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QUALITY CONTROL METHOD FOR IMPRINT LITHOGRAPHY

FIELD OF THE INVENTION
The present invention relates to the field of imprint lithography, and in particular to a

method for quality control assessment in the context thereof.

BACKGROUND OF THE INVENTION

Imprint lithography (IL) is a technique in which with an imprint cycle a patterned layer is
formed on a substrate. The patterned layer may serve as a functional substrate layer or part thereof or as a
mask layer for patterning further layers on the substrate. An imprint cycle usually starts with the
deposition of an imprint composition to a substrate surface to form an imprintable layer thercon. Then,
the imprintable layer, which is at this point still formable, is brought in contact with a relief surface of a
stamp where the relief surface represents a pattern to be replicated within the imprintable layer. Since the
applied imprintable layer is still formable, during this contact, the imprintable layer surface conforms to
(at least partly adopts) the shape of the relief surface due to redistribution of material within the
imprintable layer. Once conformation has been achieved the imprintable layer is solidified (“cured”)
while still in contact with the relief surface. Solidification may take place by stimulating or causing a
particular solidification process to occur, for example by removal of solvent and or exposure to external
stimuli such as UV light. After solidification, the stamp (i.e. the relief surface) is removed from the
solidified imprintable layer to leave a patterned layer, also often referred to as an imprinted layer, on the
surface of the substrate. This patterned layer has a pattern that is complementary to that of the stamp relief
surface.

One form of imprint lithography makes use of flexible stamps having an elastomeric body
and relief surface which is brought in contact with an imprintable layer of a substrate. Imprinting of the
imprintable layer by the stamp relief surface results from capillary forces rather than pressure to cause a
redistribution (flow) of material during the contact step described hereinbefore. Substrate Conformal
Imprint Lithography™ (“SCIL”) provides an example of such technique in which a silicone rubber stamp
is used in combination with a sol-gel based imprint composition.

With SCIL, the stamp is locally bent to establish a first local contact with the imprintable
layer of sol-gel applied to the substrate and this local contact is extended over the substrate area in a wave
propagation like manner by sequential local bending of the stamp during the contact step. Once applied
and in contact with the flexible stamp, the imprintable layer solidifies due to removal of solvent from the

imprintable layer by the flexible stamp. Th SCIL technique reduces or avoids changes in relief surface
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structure during the contact process. Furthermore, the sequential contact routine does not allow air
gaps/inclusions to form, which results in high yields and increases productivity.

In the context of high-volume imprint lithography manufacturing processes (€.g.,
semiconductor manufacture), quality control measures are needed for monitoring the quality with which
imprint cycles result in patterned layers. Preferably such quality control can be used to check the quality
of the various layers manufactured on a substrate. Quality control involves analysis of the layered
structure at one or more stages throughout the manufacture. Quality control analysis of imprint
lithography processes involves analyzing the structural properties of the patterned imprintable layer.

Well-known methods to analyze small structures are microscopy, for example scanning
electron microscopy (SEM) and Atomic Force Microscopy (AFM). Other methods include white light
interferometry. The appropriate method depends upon the size of the target object. For nano structures,
SEM is more suitable but is expensive and requires large machinery with high spatial footprint.

AFM provides detailed and accurate analysis of structures but is time-consuming. SEM
can provide a detailed view of the surface of the structures, but its expense, complexity and large spatial

footprint makes it somewhat impractical for inline quality control.

SUMMARY OF THE INVENTION

An improved approach to quality control of imprint lithographic processes is desired. It is
preferable if such quality control analysis can be performed in-line with manufacturing processes and
does not take substantial time and effort. The need evolves from the realization that the ability of the
imprintable layer to conform to the stamp relief surface is highly dependent on the quality of the imprint
composition and imprint conditions such as for example environmental humidity and temperature, with
which an imprint cycle is performed. While such conformability property may be dependent on ¢.g.,
viscosity of the imprintable layer, such property may not always be inferred from the imprint
composition. For example, sol-gel based imprint compositions and imprintable layers usually comprise
materials in slowly changing equilibrium, i.c., they are somewhat unstable and change over time. The
contacting of an imprint composition may be of influence on such equilibrium behavior. Thus, one
important aspect is to monitor the quality of imprint composition and/or imprintable layer as its ability to
conform to the stamp relief surface is of influence on the final patterned layer obtained.

The invention is defined by the claims.

It is a realization of the inventors that a structural or material quality of the imprintable
layer can be assessed based on indirect detection of the layer’s viscosity or flow properties which are a
relevant parameter in assessing material quality of the layer. A quality control method has therefore been
sought by the inventors which provides an indication of this viscosity or flow property.

It is a further realization of the inventors that the viscosity or flow properties of the layer

can be assessed via analysis of a quality of the above-described conformation process based on optically
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analyzing the patterned layer (i.e. imprintable layer after imprinting and solidification) to detect a

morphology of the imprinted relief pattern.

Claims.

In this regard, in accordance with an aspect of the current disclosure, there is provided a
quality control method for use in imprint lithography, the method comprising:

providing a patterned stamp for patterning an imprintable layer, the stamp comprising a
pliable stamp layer carrying a pattern of relief features which define a stamp pattern,

wherein the stamp pattern comprises a plurality of pattern sections, the pattern sections
spaced from one another, and wherein each pattern section comprises pattern features for forming at least
one depression of a respective width which is different compared to that of the other pattern sections;

applying the stamp to an imprintable layer disposed on a substrate, the imprintable layer
comprising a curable imprintable medium, whereby the imprintable layer is induced to conform to the
stamp pattern;

acquiring, optical imaging data of the imprint pattern in the imprintable layer;

deriving, based on the optical imaging data and based on knowledge of the differing
widths and/or depths of the pattern section depressions, a conformation quality indicator indicative of
layer-stamp conformation quality.

Embodiments of the invention are based on analyzing the quality of the imprintable layer
based on indirect detection of its viscosity. The viscosity of the imprintable layer affects how it flows to
fill the lithographic stamp pattern upon application of the stamp, and higher viscosity results in an uneven
(at a micro or nanoscale) imprintable layer geometry (i.¢. curved or bowed) in each depression/groove or
on each ridge of the imprint pattern. This unevenness is detectable upon optical inspection, due to optical
effects caused by incident light upon or through a non-flat reflecting surface, for example through
spectroscopic (¢.g. color) analysis. For example, the unevenness is detectable upon optical inspection, due
to a thin-film interference pattern caused by the passage of light through the uneven thin imprintable layer
surface, and back-reflection from an underlying substrate, this being detectable in captured optical image
data. By providing an imprint pattern which has multiple spatially separated regions, each defining
imprint depressions of different width, a more precise quantitative measure of viscosity-related quality
can be identified. In particular, since the “filling’ quality of the layer in the grooves/ridges can be
expected to be different for grooves/ridges of a different size and the filling quality vs ridge size function
will differ for differing layer viscosities.

The stamp can be a dedicated quality control stamp, or it may be stamp which is used in
the main manufacturing process. For example, in the latter case, the above-described stamp pattern could
be provided in one spatial region of the functional stamp, i.¢. a test area of the main stamp, similar to

alignment test blocks in high-volume printing processes.
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Each of the aforementioned pattern sections occupies a separate respective spatial region
of the stamp surface. They might otherwise be referred to as pattern regions.

In some examples, the imprintable layer may be a curable imprintable layer. In this case,
the method may further comprise a step, after applying the stamp, of: curing the imprintable layer for a
predetermined time period to thereby form a cured imprint pattern in the surface of the imprintable layer,
and wherein the optical imaging data is acquired after the curing. An alternative to a curing method is for
example hot embossing which does not require a curing step.

With regards to the geometry or shape of the depression mentioned above, the inventive
concept is not dependent on any specific geometry or shape. The important factor is the provision of
different widths and/or depths in the different spatial sections of the stamp pattern, so that the differing
fill quality in each different depression depth or width can be compared. It is preferable if the general
outline geometry or shape of the at least one depression is the same in every pattern section, and differs
only in width or depth between the different pattern sections. This makes the sections easier to compare.

In one particular set of embodiments, it is proposed to provide in each pattern section a
respective line grating relief pattern, to form a respective grating of imprinted lines when that section is
applied to the imprintable layer. Thus, in this example, the at least one depression comprises at least one
clongate, linear depression, i.c. a linear groove.

In particular, according to at least one set of embodiments, each pattern section may
comprise relief features which define a respective grating of parallel lines for forming line depressions in
the imprintable layer, the grating having a grating pitch and a grating duty cycle which together define an
uniform grating line width of each of the line depressions, and a grating depth which defines a depth of
cach of the line depressions. The grating duty cycle is a term of the art and means the ratio of the grating
ridge width to the grating pitch (where the pitch is otherwise known as the grating period). If the grating
is understood as an alternating pattern of line depressions (grooves) and line ridges, and wherein the
grating period or pitch is the distance covered by one depression and one ridge, then the grating duty
cycle is effectively the proportion of that period distance which is covered by the width of the ridge (as
opposed to the line width of the depression).

The benefits of a line grating for each pattern section include provision of a simple and
uniform geometry for every pattern section (therefore making the resulting imprint pattern easily
comparable between sections) and simple manufacturing.

The grating of each of the plurality of pattern sections may have a different respective
line pitch compared to the other pattern sections. Preferably, each of the plurality of pattern sections at
least has a different line pitch resulting in a different grating depression line width compared to the other
pattern sections, and optionally further has a different depression line depth.

In one advantageous set of embodiments, there are provided a plurality of sets of gratings,
cach set providing gratings imprinted to a same common depth, with the depths differing between the

sets. For example, the plurality of pattern sections may include at least a first set of two or more gratings,
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and a second set of two or more gratings, the gratings of the first set comprising lines of a first depth, and
the gratings of the second set comprising lines of a second depth, and wherein each of the first and second
sets of gratings include respective gratings of a plurality of different line pitches and/or grating duty
cycles. In this way, there is achieved a plurality of grating pitches at a plurality of different depths.

With regards to the scale of the depression widths, the width of the at least one depression
of each pattern section may be between 0.5 and 200 micrometers.

In relation more specifically to the set of embodiments in which each pattern section
comprises a respective line grating, the depression line width of each grating may be between 0.5 and 200
micrometers.

With regards to the determining of the conformation quality indicator, in general, this can
be done based on comparing one or more optical characteristics of the light reflection pattern from each
of the pattern sections.

In some embodiments, the determining the conformation quality indicator may comprise
detecting from the optical image data a spatial color distribution or pattern exhibited by each pattern
section, and determining based on the color pattern of each pattern section, and based on knowledge of
the width and/or depth of the at least one depression of each pattern section, an indicator of conformation
quality.

As briefly discussed above, the viscosity of the imprintable layer affects how it flows to
fill the lithographic imprint pattern, and higher viscosity results in uneven (at a micro or nanoscale)
geometry of the imprintable layer (i.e. curved or bowed) in each groove or on each ridge. This
unevenness is detectable upon optical inspection, due to optical effects caused by incident light upon a
non-flat reflecting surface, ¢.g. a thin film interference pattern of light travelling through the uneven layer.
One expression of this is in detectable color changes. Thus, the viscosity of the imprintable layer is
indirectly detectable via capturing the color pattern of the reflected light from each pattern section. More
generally, the method may comprise a spectroscopic analysis of the optical image data, based on detecting
a spectroscopic or optical frequency pattern exhibited by each pattern section.

In some embodiments, the method may further comprise detecting from the color pattern
for each pattern section a color variation pattern across a width of the at least one depression.

The method may further comprise determining for each pattern section a color uniformity
metric representative of a degree of color uniformity across the width of the at least one depression based
on said detected color variation across the width of the depression.

In some embodiments, the method may further comprise determining the conformation
quality indicator based on comparing the color uniformity metric of each pattern section against a pre-
defined standard, such as a threshold range.

In some embodiments, the determining the conformation quality indicator may comprise
identifying the maximum depression width, among the differing depression widths of the plurality of

pattern sections, for which the corresponding color uniformity metric meets said pre-defined standard.
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With regards to deriving a quality indicator, ultimately a quality assessment seeks to
determine if the layer viscosity is such that the conformation quality with the stamp is at a required
minimum level for the particular lithography operation which is to be performed. Higher conformation
quality permits finer spatial resolution of imprinted patterns. The detected color pattern is indicative of
characteristics of the physical engagement between the stamp and the imprintable layer, by virtue of the
degree of geometrical uniformity of the generated depressions. The detected color pattern is related to the
refraction of light through the imprintable layer at the base of the depressions of the pattern section. In
particular, the color across the width of a given depression may be expected to vary with a particular
variation function or pattern which differs according to the degree of uniformity of the depression(s) of
the pattern section. Thus, a quality of conformation for a given pattern section can be indicated by a color
pattern for that section, and the overall conformation quality indicator of the imprintable layer can be
derived from assessment of the quality of the layer across the whole set of pattern sections. The quality of
a given pattern section may be determined in dependence upon a degree of color uniformity along the
width of the depressions for that section. For example, the color pattern of each pattern section could be
used to derive a pattern section quality metric, each pattern section quality metric compared with a
threshold level or range, and an overall conformation quality indicator could be defined in dependence
upon which of the pattern sections has an associated pattern section quality metric which meets the
defined threshold. For example, as noted above, there may be identified the maximum depression width,
among the differing depressions widths of the plurality of pattern sections, for which the corresponding
color uniformity metric meets said pre-defined standard.

In this context, it is noted that color can be quantitatively defined with various color
metrics, including RGB color values (or other standard color code), or simply based on corresponding
light frequency or wavelength or spectral composition.

In some embodiments, the method may further comprise detecting from the color pattern
for each pattern section a degree of color uniformity of one or more of: a peak of the imprint pattern
section, and a non-imprinted region surrounding the pattern.

In some embodiments, for each pattern section, the detected degree of color uniformity of
the peak of the imprint pattern section or of the non-imprinted region surrounding the pattern may be used
as the previously mentioned pre-defined standard.

In some embodiments, the determining the conformation quality indicator may comprise,
for each pattern section, determining from the color variation pattern across the width of the at least one
depression of the pattern section a degree of height non-uniformity across a base of said at least one
depression based on an assumption that the color variation is indicative of an optical thin-film
interference pattern of incident light through the imprintable layer.

In some embodiments, the method may further comprise comparing the derived degree of
height non-uniformity with at least one threshold, and deriving the conformation quality indicator based

thereon.
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In some embodiments, the previously mentioned optical imaging data may be acquired
using an optical microscope. The optical microscope may have a magnification of at least 1000x.

In some embodiments, the imprintable layer may comprise a resist layer, ¢.g. a mask
layer.

In some embodiments, the stamp may be a Substrate Conformal Imprint Lithography
(SCIL) stamp.

A further aspect of the invention provides an imprint lithography stamp having a
patterned surface for patterning an imprintable layer, the stamp comprising a pliable stamp layer carrying
a pattern of relief features which define a stamp pattern. The stamp pattern comprises a plurality of
pattern sections, the pattern sections spaced from one another, and wherein each pattern section comprises
pattern features for forming one or more depressions of a respective width which is different compared to
the other pattern sections.

In some embodiments, each pattern section may comprise relief features which define a
respective grating of parallel lines for forming line depressions in the imprintable layer, the grating
having a grating pitch which defines a width of each of the line depressions, and a grating depth which
defines a depth of each of the line depressions.

In some embodiments, the grating of each of the plurality of pattern sections may have a
different respective line pitch and/or depth compared to the other pattern sections.

These and other aspects of the invention will be apparent from and elucidated with

reference to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, and to show more clearly how it may be
carried into effect, reference will now be made, by way of example only, to the accompanying schematic
drawings that are not to scale, in which:

Fig. 1 schematically illustrates an example patterned stamp for use in forming an imprint
pattern for a quality control analysis;

Fig. 2 schematically illustrates a further example patterned stamp for use in forming an
imprint pattern for a quality control analysis;

Fig. 3 illustrates steps for forming an imprint pattern as part of an example quality control
method; and

Fig. 4 shows optical analysis of a formed imprint pattern for quality control assessment.
The figure shows images A of a first sample and images B for a second sample. The numbers 2 to 256
indicate test pattern width values all for as single depth value.

Fig. 5 shows an example quality method as disclose herein.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

The invention will be described with reference to the Figures.

The detailed description and specific examples, while indicating exemplary embodiments
of the apparatus, systems and methods, are intended for purposes of illustration only and are not intended
to limit the scope of the claims. These and other features, aspects, and advantages of the apparatus,
systems and methods of the present disclosure will become better understood from the following
description, appended claims, and accompanying drawings. The same reference numerals are used
throughout the Figures to indicate the same or similar parts.

The current disclosure provides a method for quality assessment in imprint lithography
which is based on analyzing the quality of an imprintable layer based on indirect detection of its viscosity.
The method comprises imprinting a dedicated test pattern comprising multiple pattern sections,
comprising pattern indentations of differing widths and/or depths. The viscosity of the imprintable layer
affects how it flows to fill the lithographic imprint pattern, and higher viscosity results in uneven (at a
micro or nano scale) layer geometry (i.e. curved or bowed) in each groove or on each ridge of the
indentation pattern. This unevenness is detectable upon optical inspection, due to a thin film interference
pattern caused by the passage of light through the uneven imprintable layer surface, and back-reflection
from an underlying substrate, this being detectable in captured optical image data. Thus, the viscosity of
the imprintable layer is indirectly detectable via capturing optical image data of the test pattern. By using
multiple different pattern sections of differing width and or depth, a precise quantitative measure of
viscosity-related quality can be identified.

Figs. 1, 3(a) and 3(b) schematically illustrates an example imprint lithography stamp 12
for use in an imprint lithography quality control method. The stamp may in some examples be a Substrate
Conformal Imprint Lithography (SCIL) stamp used in a SCIL technology As described herein before in
substrate conformal imprint lithography (SCIL) a somwhat viscous imprintable layer is brought into
contact with a relief surface of a pliable (usually rubber, ¢.g. PDMS) stamp. Upon contact, the relief
features of the stamp, usually having dimensions in the micrometer or smaller scale, fill with the
somewhat viscous material of the imprint layer. This process may be referred to as a conformation
process of the imprintable layer to the relief surface. After good conformation has been achieved, the
imprintable layer is solidified while in contact with the stamp. Once solidification is complete, the stamp
is removed or released leaving a patterned layer having a complementary relief pattern to that of the relief
stamp. However, other imprint methodologies and systems may be used. More detailed descriptions of
apparatuses, systems and imprint compositions and how to use these for performing exemplifying imprint
methods have been described in: EP 3126909A and W02020/0099265 each of which are incorporated by
reference.

Referring to Figs. 1, 3(a) and 3(b) again, the stamp comprises a pliable layer 14, e.g.
formed of an elastomeric material such as rubber. In some examples the pliable layer 14 comprises a

flexible (pliable) thin glass or metal sheet 14 having adhered thereto the elastomeric material layer 17.
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The layer carries on an exposed surface a pattern of relief features 22 which define a stamp pattern. The
stamp pattern comprises a plurality of pattern sections 16a-j, the pattern sections being spaced from one
another. Each of the sections in Fig. 1 along the horizontal direction has a plurality of relief features 22
interspaced by gaps 24 as indicated in Figs 3(a) and 3(b). Although ten pattern sections are shown in Fig.
1, this is just an example and more or fewer pattern sections may alternatively be provided. Each pattern
section 16 comprises relief features 22 for forming at least one depression 44 within an imprintable layer
where the depression 44 is of a respective width 25 and/or depth 27 which is different compared to that of
the other pattern sections.

In the illustrated examples, each pattern section 16 comprises relief features 22 for
forming at least one depression 44 of a respective combination of width 25 and depth 27 which is
different compared to that of the other pattern sections.

In the illustrated example, each pattern section 16 comprises relief features 22 which
define a respective grating of parallel lines along the vertical direction in the plane of drawing of Fig. 1,
for forming line depressions 44 in the imprintable layer. Each grating has a grating pitch, p, (otherwise
known as a grating period) defined along the horizontal direction in the plane of drawing of Fig. 1. Each
grating has a duty cycle. The duty cycle means the ratio of the grating ridge width to the grating pitch, p.
If the grating is understood as an alternating pattern of line depressions (grooves) and line ridges, and
wherein the grating period or pitch is the distance covered by one depression and one ridge, then the
grating duty cycle is effectively the proportion of that period distance which is covered by the width of
the ridge (as opposed to the line width of the depression). The pitch and duty cycle together define a
uniform grating line width of each of the line depressions, and a grating depth which defines a depth of
cach of the line depressions.

In some preferred examples each section has a single width 25, depth 27 and pitch for
multiple features 22 in its pattern. Preferably at least two neighboring features 22 mutually separated in
the relief feature plane of the stamp by a gap 24 are present per section and more preferably at least three
such features 22 mutually separated by gaps 24 are present per section.  In this example, the plurality of
pattern sections 16 comprises a first set 18a of gratings, and a second set 18b of gratings, the gratings of
the first set comprising lines of a first depth, and the gratings of the second set comprising lines of a
second depth different from the first depth, and wherein each of the first and second sets of gratings
include gratings respectively of a plurality of different line pitches and line widths. For example, each
grating may have a depression line width between 0.5 um and 200 um. In other words, each pattern
section is configured to form line depressions having a width of between 0.5 wm and 200 wm. With
regards to the respective depths of the first set 18a and second set 18b of gratings, these may for example
be depths between 75 and 300 nm, In some examples, the depths may be selected as any two of: 75 nm,

150 nm and 300 nm.
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Although two sets 18a, 18b of gratings are shown in the example of Fig. 3, in further
examples, a greater number of sets of gratings may be provided, for example three sets of gratings, or
more than three sets of gratings.

With regards to the number of line depressions 24 of each grating, this can in fact be any
number of one or more, although the reliability of the optical analysis (described below) may be improved
if each grating provides a greater number of line depressions.

The stamp is used for performing a quality control assessment in the context of an imprint
lithography process. More particularly, the stamp is for assessing the quality of an imprintable layer
which is lithographically imprinted as part of the imprint lithography process. In some examples the
stamp may thus be used to assess quality of the imprint composition from which the imprintable layer was
obtained.

One aspect of the current disclosure is the patterned stamp used in the quality control
method. Another aspect of the invention is the quality control method, using the patterned stamp, or the
use of the stamp for a quality control method. The basic steps of the method will now be described.

The method comprises using, optionally also providing, a patterned stamp 12 carrying a
pattern of relief features which define a stamp test pattern as defined herein. The stamp test pattern may
for example be as described above with reference to Fig. 1. More generally, the stamp test pattern should
comprise a plurality of pattern sections 16, the pattern sections spaced from one another, and wherein
cach pattern section comprises pattern features 22 for forming at least one depression 24 of a respective
width and optionally also depth which is different compared to that of the other pattern sections.

The method comprises applying the stamp to an imprintable layer applied on a substrate,
the imprintable layer comprising an imprintable medium, whereby the imprintable layer is induced to
conform to the stamp pattern.

If the imprintable medium is a curable imprintable medium, then the method further
comprises curing the imprintable layer for a predetermined time period to thereby form a cured imprint
pattern in the surface of the imprintable layer. However, a curable imprintable medium is not essential.
Another alternative for example is a hot embossing process which does not require a curing step.

The method further comprises acquiring optical imaging data of the formed imprint
pattern in the imprintable layer.

The method further comprises deriving, based on the optical imaging data and based on
knowledge of the differing depression widths and/or depths of pattern sections, a conformation quality
indicator indicative of layer-stamp conformation quality.

Fig. 2 shows a further example patterned stamp 12 in accordance with one or more
embodiments. The stamp may in some examples be a Substrate Conformal Imprint Lithography (SCIL)
stamp.

In this example, the stamp pattern comprises three pattern blocks 20a, 20b, 20¢. Each

pattern block comprises a plurality of sets 18 of stamp pattern sections 16. Each pattern section 16
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comprises stamp relief features which define one or more depressions of a particular width. In this
example, each pattern section 16 comprises relief features which define a respective line grating of a
particular pitch and groove line width. One example set 18a of pattern sections 16 (in the form of line
gratings) is illustrated at item 18a in Fig. 2. Within each respective set 18 of gratings, each grating 16 has
a different pitch measured along the double arrow line indicated with / and line width w. The pitches vary
from a minimum pitch to a maximum pitch to thereby form, when the stamp is applied, a series of line
depressions of different widths. In this example, the pitches of the gratings 16 vary from a minimum pitch
of 0.5 um to a maximum pitch of 200 pm. In some examples, the number of periods in each grating (i.c.
the number of lines) may also vary as the pitch varies, so that higher pitch gratings have a smaller period.
Minimum number of lines may be 2 or 3.

Each block 20a, 20b, 20¢ may correspond to a different imprint depth, so that all of the
sets 18 of pattern sections 16 in one block 20 are of the same imprint depth as defined in Fig. 3(a). In the
illustrated example, the first block has a depth of 75 nm, the second block 20b has a depth of 150 nm and
the third block 20c has a depth of 300 nm. These are exemplary only, and do not in any way limit the
scope of the inventive concept.

In some examples, the sets 18 of line gratings may vary between one another also in their
grating duty cycle. For example, Fig. 2 illustrates a design in which, within each block, there are multiple
sets 18 of gratings 16, each set of gratings comprising gratings of the same range of pitches and line
widths, but varying in their grating duty cycle (meaning the proportion of each grating period which is
spatially spanned by the ridge part of the grating (as opposed to the depression). In the example of Fig. 2,
each block 20 includes two identical groups 21 of three sets 18 of grating sections 16, wherein the sets 18
of each group are the same as one another except in respect of their grating duty cycle. For example, the
three sets 18 of gratings in each group 21 might have respective grating duty cycles of 0.33, 0.5 and 0.66
(this is one example only). Providing gratings with different duty cycles allows to test the flow or
viscosity at the beginning of each imprint pattern and at the end.

By providing two identical groups 21 of grating sets 18 in each elongate block, at
opposite ends of the block, this allows to test the imprint quality at different times in the imprint.

By way purely of illustration, in the illustrated example, each set 18 of gratings 16 may
have a length, /, of between 15 mm and 20 mm. For instance, in one prototype built by the inventors, the
length was 17.1 mm (non-limiting example only).

By way of further guidance, in the illustrated example, each set 18 of gratings 16 may
have a width, w, of between 1 mm and 5 mm. For instance, in one prototype built by the inventors, the
width was 3 mm (non-limiting example only).

A horizontal spacing between each neighboring grating sections 16 in a given set 18 of
grating sections may by way of example be between 75 um and 125 pm, for example 100 um. The
horizontal spacing between the neighboring pattern blocks 20a, 20b, 20c may for example be between 1

mm and 5 mm, for example 3 mm.
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It is noted that according to at least one set of embodiments, a master stamp mold may be
provided, for example in silicon or another suitable material, from which multiple versions of a same
pliable stamp may be formed with a same stamp pattern. The pliable stamp itself may be formed from an
clastomer material, while the master may be formed from a more rigid material, for example etched into
silicon.

For schematic illustration, Fig. 1 and Fig. 2 show example stamps 12 in which the stamp
pattern covers a majority of the surface arca of the stamp pliable layer 14. In other words, the stamp is a
dedicated quality control stamp. For example, the stamp might be applied to a dedicated test piece at
intervals throughout a manufacturing process to periodically test a quality of the imprintable layer used in
the lithographic imprinting part of the manufacture process. However, in other examples, the test stamp
pattern could be provided covering a minority portion of a surface area of a primary stamp used in the
lithographic imprinting step of the primary manufacturing process. For example, this may form a test
region of the imprint pattern, so that quality of the imprintable layer can be assessed by optical analysis of
any piece produced throughout the manufacturing process. This may be more advantageous for
facilitating in-line (manufacturing line) quality control. It may be quite time consuming to change stamps
during a printing run.

The method of imprinting the test stamp 12 and optically analyzing the resulting imprint
pattern will now be explained further, with reference to Figs. 3ato d and Fig. 4. Further details of a
printing processing which the current techniques can be used are disclosed in EP 3126909A and
W02020/0099265.

A schematic representation of an example stamp 12 is shown in Fig. 3(a). The stamp
comprises a pliable stamp layer 14 which carries a pattern of relief features 22 which define a stamp
pattern. In the schematic illustration of Fig. 3, only one pattern section is visible, in which the relief
features 22 are for forming depressions 44 of a same common width in the imprintable layer and
therewith patterned layer. However, as discussed above, the stamp comprises a plurality of pattern
sections, each for forming depressions of different widths.

The substrate may for example be a semiconductor substrate such as silicon, but may
alternatively be any other substrate. The substrate may be flat or even curved to some extent.

The imprintable layer may be formed of a deformable material, where deformable means
at least deformable while imprinted with a flexible, pliable stamp such as an elastomeric rubber stamp..
Sometimes such deformable layer is referred to as an imprint resist layer. Examples of deformable layers
are sol-gel based layers, i.e. layers which include a sol-gel based material, or a sol-gel + nano-particle
based material. Other deformable layers include a nano-particle only based material. Other examples
include UV curing materials, €.g. epoxy curing or acrylate curing. Also, organic material may be used
(with cross-linking via UV light or another initiator), or hybrid inorganic-organic materials. By way of
further example, the imprintable layer may be formed of a glass-like material such as silicon monoxide

(SI-0). A suitable example of such a material is disclosed in WO 2009/141774 A1, although it should be
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understood that any suitable resist material may be used. Further examples of suitable resist materials for
example can be found in US 2004/0261981 A1, WO 2005/101466 A2, US 2005/0230882 A1, US
2004/0264019 as well as in the non-patent publication Advanced Materials, 1998, Vol. 10(8), page 571.

The imprintable layer may be applied to the substrate in a deposition process such as for
example spin coating, spraying, dip-coating, blade coating or any other deposition method. Preferably
such method can deposit an imprintable layer with substantially uniform thickness over the substrate.

The stamp 12 is applied to an imprintable layer 32 disposed on a substrate 34, the
imprintable layer comprising a curable imprintable medium, whereby the imprintable layer is induced to
conform to the stamp pattern. This step is illustrated schematically in Fig. 3(b). By way of example, the
imprintable layer 32 may be a sol-gel based resist layer for use as part of a semiconductor manufacture
process, for instance a mask layer. For example, the imprintable layer 32 may be a nanoglass resist layer.

Applying the stamp causes the material of the imprintable layer 32 to redistribute by
flowing from areas between features 22 and substrate up into the gaps 24 of the stamp relief pattern, as
shown with solid curved arrows in Fig. 3(b).

After the stamp 12 has been applied, the stamp is retained in position on the imprintable
layer 32 for a suitable and chosen imprint time period to allow the imprintable layer material to
completely conform to the stamp relief pattern after which the layer is solidified in a curing process. After
curing for a pre-determined period of time, the stamp is removed 12 and a cured imprint pattern 42 is left
in a patterned or imprinted layer 36.

Depending upon the quality of the imprintable layer 32, the resulting imprint pattern in
imprinted layer 36 will differ in its quality. A higher quality imprintable layer will result in greater quality
(better, or more complete) conformation of the layer 32 to the stamp pattern. Fig. 3(c) shows one example
of a cured imprint pattern on a imprinted layer 36 for a high-quality imprintable layer 32. Fig. 3(d) shows
a further example of a lower quality cured imprint pattern of an imprinted layer 36 resulting from a lower
quality imprintable layer 32. Clearly in the Fig 3(d) case the depressions 44 and protrusions 46 do not
have flat top shapes as they should have based on the stamp relief shapes. In contrast, the depressions 44
and protrusions 46 have concave and convex shapes. This may be due to incomplete flow of the
imprintable layer material during the imprint conditions chosen. Typically, an imprint composition and
imprintable layer deposited therefrom have been specified to provide high-quality imprinted layers 36
when used with particular imprint conditions comprising one or more of’ the imprint time period,
humidity, pressure, and temperature. The dependency of the shape of the patterned layer 36 on the quality
of imprint composition and/or imprintable layer 32 well as on the conditions for imprinting such as
humidity, temperature or pressure allows quality control monitoring of the imprint composition and
imprintable layer via monitoring of a suitable shape parameter. For example imprinting conditions such as
humidity, pressure and temperature may be monitored separately and/or be kept constant.

Shape investigation of the patterned layer can be used to monitor quality during repeated

imprint cycles by checking whether chosen shape parameters remain within specified tolerances or
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change such that they take on values outside such tolerances. Parameters and methods to monitor these
will be explained herein below.

For the higher quality imprintable layer 32 used for obtaining the imprinted layer 36 of
Fig. 3(c), the viscosity is lower than that of the imprintable layer 32 resulting in the imprinted layer 36 of
Fig. 3(d), which results in improved layer to stamp conformation quality. This manifests in an imprint
pattern 42 of the imprinted layer 36 which comprises depressions 44 which have a more uniform height at
the base of the depressions, i.e. are more flat, or less convex at this base. It further results in a more
uniform height at the top of the peaks 46, i.e. more flat, or less concave base, of the imprint pattern.
Without wanting to be bound by theory the viscosity change to higher viscosity in sol-gel based imprint
compositions and imprintable layers may for example be due to more extensive gel formation which
generally involves an increase of a chain length of the polymers and crosslink density in the composition
and/or layer.

For use of the lower quality imprintable layer 32 illustrated by Fig. 3(d), there is greater
height non-uniformity in the layer 36 at the base of each of the depressions 44 of the imprint pattern and
at the top of each of the peaks 46 of the imprint pattern. The higher viscosity impairs the proper filling of
the 1 line spaces 24 of the stamp pattern under the desired or chosen imprint conditions, resulting in
poorer quality stamp to layer conformation.

The conformation quality of the imprintable layer 32 to the stamp pattern can be assessed
optically by capturing optical imaging data of the resulting imprint pattern 42 in the imprinted layers 36.
The imaging data can for example be acquired using an optical microscope, or other optical detection
system capable of imaging at least a part of the test patterns and providing the image data to a user via a
suitable image display interface or image processing system By way of example, an optical microscope
may be used with a magnification of approximately 1000x.

For an imprintable layer 32 with poor quality conformation with the stamp 12, the non-
uniformity of the layer surface height at the depression 44 bases and at the tops of the peaks 46 results in
changes in the optical properties of light reflected from the pattern at these locations. In particular, light
incident on the stamp pattern may pass through the thin imprinted layer 36 material, reflect from the
substrate 34, and then be received at the optical detection system. This results in image data comprising a
thin film interference color pattern in which the color varies across the width of the depression 44, due to
the varying height at the base of the depression and/or the width of the peak 46 due to its varying height at
the top of the peak 46.

In particular, spectral characteristics of light reflecting from an uneven surface can be
expected to differ from those of light reflected from a more even surface. Thus, the degree of surface
unevenness in the depressions and at the peaks can be detected based on capturing optical imaging data
and performing spectral (e.g. spectroscopic) analysis of the image data. From this, a layer-stamp
conformation quality pertaining to the imprintable layer 32 can be deduced and thus a quality of the
imprintable layer 32 deduced. This may be extrapolated to the quality of imprint composition.
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By way of example, the determining the conformation quality may comprise detecting
from the acquired optical image data a spatial color pattern or distribution exhibited by each pattern
section 16 of the stamp pattern (see description above with regards to the different pattern sections). The
method may then further comprise determining, based on the color pattern of each pattern section 16, and
based on knowledge of the width and/or depth of the at least one depression 24 of each pattern section, an
indicator of conformation quality.

More particularly, the method may comprise detecting from the color pattern for each
pattern section 16 a color variation pattern across a width of at least one depression 44 of the pattern
section. For each pattern section, a color uniformity metric may be determined, representative of a degree
of color uniformity across the width of the at least one depression based on said detected color variation
across the width of the depression. The conformation quality indicator may be determined based on
comparing the color uniformity metric of each pattern section against a pre-defined standard, such as a
threshold range. For example, a completely flat depression base may indicate optimal conformity, and this
might be associated with a fully uniform color pattern (high color uniformity metric). A threshold level of
color uniformity could be set which is associated with an acceptable (within tolerances) degree of surface
non-uniformity, this corresponding to an acceptable conformation quality. In some examples, the
threshold level of color uniformity could be set based on color uniformity of a (flat) non-imprinted region
surrounding the pattern 42. In other words, color variation in the grooves of the grating pattern may be
compared with color variation in a flat area outside of the grating pattern.

A changing color across the width (e.g. along a horizontal direction in the plane of
drawing of Figs 3(c) and 3(d) and Figs 4A and 4B) of a given depression 44 indicates a non-uniform
surface of the layer 36 in this depression 44 which is causing an interference pattern resulting in color
variation of the reflected light due to non-uniformity of the height of layer 36 across the width. This layer
height non-uniformity is caused by excess material, due to restricted flow of the layer material into gaps
24 of the imprint pattern of the stamp. For example, with reference to Fig. 3(b), the arca of depression 44
would be first to experience issues with flow behavior, as the space between the stamp and wafer is the
smallest, which hinders material flow more than for example flow of material in the gap 24 where there is
more space. Thus, the resulting layer surface across area 44 would become convex, ¢.g. material in the
center of the depression is most difficult to flow out to the edge. While problems area encountered with
the areas 44, the areas 46 may still be flat and exhibit therefore a uniform interference color. Hence,
preferably the monitoring of quality uses at least the areas of depressions such as those depression 44 in a
test pattern. If flow becomes even more restricted due to e.g. increasing viscosity, then the areas 46 will at
some point also show problematic flow and in this case become convex as not enough material can be
supplied and so the stamp becomes deformed in these regions as well.

In some examples, determining the conformation quality indicator may comprise
identifying the maximum depression width, among the differing depressions widths of the plurality of

pattern sections, for which the corresponding color uniformity metric meets said pre-defined standard. In
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other words, the widest depression width which still results in an acceptably even layer thickness is
identified.

In some examples, determining the conformation quality indicator may comprise, for
cach pattern section, determining from the color variation pattern across the width of the at least one
depression of the pattern section a degree of height non-uniformity across a base of said at least one
depression based on an assumption that the color variation is indicative of a thin-film interference pattern
of incident light through the imprintable layer.

Instead of, or in addition to, analyzing the color uniformity of a depression, the color
uniformity of a peak of the pattern may be analyzed.

More particularly, the method may comprise detecting from the color pattern for each
pattern section 16 a color of a non-imprinted region surrounding the imprint pattern 42.

In some examples, the color uniformity of the non-imprinted region surrounding the
pattern 42 may be used as the reference against which the color uniformity of the depression 44 and/or
peak 46 are compared. A non-imprinted region preferably has no features 22 and so during the imprinting
this region is little affected by the imprint step. Thus, the non-imprinted region can be expected to be flat
(i.e., uniform surface height) because of the initial deposition process of the imprintable layer 32 (e.g.,
spin coating, blade coating or other). Thus, the color uniformity of this region can be compared with the
color uniformity of the base of the depressions and/or the color of the top of the peaks to determine a
degree of surface height non-uniformity.

It is noted that the different depths 27 in the stamp pattern shown in Fig. 2 may enable the
same stamp to be used for testing imprintable layers of different thicknesses. Determining conformation
quality for an individual layer may require analysis of the color patterns of pattern sections of only a
single depth.

In some examples, a color pattern or distribution at both the peak(s) 46 and depression(s)
44 of each pattern section may be detected, and this can provide additional information. A color
uniformity of both the peak and depression may be determined. Initial effects of hindered material flow
will present first at the lower parts 44 of the pattern and later in both the lower 44 and high parts 46. By
inspecting the non-uniformity in the high and low parts of the pattern, a conformation quality can be more
precisely assessed.

It is noted that a surface height non-uniformity tends to be concave at the base of the
depression 44, but tends to be convex at the top of a peak 46. During imprinting, the material flows from
the areas that protrude in the stamp to the areas that are elevated. If, due to material properties of the
layer, the flow is hindered, the material at the protruding stamp cannot be squeezed out fully, and the
rubber stamp deforms under capillary forces and becomes curved. At the edges of the patterns, material
only needs to flow a short distance, so the full height and deepest pattern depth is most easily reached.

From the center of the protrusion / depression the material needs to flow over the longest distance and so
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this is hindered most. If the viscosity is too high, not all the material will be able to flow or be transported
between the stamp and the substrate and this causes the convex / concave surface relief patterns.

Although the above descriptions refer to capturing a color pattern and a color of the
depressions and peaks, more generally, the method may comprise capturing a spectral pattern, and
spectral characteristics of a portion of the pattern corresponding to the depression and peaks.

The method may comprise determining a quantitative conformation quality indicator.
This might be computed based on determining a degree of color non-uniformity across a width of each of
the depressions 44 or peaks 46 of the imprint pattern 42. The degree of color non-uniformity across
depression widths of each grating pitch may then be compared with one or more pre-determined
thresholds for that pitch to derive an indicator of layer-stamp conformation quality. For example, a lookup
table may record a set of different thresholds corresponding to different quantitative values of the
conformation quality indicator.

A reference color pattern may be measured and stored at the start of a manufacturing lot
using a set of imprint conditions and a test imprint cycle. During subsequent imprint cycles on further
substrates one or more color patterns of the test patterns may be measured and compared to the reference
color pattern. It may then be determined (optionally after verification that imprint conditions have not
changed with respect to those during the definition of the reference color patter) that if the deviation
exceeds a threshold a quality is too low for continuation with the same resist. At that point an indication
of resist change is given. Alternatively, imprint conditions may be changed such that the effects of altered
resist characteristics may be compensated to an extent desired.

It is noted that the above method, including the application of the stamp, the curing, and
the acquisition of the optical data should be performed under controlled environmental conditions: e.g.
controlled humidity, pressure, and/or temperature. If the material of the imprintable layer is light
sensitive, the light intensity conditions should also be controlled.

By way of illustration, Fig. 4 shows two example sets A, B of optical image data of a
series of test patterns 2 to 256, for two sample imprintable layers 32 imprinted with a test stamp 12 in
accordance with embodiments of the present disclosure. The numbers 2 to 256 indicate test pattern period
all for as single feature depth value. Image data set B corresponds to a first sample 4 hours after curing,
left at a temperature of 20°C. Image data set A corresponds to a second sample 24 hours after curing
(aged), again left at a temperature of 20°C. The two image data sets are labelled (top) in accordance with
the period (in microns) of each grating.

In the first sample image data B, there is good color uniformity across line widths (and
therefore good layer quality) for grating periods of up to a maximum of 32 micron (32 and smaller show
uniform color across each line width). While for the second sample at 24h, the material viscosity is higher
(due to the aging), and the color uniformity across line widths is only good up to a maximum period of 8
microns. Note that in image data set A for example in test section 16, 32, 64, 128 and 256 the depressions

and peaks have similar darker color while the edges of the depressions/peaks show a lighter color
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variation indicative of the situation wherein depressions and peaks have the convex and concave profiles
as resembled by Fig. 3(d). In the corresponding test pattern 16 and 32 of image data set B, colors of
depressions and peaks are different and color differences within depressions or and within peaks are less
as expected for a situation resembled by Fig. 3(c).

This experiment demonstrates the principle that layer viscosity, and therefore layer-stamp
conformation quality, is detectable in the color pattern uniformity upon illumination of the imprinted
layer. Finding the maximum depression width at which the color uniformity is high, provides an index of
layer conformation quality.

The image data sets have been reproduced in black and white for this application, but in
practice would contain full color information. Their representation here is for purposes of illustration,
albeit limited in view of the black and white reproduction.

Each image data set represents a stamp which includes a plurality of pattern sections,
cach comprising a line grating having a different respective pitch. The line grating pitches vary from 2 um
to 256 pum in each sample.

Fig. 5 shows an exemplary method 500 as disclosed herein. In step 510 a first substrate
coated with an imprintable layer is imprinted with a stamp having a test pattern as disclosed herein. For
example, a substrate and stamp as described with reference to Figs. 3(a) to 3(d) is used in a SCIL process
as described herein above. The imprinting may be done using systems and devices as described herein for
SCIL. During the step of imprinting (Figs. 3(a) and 3(b), the imprint conditions, such as environmental
temperature, pressure and preferably humidity are kept constant and may be determined according to need
using methods known in the art. The data may be stored in a memory of a computer or other data
processor. The result of the imprinting is an imprinted layer such as represented by layer 36 on substrate
34 of Fig. 3(c).

In step 520 one or more test pattern areas within imprinted layer 36 are analyzed. This
comprises optical investigation as described herein to measure color variations across depressions and/or
peaks of the test patterns. To this end a camera and/or spectrometer may be used to record and/or analyze
images or parts thereof. Any images may be stored on the memory of the computer or other data
processor. Standard colorimetry methods and principles may be used to determine color of specified parts
of the test patterns. The data may be stored in the memory of a computer or other data processor. The
colorimetry may be performed across a test pattern depression and/or peak or multiple of those. In some
examples the analysis comprises the generation of the quality indicator representative of a color variation
over a part of a depression and/or peak. This indicator may be used and optionally stored as a reference
quality indicator if the color variation is considered acceptable or representative of an imprint pattern
according to accepted specifications. Hence such reference images, reference color variations and
reference indicator may be used as a threshold of minimum quality of imprintable layer.

In step 530, further substrates with further imprintable layers are imprinted using the

conditions and imprint composition as defined for the reference imprint layer. During the further imprint
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cycles further one or more test patterns are analyzed as described for the step 520. Separate test substrates
may be used, but alternatively, or additionally, the test patterns may be part of actual production stamps.
The latter allows a mor efficient use of time during manufacture and also allows comparison of test
results to actual production feature patterns also present on such substrates. The further test pattern
images, analyses and quality indicators may be stored in the memory and/or are compared to the
corresponding ones of the reference test pattern. The results may again be stored in the memory. If the
comparison reveals the result to exceed the quality threshold, (¢.g. higher quality indicator than minimum
quality indicator) the further imprinting of imprintable layers may be allowed to continue. Conversely, if
the comparison reveals the further test pattern results to be below the quality threshold, a warning may be
generated and stored and/ or output to a user or operator. Alternatively, the imprint cycles may be
interrupted until imprint composition has been changed or imprint conditions have been altered.

Any of the analyses results may be output to a user using a suitable output interface such
as a display interface connectable to the computer or other data processor. The computer or other data
processor may be part of an imprint apparatus such as a SCIL imprint apparatus or system.

Any one of the methods disclosed herein may be embodied in computer or data processor
executable code. Such code may be part of computers or data processors suitable for or configured to
control imprint systems and/or optical imaging systems for imprint systems. The code may be stored on
non-transient media such as optical memory (CD; DVD; Blue-ray or the like) as known in the art; electric
memory (EPROM, EEPROM; Flash; SRAM; DRAM or the like) as known in the art; or as magnetic
media such as magnetic hard disk as known in the art. Other storage methods may also be used.

The computer or other data processor may be one designed according to principles known
in the art having processing circuits that can communicate with the memory via communication busses
and protocols as known in the art. The processing circuits are configured to execute the code and allow
users to enter controls and store results of analyses as described herein as well as generated and cause
output of such results to users via suitable output interfaces such as for example one or more displays as
known in the art.

Variations to the disclosed embodiments can be understood and effected by those skilled
in the art in practicing the claimed invention, from a study of the drawings, the disclosure and the
appended claims. In the claims, the word "comprising" does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality.

The mere fact that certain measures are recited in mutually different dependent claims
does not indicate that a combination of these measures cannot be used to advantage.

If the term "adapted to" is used in the claims or description, it is noted the term "adapted
to" is intended to be equivalent to the term "configured to".

Any reference signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. A quality control method for use in imprint lithography, the method comprising:

using a patterned stamp (12) for patterning an imprintable layer (32), the stamp
comprising a pliable stamp layer (14) carrying a pattern of relief features which define a stamp pattern,

wherein the stamp pattern comprises a plurality of pattern sections (16), the pattern
sections spaced from one another, and wherein each pattern section comprises pattern features (22) for
forming at least one depression (44) of a respective width which is different compared to that of the other
pattern sections;

applying the stamp to an imprintable layer (32) disposed on a substrate (34), the
imprintable layer comprising a curable imprintable medium, whereby the imprintable layer is induced to
conform to the stamp pattern;

acquiring optical imaging data of the formed imprint pattern in the imprintable layer;

deriving, based on the optical imaging data and based on knowledge of the differing
depression widths and/or depths of the pattern sections, a conformation quality indicator indicative of
layer-stamp conformation quality; and

optionally, providing the conformation quality indicator to a user.

2. The method of claim 1, wherein each pattern section (16) comprises relief features (22)
which define a respective grating of parallel lines for forming line depressions (44) in the imprintable
layer (32), the grating having a grating pitch and a grating duty cycle which together define a uniform
grating line width of each of the line depressions, and a grating depth which defines a depth of each of the

line depressions.

3. The method of claim 2, wherein the grating of each of the plurality of pattern sections
(16) has a different respective line pitch compared to the other pattern sections, the different respective

line pitch resulting in a different grating line width compared to the other pattern sections.

4, The method of claim 3, wherein the plurality of pattern sections (16) include at least a
first set (18a) of two or more gratings, and a second set (18b) of two or more gratings, the gratings of the
first set comprising lines of a first depth, and the gratings of the second set comprising lines of a second
depth, and wherein each of the first and second sets of gratings include gratings respectively of a plurality

of different line pitches and/or grating duty cycles.
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5. The method of any of claims 2-4, wherein the grating line width of each grating is
between 0.5 and 200 micrometers.
6. The method of any of claims 1-5, wherein the determining the conformation quality

indicator comprises

detecting from the optical image data a spatial color distribution or pattern exhibited by
cach pattern section, and

determining based on the color pattern of each pattern section, and based on knowledge
of the width and/or depth of the at least one depression of each pattern section, an indicator of

conformation quality.

7. The method of claim 6, further comprising detecting from the color pattern for each

pattern section a color variation pattern across a width of the at least one depression.

8. The method of claim 7, further comprising determining for each pattern section a color
uniformity metric representative of a degree of color uniformity across the width of the at least one

depression based on said detected color variation across the width of the depression.

9. The method of claim 8, further comprising determining the conformation quality
indicator based on comparing the color uniformity metric of each pattern section against a pre-defined

standard, such as a threshold range.

10. The method of claim 9, wherein the determining the conformation quality indicator
comprises identifying the maximum depression width, among the differing depressions widths of the
plurality of pattern sections, for which the corresponding color uniformity metric meets said pre-defined

standard.

11. The method of any of claims 8-10, further comprising detecting from the color pattern for
cach pattern section a degree of color uniformity of one or more of: a peak of the imprint pattern section,

and a non-imprinted region surrounding the pattern.

12. The method of claim 11 in combination with claim 9, wherein, for each pattern section,
the detected degree of color uniformity of the peak of the imprint pattern section or of the non-imprinted

region surrounding the pattern is used as said pre-defined standard.

13. The method of any of claims 7-11, wherein determining the conformation quality

indicator comprises, for each pattern section, determining from the color variation pattern across the
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width of the at least one depression of the pattern section a degree of height non-uniformity across a base
of said at least one depression based on an assumption that the color variation is indicative of a thin-film

interference pattern of incident light through the imprintable layer.

14. The method of any of claims 1-13, wherein the stamp is a Substrate Conformal Imprint

Lithography (SCIL) stamp.

15. An imprint lithography stamp (12) having a patterned surface for patterning an
imprintable layer (32), the stamp comprising a pliable stamp layer (14) carrying a pattern of relief features
(22) which define a stamp pattern,

wherein the stamp pattern comprises a plurality of pattern sections (16), the pattern
sections spaced from one another, and wherein each pattern section comprises pattern features (22) for
forming one or more depressions (44) of a respective width and/or depth which is different compared to

the other pattern sections.

16. The stamp of claim 15, wherein each pattern section comprises relief features (22) which
define a respective grating of parallel lines for forming line depressions (44) in the imprintable layer, the
grating having a grating pitch and a grating duty cycle which together define a uniform grating line width

of each of the line depressions, and a grating depth which defines a depth of each of the line depressions.
17. A computer program product comprising computer readable code which when run on a
computer or other data processor when coupled to an imprint system having an optical imaging device to
control the imprint system to perform the method of claims 1 to 14.

18. A non-transient medium comprising the computer program of claim 17.

19. A computer or data processor having a memory comprising the non-transient medium as

claimed in claim 18.

20. An imprint system comprising the non-transient medium of claim 18 and/or the computer

or data processor of claim 19.
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