, the extraction fluid arrives via the channel (71)
at a pressure of between 1 and 4 bar and breaks the
weld (72). The pressure in the sachet increases and the
lower face of the said sachet presses against the
raised and hollowed-out elements represented
diagrammatically at (59, 60) until the said face tears
at the locations of the said raised and hollowed-out
elements so as to allow the coffee to flow into the two
cups placed beneath the extraction device.

Figure 7 shows a sachet (73) obtained from a
folded-over sheet giving two faces (74, 75). This
sachet is provided for two cups of coffee with measured
amounts of coffee (99, 100). The weld appears in the
form of hatched zones (76, 77, 78). The welding zone
(81) forms the separation between the channel (86) and
the beds of coffee (99, 100). After the weld (81), the
channel (86) subdivides into four channels: two
channels (82, 83) for the bed of coffee (99) and two
channels (84, 85) for the bed of coffee (100). At the
moment of extraction of the sachet (73), the offset of
the two sheets (74, 75) allows satisfactory opening-up
of the channel (86) to allow satisfactory positioning
of the water-arrival channel on the said channel (86).
The extraction fluid arrives at a pressure of between 1
and 4 bar and breaks the weld (81). The water then
flows into the sachet and the pressure in the sachet
increases and the lower face of the saild sachet presses
against the raised and hollowed-out elements
represented diagrammatically at (79, 80) until the said
face tears at the locations of the said raised and
hollowed-out elements so as to allow the coffee to flow
into the two cups placed beneath the extraction device.

Figure 8 shows a sachet (87) which makes it
possible to prepare two cups of coffee with one

measured amount of coffee (101). The weld appears in
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the form of hatched zones (88, 89, 90, 91). The welding
zone (92) forms the separation between the channel (93)
and the bed of coffee (101). After the weld (92), the
channel (93) subdivides into three channels: the first
5 two (94, 95) lead directly to the bed of coffee (101),
and the third (96) conveys the water towards the bottom
of the sachet. At the bottom of the sachet, it
subdivides again into two channels (97, 98). In this
embodiment, the water arrives at four points on the bed
lO. of coffee, which allows satisfactory moistening of the
said coffee and satisfactory extraction from the
sachet.
It is well understood that the sachet according
to the invention may be manufactured either from two
15 flexible sheets or from a single folded flexible sheet.
The advantage of this second solution 1is that it
dispenses with one welding zone and thus reduces the
risks of a defective sgeal in the sachet according to

the invention.

20
Explanation of the abbreviations:
PVDC = polyvinylidene chloride
EVOH = copolymer of ethylene and vinyl alcohol
25 PP = polypropylene
PE = polyethylene
PET = polyester
PA = polyamide
PS = polystyrene
30 OPP = oriented polypropylene
PVA = polyvinylacetate
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Claims

1. Closed flexible sachet in the form of an
individual portion provided for extraction under
pressure, containing at least one pulverulent substance
for the preparation of a beverage chosen from ground
roast coffee, tea, instant coffee, a mixture of instant
coffee and ground coffee, a chocolate-type product or
any other dehydrated edible substance, consisting of
two identical flexible sheets or of a single folded
flexible sheet of circular, oval or polygonal shape,
creating a space for the pulverulent substance between
the two sheets or between the two faces of the folded
sheet, and the two ~sheets or the two faces of the
folded sheet are welded over their periphery so that
the said sachet 1is substantially symmetrical with
respect to its welding plane, the material used for the
flexible sheets is impermeable to oxygen and to water
vapour in order to preserve it, and the sachet is
opened through the effect only of the rise in pressure
which takes place upon injection of the extraction
fluid, characterized in that the two flexible sheets or
the two faces of the folded sheet extend over one side
of the said sachet beyond their welding line so as to
provide, between the said sheets or between the two
faces of the folded sheet, a channel which allows the
arrival of the extraction fluid, the said channel being
substantially perpendicular to the welding line on
which it emerges.

2. Sachet according to Claim 1, characterized in
that the material for the flexible sheets or for the
folded sheet is chosen from aluminium, PET, PE, PP, PA,
PS, paper, EVOH, PVDC and PVA, the said sheets being
single-layer or multi-layer sheets.

3. Sachet according to one of Claims 1 or 2,
characterized in that the channel emerges directly on
the welding line.
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4. Sachet according to one of Claims 1 or 2,
characterized in that the channel is subdivided after
the welding line into at least two channels emerging at
5 different points of the sachet.
5. Sachet according to one of Claims 1 to 4,
characterized in that, in the extension of the channel,
each flexible sheet or each face of the folded sheet
comprises a break allowing a separation of the said

10 flexible sheets.

6. Sachet according to one of Claims 1 to 4,
characterized in that, in the extension of the channel,
each sheet is offset to allow a separation of the said
flexible sheets. .

15 7. Sachet according to Claim 1, characterized in
that the channel comprises a tube which is adhesively
bonded, crimped or laid in position.

8. Sachet according to one of Claims 1 to 7,
characterized in that the weld of the two flexible

20 sheets or of the folded sheet is such that it opens
under an injection-fluid pressure of between 1 and 7
bar.
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4. | Opposition against European Patent Number EP3521210; dated October
7,2020

5. | Opposition against European Patent Number EP3521210; dated January
8, 2020.

6. | Submission for EP Patent No. 3023362, dated January 7, 2021, In
response to the Provisional Opinion.

7. | Submission for European Patent Number EP3023362, dated March 26,
2021.

8. | Submission for European Patent Number EP3023362, dated March 26,
2021, In response to the Provisional Opinion

9. | Submission for European Patent No. EP3023362, dated April 27, 2021.

10.| Submission for European Patent No. EP3521207, dated March 15, 2021.

11.| Submission for European Patent Number EP3521207, dated October 21,
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19.| Convenience First: Espresso Pods and Capsules, January 20009.
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20.| ESPRESSO EN CAPSULE, March 2021.
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24.| Key Science Chemistry, toughness and Brittleness

25.

26. Annex illustrating the handling of a double patenting issue

27.| Opposition Request against European Patent No. EP 2525692B1; dated
July 29, 2015.

28. Strateglc Innovatlon 1999
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29. LE MARCHE DU CAFE EN CAPSULES EXPLOSEET INQUIETE
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34.| IS THERE A SERIOUS PROBLEM WITH COFFEE
CAPSULES?

v Oy
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35.| FRESHNESS INDICES OF ROASTED COFFEE

36.

37.
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38.| THERMO-MECHANICAL PROCESSING OF METALLIC
MATERIALS
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39.| PACKAGING: SPECIFICATIONS
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40.| IMPROVING TRACEABILITY IN FOOD PROCESSING AND
DISTRIBUTION
httgs://books.google.ch/books?id=v75QAWAAQBAJ& go=PA2
09&dg=barcodetink+gackaging+food&hl=fr&sa=X&ved=2ah
UKEwiQ2Jj VvKjvAhUDIMUKHU3gDPYQ6AEWBHOECAYQA
g#v=oneQage& g=barcode%20ink%20gackaging%20food&f=false

41.| FOOD PACKAGING
https://books.google.ch/books?id=NFRR6GayR74C&pe=PA2
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450
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| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
17/383,951 07/23/2021 Marc KRUGER 1859.029USC10 6871
25215 o790 12/10/2021 | EXAMINER |
The Dobrusin Law Firm P.C.
29 W. Lawrence Street JENNISON, BRIAN W
Suite 210
Pontiac, MI 48342 | ART UNIT | PAPER NUMBER I
s
3761
| NOTIFICATION DATE | DELIVERY MODE |
12/10/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

dobrusin_PAIR @firsttofile.com
patmail@patentco.com
rmasquelier @patentco.com
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Application No. Applicant(s)
17/383,951 KRUGER, Marc
. P . i AlA (First | t P
Applicant-Initiated Interview Summary E)F({T:,\]n\f\,r G:it to Fi(le;rSta?:: i e
JENNISON 3761 | No Toft

BRIAN W JENNISON Primary Examiner Telephonic
PAUL PALINSKI Attorney

Date of Interview: 06 December 2021

Issues Discussed:

35U.8.C. 112

It was suggested to amend the insertion shaft limitation in the independent claims. It was also suggested
to cancel claims 22-23.

/BRIAN W JENNISON/
Primary Examiner, Art Unit 3761

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this
interview summary form, whichever is later, to file a statement of the substance of the interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20211207

K-FEE SYSTEM GMBH, EX2012, page 2381
NESPRESSO USA, INC. v. K-FEE SYSTEM GMBH
IPR2023-00485, U.S. PATENT 11,230,430



gmmens  UNITED STATES PATENT AND TRADEMARK OFFICE

70

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
25215 7590 12/20/2021
The Dobrusin Law Firm P.C. JENNISON, BRIAN W
29 W. Lawrence Street
Suite 210 | ART UNIT PAPER NUMBER |
Pontiac, MI 48342 3761
DATE MAILED: 12/20/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
17/383,951 07/23/2021 Marc KRUGER 1859.029USC10 6871

TITLE OF INVENTION: PORTION CAPSULE HAVING AN IDENTIFIER

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 03/21/2022

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

I11. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

25215 7590 12/20/2021 Certificate of Mailing or Transmission
The Dobrusin Law Firm P.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
29 W. Lawrence Street addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 210 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Pontiac, MI 48342 (Typed or printed name)
5

(Signature)
(Date)
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/383,951 07/23/2021 Marc KRUGER 1859.029USC10 6871

TITLE OF INVENTION: PORTION CAPSULE HAVING AN IDENTIFIER

I APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 03/21/2022
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
JENNISON, BRIAN W 3761 426-115000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2

, e , , L 2 registered patent attorneys or agents. If no name is
(] "Fee Address" indication (or "Pee Address" Indication form PTO/ listed, no name will be printed.

ATA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

5%}

Please check the appropriate assignee category or categories (will not be printed on the patent) : () Individual (1 Corporation or other private group entity () Government

4a. Fees submitted: [Jissue Fee [JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web [d Enclosed check [d Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

| Applicant certifying micro entity status. See 37 CFR 1.29
| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
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f A‘“_\ N UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
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WWW.USpLo.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
17/383,951 0772372021 Marc KRUGER 1859.029USC10 6871
| EXAMINER |
25215 7590 12/20/2021
The Dobrusin Law Firm P.C. JENNISON, BRIAN W
29 W. Lawrence Street
Suite 210 | ART UNIT PAPER NUMBER |
Pontiac, MI 48342 3761

DATE MAILED: 12/20/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
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Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
AMENDMENT UNDER 37 CFR 1.312
In response to the Notice of Allowance mailed December 20 2021, Applicant wishes to
bring to the attention of the Examiner the following amendments to Claims 21, 29, and

32. No new matter has been added. Entry of these amendments is respectfully

requested.

K-FEE SYSTEM GMBH, EX2012, page 2435
NESPRESSO USA, INC. v. K-FEE SYSTEM GMBH
IPR2023-00485, U.S. PATENT 11,230,430



Filed Via EFS @ USPTO. Gov on December 20, 2021
Docket No: 1859.029USC10 / KRU0022-WO-US-T11

AMENDMENTS TO THE CLAIMS

1) — 20) (Cancelled)

21)  (Currently Amended) A beverage system for making a beverage, comprising:

A) a single-serve capsule comprising:

ii)

B)

)

a base element with a cavity, in which a beverage material is provided,
the base element being symmetrical about a central longitudinal axis

thereof and having a rounded bottom portion;

a flange extending outwardly from the base element, the flange

comprising a top side and an opposing bottom side;

a cover fastened to the top side of the flange, the cover is bowed outwardly
in a central region of the cover relative to a peripheral region of the cover,
the cover includes a region configured to be pierced at a location that is

offset from the central longitudinal axis;

a barrier layer to prevent moisture or aroma from escaping out of the

single-serve capsule; and

an identifier, which includes a repeat pattern, provided on the bottom side

of the flange;

a beverage machine comprising:

a sensor/detector;
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i) areceptacle configured to receive the single-serve capsule;

i) apump controlled to supply water into the single-serve capsule only upon
detection of the identifier by the sensor/detector and a determination by
the beverage machine that the single-serve capsule is suitable for use with

the beverage machine;

iv) achamfered mandrel that is configured to pierce the cover at the location

that is offset from the central longitudinal axis;

v) agroove that is laterally offset from the chamfered mandrel; and

vi) asealthatis at least partially seated in the groove and configured to bear
against the-a top side of the cover in a region between the-a peripheral
edge of the cover and the region of the cover that is pierced by the

chamfered mandrel.

22) (Cancelled)

23) (Cancelled)

24) (Previously Presented) The beverage system according to claim 21, wherein
the beverage machine comprises a waste container for the single-serve capsule to fall

into.
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25) (Previously Presented) The beverage system according to claim 24, wherein
the beverage machine comprises a pair of holding arms for guiding the single-serve

capsule.

26) (Previously Presented) The beverage system according to claim 21, wherein
the base element comprises a side wall that includes a plurality of indentations arranged

about the central longitudinal axis.

27) (Previously Presented) The beverage system according to claim 26, wherein
the cavity is defined by an inside wall, which includes a ledge at an upper region thereof,

the ledge projects from the inside wall towards the central longitudinal axis.

28) (Previously Presented) The beverage system according to claim 26, wherein

the identifier is located on the side wall.

29) (Currently Amended) A beverage system for making a beverage, comprising:

A) a single-serve capsule comprising:

i) a base element with a cavity, in which a beverage material is
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provided, the base element being symmetrical about a central

longitudinal axis and having a rounded bottom portion;

i) a flange extending outwardly from the base element, the flange

comprising a top side and an opposing bottom side;

iii) a cover that is fastened to the top side of the flange, the cover is
bowed outwardly in a central region of the cover relative to a
peripheral region of the cover, the cover includes a region configured

to be pierced at a location offset from the central longitudinal axis;

iv)  abarrier layer to prevent moisture or aroma from escaping out of the

single-serve capsule; and

v) anidentifier, which includes arepeat pattern, provided on the bottom
side of the flange;

B) a beverage machine comprising:

)  a sensor/detector;

i)  areceptacle configured to receive the single-serve capsule;

iii)  apump controlled to supply water into the single-serve capsule only
upon detection of the identifier with the sensor/detector and
determination by the beverage machine that the detected identifier

agrees with a stored reference;

iv) a chamfered mandrel that is configured to pierce the cover at the
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location offset from the central longitudinal axis;

v) a pair of holding arms for guiding the single-serve capsule;

vi)  awaste container for the single-serve capsule to fall into;

vii)  a groove that is laterally offset from the chamfered mandrel; and

viii)  aseal that is at least partially seated in the groove and configured to
bear against the-a {op side of the cover in a region between the-a
peripheral edge of the cover and the region of the cover that is

pierced by the chamfered mandrel.

30) (Previously Presented) The beverage system according to claim 29, wherein
the base element comprises a side wall, which includes a plurality of indentations, and

the identifier is located on the side wall.

31) (Previously Presented) The beverage system according to claim 30, wherein
the cavity is defined by an inside wall, which includes a ledge at an upper region thereof,

the ledge projects from the inside wall towards the central longitudinal axis.

32) (Currently Amended) A beverage system for making a beverage, comprising:

A) a single-serve capsule comprising:
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i) a base element with a cavity, in which a beverage material is
provided, the base element being symmetrical about a central

longitudinal axis;

i)  aninside wall defining the cavity, which includes a ledge at an upper
region thereof, the ledge projects from the inside wall towards the

central longitudinal axis

iii)  arounded bottom portion;

iv) a flange extending outwardly from the base element, the flange

comprising a top side and an opposing bottom side;

v) a cover that is fastened to the top side of the flange, the cover is
bowed outwardly in a central region of the cover relative to a
peripheral region of the cover, the cover includes a region configured

to be pierced at a location offset from the central longitudinal axis;

vi)  a barrier layer to prevent moisture or aroma from escaping out of the

single-serve capsule;

vii)  a side wall comprising a plurality of indentations arranged about the

central longitudinal axis;

viii)  an identifier, which includes a repeat pattern, provided on the bottom

side of the flange;

B) a beverage machine comprising:
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)  asensor/detector,;

i) areceptacle configured to receive the single-serve capsule;

iii) apump controlled to supply water into the single-serve capsule only
upon detection of the identifier with the sensor/detector and a
determination by the beverage machine that the single-serve

capsule is suitable for use with the beverage machine;

iv) a chamfered mandrel that is configured to pierce the cover in the

location offset from the central longitudinal axis

v) a pair of holding arms for guiding the single-serve capsule;

vi)  awaste container for the single-serve capsule to fall into;

vii)  agroove that is laterally offset from the chamfered mandrel; and

viii)  a seal at least partially seated in the groove and configured to seal
against the tep-a side of the cover in a region between a peripheral
edge of the flange and the region of the cover that is pierced by the

mandrel.

33) (Previously Presented) The beverage system according to claim 32, wherein

the base element is made of a biodegradable material.
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34) (Previously Presented) The beverage system according to claim 32, wherein

the base element is deep drawn.

35) (Previously Presented) The beverage system according to claim 32, wherein a

ratio of a diameter of the side wall to a diameter of the flange is between 0.85 and 0.89.
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REMARKS

By way of the foregoing amendments and the markings to show changes, claims
21, 29, and 32 are amended. No new matter has been added. The claims as allowed are
believed to be clear; however, in an abundance of caution, the foregoing claim
amendments are submitted to further clarify the claims. These claim amendments do not
change the scope of the as allowed claims. The claim amendments are believed to be
proper under 37 CFR 1.312. The foregoing amendments are taken in the interest of
expediting prosecution and there is no intention of surrendering any range of equivalents

to which Applicant would otherwise be entitled in view of the prior art.
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CONCLUSIONS

In view of these amendments and remarks, Applicant believes this application is
prepared for issuance. Applicant respectfully requests that a patent be issued as soon
as possible. Should the Examiner have any questions, or wish to further discuss this
application, Applicant requests that the Examiner contact the undersigned at (248) 292-
2920. If for some reason Applicant has not requested a sufficient extension and/or has
not paid a sufficient fee for this response and/or for the extension necessary to prevent
the abandonment of this application, please consider this as a request for an extension
for the required time period and/or authorization to charge our Deposit Account No. 50-

1097 for any fee which may be due.

Respectfully submitted,
Dated: December 20, 2021 [Paul J. Palinski/

Paul J. Palinski, Registration No. 71,080
THE DOBRUSIN LAW FIRM PC

29 W. Lawrence Street, Suite 210
Pontiac, Ml 48342

(248) 292-2920

Customer No. 25215
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Marc Kriiger Art Unit: 3761
Application No.: 17/383,951 Examiner: TBA
Filed: July 23, 2021 Conf. No.: 6871

For: PORTION CAPSULE HAVING AN IDENTIFIER

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Applicant submits this statement in accordance with its duty of disclosure under 37 C.F R.
§§ 1.56, 1.97, and 1.98. The submission made herewith is in no way intended as an admission
that the cited items constitute material prior art or otherwise would render the claims
unpatentable in any way. The submission also is in no way intended to substitute for the
Examiner’s own independent investigation.

Form PTO/SB/08a is submitted herewith. Copies of foreign patent documents and non-
patent literature have not been provided due to their presence in the parent application to this
application (see MPEP 609.02(A)(2)), and Applicant notes that this section requires the
Examiner to consider all of the references previously submitted to the USPTO even if not listed
in any Information Disclosure Statement filed in this application. Applicant is resubmitting these
references on the attached form PTO/SB/08a so that all of the references are listed on the face of
the patent. However, to the extent that any references have been inadvertently overlooked, or
otherwise are not resubmitted on this form, Applicant respectfully requests consideration of the
previously submitted references as is set forth in MPEP 609.02(A)(2) and inclusion of such
references on the face of the patent. Applicant respectfully solicits the Examiner's consideration

of the cited references and entry thereof into the record of this application.
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10.| 4,644,151 A 05/12/1987 Piet
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12.] 4,742,645 05/10/1988 Johnston
13.| 4,859,337 08/22/1989 Woltermann
14.] 4,860,645 A 08/29/1989 Van Der Lijn et al.
15.| 4,867,993 09/19/1989 Nordskog
16.| 4,976,179 12/11/1990 Lacrouts-Cazenave
17.] 5,012,629 05/07/1991 Rehman et al.
18] 5,028,769 A 07/02/1991 | Claypool et al.
19.] 5,108,768 A 04/28/1992 So
20.] 5,194,553 A 03/16/1993 Freeburne et al.
21.| 5,242,702 A 09/07/1993 Fond
22.1 5,243,164 A 09/07/1993 Erickson et al.
23| 5,251,758 A 10/12/1993 Kolacek
24.] 5,285,041 A 02/08/1994 Wright
25| 5,402,707 A 04/04/1995 Fond et al.
26.| 5,460,078 A 10/24/1995 Weller
27.]5,496,573 A 03/05/1996 | Tsuji et al.
28.] 5,501,945 A 03/26/1996 Kanakkanatt
29.| 5,535,765 A 07/16/1996 Takashima
30.]| 5,601,716 A 02/11/1997 Heinrich et al.
31.] 5,637,850 A 06/10/1997 Honda
32.| 5,656,311 A 08/12/1997 Fond
335,656,318 A 08/12/1997 Fond et al.
34.] 5,677,522 A 10/14/1997 Rice et al.
355,725,261 A 03/10/1998 | Rahn
36.] 5,840,189 A 11/24/1998 | Sylvan et al.
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65.| 7,543,527 B2 06/09/2009 Schmed
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72.| 7,946,217 B2 05/24/2011 Favre et al.
73.| 7,981,451 B2 07/19/2011 Ozanne
74.| 8,039,029 B2 10/18/2011 Ozanne
75.| 8,039,034 B2 10/18/2011 Ozanne
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78.| 8,114,461 B2 02/14/2012 Perlman et al.
79.| 8,163,318 B2 04/24/2012 Ozanne et al.
80.| 8,168,908 B2 05/01/2012 Heimann
81.| 8,257,766 B2 09/04/2012 Yoakim et al.
82.| 8,276,639 B2 10/02/2012 Binacchi
83.| 8,361,527 B2 01/29/2013 Winkler et al.
84.| 8,474,368 B2 07/02/2013 Kilber et al.
85.] 8,491,948 B2 07/23/2013 Ozanne et al.
86.| 8,491,976 B2 07/23/2013 Sato et al.
87.| 8,505,440 B2 08/13/2013 Kirschner et al.
88.| 8,512,886 B2 08/20/2013 Ozanne
89.| 8,734,881 B2 05/27/2014 Yoakim et al.
90.| 8,747,775 B2 06/10/2014 Sandvick
91.] 8,794,125 B1 08/05/2014 Rivera
92.| 8,906,436 B2 12/09/2014 Nowak
93| 8,916,220 B2 12/23/2014 Mahlich et al.
94 | 8,956,672 B2 02/17/2015 Yoakim et al.
95.1 9,049,958 B2 06/09/2015 Fischer
96. 9,072,402 B2 07/07/2015 Ryser
97.1 9,079,705 B2 07/14/2015 Digiuni
98. 9,150,347 B2 10/06/2015 Scheiber
99.| 9,204,751 B2 12/08/2015 Peterson
100| 9,216,854 B2 12/22/2015 Schreiber
101] 9,227,837 B2 01/05/2016 Reinmuth
102]| 9,271,602 B2 03/01/2016 Beaulieu et al.
103] 9,290,317 B2 03/22/2016 Quinn et al.
104| 9,295,278 B2 03/29/2016 Nowak
105]| 9,357,791 B2 06/07/2016 Fountain et al.
106| 9,359,126 B2 06/07/2016 Wong et al.
107] 9,359,128 B2 06/07/2016 Mahlich
108] 9,392,902 B2 07/19/2016 Parentes et al.
109] 9,394,101 B2 07/19/2016 Empl
110] 9,409,703 B2 08/09/2016 Kriger et al.
111] 9,409,704 B2 08/09/2016 Digiuni et al.
112 9,415,931 B2 08/16/2016 Gerbaulet et al.
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113] 9,428 328 B2 08/30/2016 Trombetta et al.
114] 9,428,329 B2 08/30/2016 Trombetta et al.
115] 9,434,525 B2 09/06/2016 Fabozzi et al.
116] 9,486,108 Bl 11/08/2016 Douglas et al.
117] 9,808,112 B2 11/07/2017 Favero et al.
118] 9,969,564 B2 05/15/2018 Kriger
U.S. PATENT APPLICATION PUBLICATIONS
Examiner Cite | Publication Kind | Publication Name of Patentee or
Initials* No. | Number Code | Date Applicant of cited Document
1.]2001/0038204 Al 11/08/2001 Nojima et al
2.12001/0047724 Al 12/06/2001 Lazaris
3.1 2001/0048957 Al 12/06/2001 Lazaris et al.
20008 T00S AT U097 2007 KiTSChANeT et al.
5.1 2002/0020659 Al 02/21/2002 Sweeney
6. 2002/0048621 Al 04/25/2002 Boyd et al.
7.1 2002/0085164 Al 07/04/2002 Stanford-Clark
8.1 2002/0088807 Al 07/11/2002 Perkovic et al.
9.1 2002/0110626 Al 08/15/2002 Buckingham et al.
10.| 2002/0148356 Al 10/17/2002 Lazaris et al.
11.| 2003/0005826 Al 01/09/2003 Sargent et al.
12| 2003/0033938 Al 02/20/2003 Halliday et al.
13.| 2003/0039731 Al 02/27/2003 Dalton et al.
14 2003/0121979 Al 07/03/2003 Haens et al.
15 2003/0172813 Al 09/18/2003 Schifferle
16.| 2003/0222089 Al 12/04/2003 Hale
17| 2004/0005384 Al 01/08/2004 Cai
18.| 2004/0045443 Al 03/11/2004 Lazaris et al.
19.] 2004/0089158 Al 05/13/2004 Mahlich
20.| 2004/0089602 Al 05/13/2004 Heinrich et al.
21.2004/0115310 Al 06/17/2004 Yoakim et al.
22| 2004/0118295 Al 06/24/2004 Angeles
23.| 2004/0142070 Al 07/22/2004 Haen
24| 2004/0155113 Al 08/12/2004 Urano et al
251 2004/0182250 Al 09/23/2004 Halliday et al.
26. 2004/0188459 Al 09/30/2004 Halliday et al.
27 2005/0016383 Al 01/27/2005 Kirschner et al.
28.| 2005/0045566 Al 03/03/2005 Larkin et al.
29 2005/0051478 Al 03/10/2005 Karanikos et al.
30.| 2005/0061478 Al 03/24/2005 Huang
31 2005/0150391 Al 07/14/2005 Schifferle
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32| 2005/0160919 Al 07/28/2005 Balkau
33.[ 2005/0183581 Al 08/25/2005 Kirschner et al.
34.]2005/0266122 Al 12/01/2005 Franceschi
35 2006/0010744 Al 01/19/2006 Schumacher
36.] 2006/0032427 Al 02/16/2006 Ishii et al.
371 2006/0084344 Al 04/20/2006 Bonneh
38.]2006/0107841 Al 05/25/2006 Schifferle
39| 2006/0194004 Al 08/31/2006 Niemoller at al.
40.| 2006/0228447 Al 10/12/2006 Ganesan et al.
41, 2006/0236871 Al 10/26/2006 Temite et al.
42 2007/0144355 Al 06/28/2007 Denisart et al.
43| 2007/0148290 Al 06/28/2007 Ternite et al.
44 2007/0157821 Al 07/12/2007 Panesar et al.
45| 2007/0181005 Al 08/09/2007 Kirschner et al.
46.| 2007/0181412 Al 08/09/2007 Raunig
47| 2007/0203587 Al 08/30/2007 Erlandsson et al.
48.1 2007/0257118 Al 11/08/2007 Riley et al.
49 2008/0024536 Al 01/31/2008 Hirano et al.
50.| 2008/0026121 Al 01/31/2008 Mastropasqua et al.
51.| 2008/0028946 Al 02/07/2008 Kirschner et al.
52.1 2008/0038441 Al 02/14/2008 Kirschner
53.| 2008/0085356 Al 04/10/2008 Colliver et al.
54.| 2008/0116105 Al 05/22/2008 Statham
55.1 2008/0148948 Al 06/26/2008 Evers et al.
56.| 2008/0187638 Al 08/07/2008 Hansen
57.| 2008/0245236 Al 10/09/2008 Ternite et al.
58.| 2008/0299262 Al 12/04/2008 Reati
59.1 2008/0302251 Al 12/11/2008 Rijskamp et al.
60.| 2009/0004343 Al 01/01/2009 Xiong et al.
61.| 2009/0007793 Al 01/08/2009 Glucksman et al.
62.| 2009/0007796 Al 01/08/2009 Maddalena Ricotti
63.| 2009/0092711 Al 04/09/2009 Ninh et al.
64.| 2009/0126577 Al 05/21/2009 Ternite
65.] 2009/0136626 Al 05/28/2009 Mueller
66.| 2009/0211458 Al 08/27/2009 Denisart et al.
67.]2009/0211713 Al 08/27/2009 Binacchi
68.| 2009/0223375 Al 09/10/2009 Verbeek
69.| 2009/0249961 Al 10/08/2009 Cheng
70| 2009/0289121 Al 11/26/2009 Maeda et al.
71.1 2009/0291379 Al 11/26/2009 Masaya Oota, et al.
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75.1 2010/0028495 Al 02/04/2010 Novak et al.
76.| 2010/0050880 Al 03/04/2010 Suter et al.
77| 2010/0051532 Al 03/04/2010 Wawrla et al.
78.| 2010/0054532 Al 03/04/2010 Mitte et al.
79.| 2010/0072272 Al 03/25/2010 Angros
80.| 2010/0078480 Al 04/01/2010 Aker
81.| 2010/0108541 Al 05/06/2010 Roberto
82.| 2010/0132564 Al 06/03/2010 Ozanne et al.
83./ 2010/0147418 Al 06/17/2010 Piana
84| 2010/0147872 Al 06/17/2010 Saxton et al.
85./ 2010/0181378 Al 07/22/2010 Hayakawa et al.
86.| 2010/0196545 Al 08/05/2010 Buffet et al.
87.| 2010/0239717 Al 09/23/2010 Yoakim et al.
88.| 2010/0239733 Al 09/23/2010 Yoakim et al.
89.| 2010/0239734 Al 09/23/2010 Yoakim,et al.
90.| 2010/0260915 Al 10/14/2010 Young
91.| 2010/0263329 Al 10/21/2010 Nash
92.| 2010/0264640 Al 10/21/2010 Lane et al.
93| 2010/0288131 Al 11/18/2010 Kilber et al.
94| 2010/0288133 Al 11/18/2010 Litzka et al.
95.1 2010/0303964 Al 12/02/2010 Beaulieu et al.
96.| 2010/0308061 Al 12/09/2010 Loulourgas
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99| 2011/0033580 Al 02/10/2011 Biesheuvel et al.
100| 2011/0041702 Al 02/24/2011 Yoakim
101] 2011/0064852 Al 03/17/2011 Mann
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