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Individual beam pattern placement verification in multiple beam lithography.

@ Methods and systems for verification of a mark
formed on a target surface during a multiple beam
lithography process, and for verifying beam position )
of individual beams on the target surface based on e
mark verification are disclosed. A mark can be verified
by scanning an optical beam over the mark and
measuring the reflected optical beam and the position
of the target with respect to the optical beam. By
comparing the intensity of the reflected light as a
function of distance over the mark with reference
mark data representing an intended definition of the
mark, and any deviations between the measured
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INDIVIDUAL BEAM PATTERN PLACEMENT VERIFICATION IN MULTIPLE BEAM LITHOGRAPHY

TECHNICAL FIELD
The disclosure relates to methods and systems for verification, including verification of marks
formed by multiple beam lithography, individual beam pattern placement and individual beam

positions on a target surface in a multiple beam lithography apparatus.

BACKGROUND

In multiple beam lithography, such as charged particle beam lithography, small structures may
be formed with high accuracy and reliability. In charged particle lithography charged particles are
directed onto a target surface, typically a wafer surface, to form patterns which may form the basis for
integrated circuits and components thereof. In multiple beam lithography the pattern formed on the
surface is determined by the position where each individual beam interacts with the resist on the
surface.

Lithographic processing generally involves multiple exposures of layers, so that features formed
in subsequent layers may be connected to create an integrated circuit. Therefore, not only each pattern
itself has to meet the required accuracy, but it is also a requirement that a pattern exposed in a later
exposure session is aligned with the one or more patterns created in earlier exposure sessionsin a
sufficiently accurate manner.

While in optical lithography the pattern is formed by illumination of a target surface through a
mask, the accuracy and quality of the resulting pattern influenced by the accuracy of the mask, in
multiple beam lithography the pattern is determined by the position where each individual beam
interacts with the surface. In multiple beam lithography it is therefore of importance that each
individual beam is correctly positioned, such that it impinges at the intended position on the surface in
order that the intended pattern is formed. This is often referred to as pattern placement accuracy.

Various technologies for measuring beam properties and pattern placement properties have
been developed.

US 2012/0268724 Al describes methods and systems for aligning the target with the optical
column of a multiple beam lithography apparatus. Further, determination of a spatial distribution of
beam properties is described, using a beam measurement sensor positioned on the chuck.

US 7,868,300 B2 and US 2012/0293810 A1 describe methods and systems for measuring beam
properties using a sensor having a surface comprising beam blocking and non-blocking regions, also
known as knife edge measurements. The sensor surface may be positioned at a position corresponding

to the position of the target surface during lithography.
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Although methods and systems described in the documents cited above enable measurement
of beam properties, such as spatial distribution of beams, these do not enable verification of the
pattern placement accuracy.

US 2003/0046821 Al and US 2003/0215965 A1 describe systems and methods for measuring
the position of reticle patterns in projection type lithography systems. EP 2 131 243 A2 describes
measuring a property of an extended pattern on a substrate, in a lithographic apparatus, and using the
results of the measurements for calibrating a stage position. These publications however do not
present a solution enabling verification of pattern placement accuracy for multi-beam lithography

systems.

A known method for verifying the result of a lithography process is offered by scanning electron
microscopy (SEM), such as critical dimension SEM (CD-SEM). In CD-SEM the CD-uniformity can be
verified by measuring dimensions of features formed on the surface. While SEM offers high enough
resolution for studying dimensions of interest in semiconductor technology, the field of view is limited
to surface areas with dimensions of a few um? Therefore, it is not possible to observe a pattern having
contributions from each individual beam used during the multiple beam lithography. In order to verify
pattern placement accuracy for all beams, the measurement procedure has to be repeated for several

measurement areas. The CD-SEM method is therefore time consuming.

SUMMARY

In multiple beam lithography, it would be advantageous to be able to verify the position of each
individual beam on the target surface. It is an object of the present disclosure to provide a method and
a system for verifying the position of each individual beam on a target surface in a multiple beam
lithography apparatus. It is further an object to provide a method and a system for verifying marks
formed by multiple beam lithography. A further object is to sort wafers or portions of wafers based on
the verification of such marks.

According to the present disclosure, verification of beam positions in a multiple beam
lithography apparatus, i.e., individual pattern placement accuracy determination is performed by
verifying a mark formed on the target surface by the lithography apparatus. An incorrect position of
one or more beams will cause corresponding portions of the mark to deviate from specifications of the
mark. Determining the presence and location of such deviations enables identification of incorrectly
positioned beams. The measurements may be performed within the lithography apparatus. Thereby

individual beam pattern placement accuracy may be determined with high accuracy within a short
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amount of time. The solution presented herein therefore offers a considerable time saving compared

to SEM measurements.

A method for verification of a mark formed on a target surface during a multiple beam
lithography process is disclosed. The method comprises the following steps:
- mark measurement, comprising:
- directing, and preferably focusing, an optical beam onto the target surface;
- measuring a reflected optical beam generated by reflection of the optical beam by the surface;
- moving the optical beam and the target with respect to one another such that the optical beam
is scanned over at least one scan line across at least a portion of the mark in a direction parallel
to a first axis;
- measuring an intensity of the reflected optical beam as a function of position along the scan
line; and
- obtaining a measured representation of the mark, the measured representation comprising intensity
as a function of position along the scan line and/or parameters calculated from said intensity;
- comparing the measured representation with reference data representing an intended definition of
the mark and determining any deviation or deviations between the measured representation and the
reference data.
The mark, or pattern, comprises features having dimensions which may be resolved by the optical
beam reflection measurement. It may comprise a pattern or pattern portion designated for this
purpose. In particular, the mark may comprise features each formed by one individual beam.

The method allows for verification of a mark, within a short time. Typically, an optical scan line
over the mark may take a few seconds, on the order of 1-10 seconds.

The first axis may be an axis perpendicular to stripe areas on the target surface. A stripe is an
area intended for writing by one single beam during a multiple beam lithography process, aligned with
the long stroke direction in a multiple beam lithography apparatus, the long stroke direction being the
direction along which the target is scanned during patterning of the target.

The optical beam is reflected by areas having different reflectivity, appearing in the resist layer
after development depending on whether or not the resist layer areas have been exposed during the
lithography process, and/or areas having topography variations, e.g. resulting after etching of the
target surface, giving rise to intensity variation in the reflected optical beam. Differences in reflection
coefficient and/or topography typically results from one or more semiconductor processing steps of the
exposed target surface. A pattern may be visible in the resist layer after development of the resist

layer. Alternatively, measurements may be performed after etching of the semiconductor surface, the
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etching being subsequent to development and partial removal of the resist layer, giving rise to height
variations on the target surface. Alternatively, the measurement may be performed after deposition of
one or more layers on the target surface, subsequent to resist development, and possibly etching of the
surface. The surface treatment after which mark measurement is performed may be a matter of choice
depending on, for example, properties of the resist used, and/or the kind of processing steps intended
for the specific target. Thereby, verification of a mark and pattern placement verification can be
performed at various stages of the semiconductor processing of the target surface. The target surface
may be moved relative the optical beam using a target actuator, and the relative position, or at least a
change in the relative position, may be measured, for example by an interferometer arrangement, or
be deducted from actuator control and/or feedback data.

The measured representation may comprise distances between adjacent maxima or minimain
a graph of intensity versus position on the mark. Parameters calculated from the intensity may
comprise distances between, or dimensions of, different features of the mark. If all detected deviations
between data obtained from the measurements and reference data, i.e. the specification of the mark,
are smaller than a limit value, the mark may be considered to comply with its specification and may be
verified. If there is at least one deviation which exceeds the limit, the mark is considered not to comply
with the reference, and may be considered not verified.

If one or more of the deviations is not within a predetermined limit, error position data may be
determined, specifying positions where the measured representation deviates from the reference data
by more than the predetermined limit. Coordinates specifying error positions in two dimensions may
be determined. From the error position data, incorrectly positioned beams in the multiple beam

lithography apparatus having written the mark may be identified.

The optical beam preferably comprises monochromatic light in the visible light range. It may
comprise laser light, preferably having a wavelength in the range of 600-650 nm, preferably 630-635
nm. The laser light may be coherent or incoherent. An advantage with incoherent light may be less
sensitivity to vibrations or other noise in the system. The wavelength may be chosen to enable high
resolution while at the same time limiting influence on the resist layer caused by the optical beam. The
optical beam is preferably focused onto the surface, typically to a spot having a diameter of about 1
pum, or 600 nm, or any value there between. Preferably, the optical beam is directed toward the surface
at an angle of substantially 90° with respect to a plane defining the target surface. Preferably, a o

order reflection of the optical beam from the surface is measured.
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The optical beam may be scanned over a plurality of substantially parallel scan lines. The
distance between adjacent scan lines may be of the same order of magnitude as a stripe width. The
measured representation may be obtained by calculating distances between adjacent features
comprised within the mark, calculating the distance between all of the features within the scan lines,
and calculating the distances for each scan line. By performing a plurality of scan lines different areas or
portions of the mark may be measured. Thereby mark verification may be performed with higher
accuracy. The distance between scan lines may be determined by measurement of the relative position

and/or movement of the target with respect to the optical system.

The method may comprise forming a mark on said target surface using a multiple beam
lithography apparatus and determining individual beam pattern placement accuracy based verification
of the mark, and determining that one or more of the beams within the multiple beam lithography
apparatus are incorrectly positioned if one or more of the deviations is not within the predetermined
limit. The step of forming a mark comprises lithographic patterning and subsequent surface treatment
of the target surface. Such surface treatment comprises steps known in semiconductor fabrication, e.g.
one or more steps of resist development, etching, deposition of one or more materials, material
implantation, etc. If any deviations are all within the predetermined limit, the beams are determined to
be correctly positioned on the target surface. The measurement may be performed within the
lithography chamber, after semiconductor processing of the patterned target surface. Semiconductor
processing of the target surface may be any one or more of steps such as resist development, partial
removal of resist layer, etching of the exposed semiconductor surface, deposition of one or more
materials on the exposed, and eventually etched, semiconductor surface, etc, known in semiconductor
industry. The mark measurement is thus performed after processing of the target outside of vacuum.
Mark measurement may be performed prior to a following lithographic exposure session of the target
surface. Alternatively or analogously, patterning, surface treatment, and measurement may be
performed as an initial calibration or lithography tool verification process, prior to the intended
patterning.

Incorrectly positioned beams may be identified using the error position data. Since each feature
within the mark may be associated with an individual beam having written this feature, any error
detected in the mark may be associated with a specific individual beam. Since preferably all beams are
represented in the mark any incorrectly positioned beams can be identified.

The mark, also referred to as test mark, preferably enables verification of individual beam
positions in two dimensions on the target surface for each beam used for forming the mark, for each

beam used in the lithography apparatus. The mark preferably comprises at least one feature formed by
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each individual beam, enabling verification of beam position along the first axis, the features further
enabling, or additional features formed by each individual beam enabling, verification of beam
positions along a second axis, substantially perpendicular to the first axis. The mark thus comprises
individual features formed by each individual beam.

The one or more scan lines may extend over a plurality, preferably all, features comprised in
the mark. By scanning the optical beam over all lines comprised in the mark, the position of each beam
used for forming the test mark may be verified.

The mark may comprise a number of lines each formed by one beam during the multiple beam
lithography. The number of lines preferably corresponds to at least the number of beams used during
the lithography. The mark may comprise:

- a first portion wherein the lines form straight parallel line portions oriented at an oblique angle a with
respect to the first axis,

- a second portion wherein the lines form straight parallel line portions oriented perpendicular to the
first axis, and

- a third portion wherein the lines form straight parallel line portions oriented at an oblique angle a+90°
with respect to the first axis. The angle a preferably has a value of substantially 45°. The portions
defined above may alternatively be arranged in a different order.

Preferably, each beam used during the multiple beam lithography is represented in the first,
second and third portions of the test mark. The extension of the different portions along a second axis,
perpendicular to the first axis, are preferably of the same order of magnitude as the stripe width, which
is typically about 2 um. The extension of the mark along the second axis may be, at least, around 5 to
10 um. By forming the mark with a certain extension along the second axis and performing scans at
different positions along the second axis, effects due to wafer processing, such as step height variation,
CDu, etc., can be averaged out.

The lines may have a dimension in the first direction comparable to the size of the optical beam
spot. For example, the lines may be 1pum wide, which typically corresponds to half the stripe width. The
lines may be positioned substantially in the center of each stripe. The lines may thus be patterned by
the individual beams being deflected, to a limited amount, around their central position during
patterning.

A first scan line may be performed within the first portion, a second scan line within the second
portion, and a third scan line within the third portion. Alternatively, the scan lines may be performed in
a different order. A position of a beam along the first axis may be determined from the intensity
measured along the second scan line, over line portions oriented along the second axis. By combining

the intensity values measured along the second scan line and the first and/or third scan line a position
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of the beam along the first axis and the second axis are determined. Measurement data from a scan
line over the second portion in combination with a scan line over one of the first or third portions may
be sufficient to deduct beam position along the second axis. In principle, it would therefore be
sufficient for the mark to comprise those regions. However, using an additional region, with the
diagonal lines oriented in the opposite direction, provides redundancy and may provide more accurate
pattern placement measurement. Preferably, the positions are verified for each beam used for forming
the test mark.

The line portions oriented at an angle o with respect to the first axis, also referred to as
diagonal lines, may be used for verification of beam position along the second axis. A position error of a
beam along the second axis of a beam direction will lead to a shift —d in one diagonal line and a shift of
+d in the oppositely oriented diagonal line. Thereby, by writing two diagonal line parts, oriented
substantially perpendicular to one another, a position error along the second axis of a beam may be
deducted from optical scans over these line parts. From the straight line portion, i.e. the line portion
oriented perpendicular to the first axis, beam position along the first axis may be deducted. Thereby,

two-dimensional pattern placement verification may be performed.

The mark measurement may be performed within a multiple beam lithography apparatus.
Verification of beam positions on the target surface may thus be performed within the lithography
apparatus. The measurements may be performed using a sensor which may already be present in the
lithography chamber. In particular, a sensor for measuring alignment marks may be used. The target
may be positioned on a target support, and the target support actuators present in the lithography
apparatus may be used for moving the target with respect to the optical beam such as to perform one
or more scan lines over the mark.

Features in the mark may be related to individual beams by determining a position of the target
with respect to a lithography apparatus reference point. A central axis of the lithography optical
column, and especially its point of coincidence with the target surface, may define the lithography
apparatus reference point. A relative position of the target with respect to the target support may be
determined, and a relative position between the target support and the lithography apparatus
reference point may be determined. A relative position between the target and the lithography
apparatus reference point may thereby be determined. One or more of these relative distances may be

taken into account for relating features of the mark to one or more beams.

Since beam positions on the target surface provides the largest contribution to stitching

properties, i.e. pattern correctness in boundary regions between adjacent stripes, verification of beam
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positions as described herein provides for verification of stitching properties. The method may
comprise verifying overlay. In order to enable overlay verification, the mark comprises a first set of
features formed in a first layer and a second set of features formed in a second layer, whereby the
second layer is formed on top of the first layer. The different sets of features may be formed in
subsequent exposure sessions. Overlay can be verified by measuring the relative position of features in
the first set with respect to features in the second set of features, and comparing the measured relative
positions with reference data specifying the intended relative position. As above, distances between

features may be measured.

The method may comprise performing calibration and/or compensation of incorrectly
positioned beams. Parameters of one or more electron optical components controlling the incorrectly
positioned beam may be modified, for example to recalibrate beam position, and/or blanking
incorrectly positioned beams. Compensation may be realized by changing the pattern specification
data, such that one or more correctly positioned beams are used to write the features which should

have been written by the incorrectly positioned beam.

The mark verification method may be used for sorting wafers, or portions thereof, comprising
one or more marks formed in a multiple beam lithography process, based on verification of the mark.
One or more test marks may be positioned in one or more areas on the wafer surface which are not
used for formation of dies and/or microelectronic circuits. For example, marks may be formed in
regions comprising an area first scanned and a final area scanned during a lithography process,
respectively. The mark may extend over an area associated with a row of die areas on the wafer. The
mark may be formed along the full width of the wafer. The portions of the wafer may be sorted,
marked or otherwise indicated for further processing or rejection based on whether or not any
deviations within associated marks are within said predetermined limit. Further processing of the wafer
may comprise any fabrication step present during semiconductor wafer processing. Individual die areas
may thus be sorted based on whether associated test marks comply with test mark specifications. If a
test mark formed on the target surface does not correspond to reference data, this may indicate that
other patterns formed on the wafer during the lithography process also do not comply with
specifications. Further testing, such as electronic testing of dies, may be obsolete.

Mark measurement may be performed in a separate chamber, arranged separated from, e.g.
downstream, the lithography apparatus. By using a separate chamber the measurement may be

performed without influencing the throughput of the lithography apparatus. All wafers processed in
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the lithography system may be subjected to measurement, or samples out of a batch may be

measured.

Alternative to the above, a mark as described above written on the target surface, in particular a mark
having contributions from individual beams, may be verified by photographic and image processing
methods. For this alternative process, a camera enabling very high resolution is required. The distances
between individual features may be deducted from a highly magnified photo and compared to
reference data as described above. This may be performed by image analysis. However, such methods
put high requirements on the camera, e.g. in terms of resolution and accuracy. Furthermore, this
technique is sensitive to noise.

The herein described method of measuring the reflection of a light beam scanned over the
mark offers a higher signal to noise ratio, and thereby a more accurate measurement. Furthermore, it
can be performed using sensors already present in the lithography chamber, which offers a less

complex system.

A system for mark verification, in particular for individual beam pattern placement accuracy
determination and/or wafer sorting, is described below. This system is preferably configured to
perform one or more of the methods described above. The advantages and alternatives described

above therefore analogously apply to the system.

A system for verification of a mark formed on a target surface by a multiple beam lithography
process is disclosed. The system comprises:
- a mark measurement unit, comprising:
- an optical system for directing, and preferably focusing, an optical beam onto the target
surface and receiving a reflected optical beam generated by a reflection of the optical beam by
the surface, and for generating an intensity signal representing an intensity of the reflected
optical beam;
- a target support for supporting the target; and
- an actuator for moving the optical system and the target support with respect to one another
along at least a first axis, such that the optical beam is scanned along at least one scan line over
at least a portion of the mark;
- a control unit configured to:

- receive the intensity signal,
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- receive a position signal representing a position of the target with respect to the optical

system,

- register the intensity signal as a function of the position signal,

- obtain a measured representation of the mark, the measured representation comprising the

intensity as a function of position and/or parameters calculated from the intensity values,

- compare the measured representation with reference mark data representing an intended

definition of the pattern and determining any deviation or deviations between the measured

representation and the reference mark data,

wherein the control unit is configured to verify positions of beams on the target surface during

a lithography process based on verification of a mark formed during the lithography process.
The optical system may be an optical system as described in US 2012/0268724 A1l and discussed with

below relation to FIG. 4.

The control unit may be configured to determine error position data specifying positions where
the measured representation deviates from the reference data by more than a predetermined limit.
The control unit may be configured to obtain the measured representation by calculating distances
between adjacent features comprised within the mark, as discussed above.

The mark measurement unit may be arranged in a vacuum chamber, such as a lithography
chamber to enable verification of a mark created by the lithography apparatus. The optical system may
be connected to a light source positioned outside the vacuum chamber. The control unit is preferably
also positioned outside vacuum.

The actuator may be adapted to enable relative movement of the optical system and the target
support also along a second axis, substantially perpendicular to the first axis. Thereby the optical beam
may be scanned over a plurality of scan lines. The actuator may be configured to actuate movement
along the second axis with an accuracy such that the distance between adjacent scan lines is on the

same order of magnitude as a stripe.

The mark verification system may comprise a plurality of optical systems, preferably arranged
in a row, substantially perpendicular to the first axis. Alternatively, the optical system may be
configured to direct a plurality of optical beams onto the surface and measure the reflection of each

optical beam.

The mark verification system may be configured for pattern placement accuracy determination.

Beam positions may be deemed to be correct if each of the deviations between the measured
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representation and the reference mark data is within the predetermined limit. The control unit may be
configured to identify incorrectly positioned beams based on error position data if one or more of the
deviations is not within the predetermined limit. The control unit may be configured to identify
incorrectly positioned beams by correlating the error position data with one or more beams in the
multiple beam lithography apparatus. By identifying which features of the mark are not complying with
the reference data and correlating these features with the beams having formed them, it can be
determined which beams are not correctly positioned on the target surface.

The control unit may be configured to identify incorrectly positioned beams based on
measurements on a mark allowing two dimensional pattern placement verification, as described above.
The control unit may be configured to perform any calculations and/or data processing necessary to

detect and identify any incorrectly positioned beams causing incorrect patterning of the surface.

The mark verification system may be configured for sorting wafers or portions of wafers
provided with one or more test marks, in particular according to the method described above. The
system may be configured to mark individual areas for further processing and/or rejection based on
whether or not deviations in a region of a test mark associated there with is within the predetermined

limit.

A multiple beam lithography apparatus, such as a multiple optical beam lithography apparatus
or a multiple charged particle beam lithography apparatus, such as a multiple ion beam apparatus or a
multiple electron beam apparatus, is disclosed. The multiple beam lithography apparatus comprises a
lithography chamber, a lithography control unit, and a system for verifying individual beam positions as
described above. The lithography chamber comprises a target support and a target support actuator
adapted to move the target support along at least said first axis. The lithography system control unit is
configured to control the multiple beam lithography apparatus, in particular to perform patterning of
the target according to pattern specifications, and comprises or is configured to communicate with the
mark verification control unit. The lithography control unit may be configured to control the
lithography apparatus to form a mark on the surface, and to verify beam positions of the surface based
on measurements on the mark. The mark may be a mark allowing verification of positions of individual

beams on the target surface in two dimensions, as described above.

The mark measurement unit may be arranged within the lithography chamber, the actuator
unit being the target support actuator. The target actuator is preferably adapted to move the target in

two dimensions during a lithography process, which may correspond to the first and second axis,
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respectively. Thereby, in situ measurements of marks formed by the lithography apparatus may be
performed, and beam position verification may be performed subsequent to lithographic patterning,
after semiconductor processing of the patterned target surface, as described above. The mark
measurement unit may be located close to the optical column of the lithography apparatus, for
example within a distance of 100 um from an outer exposure beam used for patterning the target.
Alternatively or additionally, the mark measurement unit may be arranged in a separate
chamber. Measurements and/or verifications of marks formed during a lithography processes may
thereby be performed independently from the lithographic process itself, such that lithographic
patterning of targets may be performed without any eventual delay caused by mark verification

measurements.

The lithography system may comprise an alignment sensor arrangement for determining and
controlling a relative position of the target support and the lithography apparatus reference point, for
example as described in US 2012/0268724 Al. The alignment sensor arrangement may comprise an
alighment sensor for aligning the target with respect to the electron optical system. The alignment
sensor may comprise the optical system of the mark measurement unit. The alignment sensor
arrangement may also comprise the actuator and/or the mark verification control unit. According to
the present disclosure, the alignment sensor may be used both for alignment of the target with respect
to the optical column and for measuring marks formed on the target surface by the lithography

apparatus in order to perform individual beam pattern placement accuracy verification.

The lithography control unit may be configured to perform compensation and/or calibration of
incorrectly positioned beams. As discussed above, the patterning strategy may be modified, such that
incorrectly positioned beams are permanently blanked and the intended pattern written by the

correctly positioned beams.

A computer program for verifying position of beams on a target in a multiple beam lithography
apparatus, especially in a lithography system described above, is disclosed. The computer program is
configured to:

- control the lithography apparatus to write a mark on a target surface,
- control an actuator to move the optical beam and the target with respect to one another such that
the optical beam is scanned over at least a portion of the mark,

- record the intensity as a function of position of the optical beam on the target,
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- determine a measured representation of the mark, the measured representation comprising intensity
as a function of position and/or parameters calculated from the intensity,

- compare the measured representation with reference mark data representing an intended definition
of the mark,

- determining any deviations between the measured representation and the reference mark data,

- if one or more of the deviations is not within the predetermined limit, determine error position data
specifying positions where the measured representation deviates from the reference mark data by
more than the predetermined limit, and

- identify incorrectly positioned beams based on the error position data.

The computer program may further be configured to control compensation of incorrectly positioned
beams. The computer program may be configured to control a lithography system control unit to
perform one or more of the methods described above. The computer program may be stored in the

lithography control unit or in a medium in communication therewith.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of the disclosure will be further explained with reference to embodiments shown in the
drawings wherein:

FIG. 1 schematically shows a multiple beam lithography system;

FIG. 2A and 2B schematically show a beam measurement sensor according to prior art;

FIG. 3 schematically shows a target alignment sensor arrangement in a multiple beam lithography
apparatus;

FIG. 4 schematically shows an optical system for mark measurement;

FIG. 5 schematically illustrates the principle of mark measurement;

FIG. 6 schematically illustrates the principle of relating the measured signal to features of the mark;
FIG. 7 schematically illustrates an embodiment of a mark for beam position verification;

FIG. 8 shows a flow chart of mark verification, beam position verification and/or wafer sorting;

FIG. 9A and 9B schematically illustrate wafer sorting;

FIG. 10 schematically shows examples of locations of test marks on a wafer surface.

DESCRIPTION
Various embodiments of the methods and systems for mark measurement and beam position
verification in multiple beam lithography according to the present disclosure are described below,

given by way of example only and with reference to the figures.
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FIG. 1 shows a simplified schematic drawing of an embodiment of a charged particle multi-
beam lithography system. Such lithography system is for example described in U.S. patent Nos.
6,897,458; 6, 958,804; 7,019,908; 7,084,414; 7,129,502; 7,709,815; 7,842,936; 8,089,056 and
8,254,484; U.S. patent application publication nos. 2007/0064213; 2009/0261267; US 2011/0073782
and US 2012/0091358, assigned to the applicant of the present application and hereby incorporated by
reference in their entirety. Although the lithography system is described below with reference to
electron beams, the teaching applies to other types of individual beams as well.

The multi-beam lithography system 1 illustrated in FIG. 1 comprises a vacuum chamber 2, also
referred to as lithography chamber, comprising an electron source 4 and an electron optical system 6
for forming and controlling beams 8 for patterning a surface 10 of a target 12, typically a silicon wafer
coated with an electron sensitive resist layer. The components of the electron optical system 6 are
aligned along an optical axis 14. An illumination optics module 16 comprising the electron source 4 and
a beam collimating system 18 generates a collimated electron beam 20. In an aperture array and
condenser lens module 22 the electron beam 20 is divided into a plurality of individual beams 8 which
are directed to a beam blanker array 24. The blanker array 24 cooperates with a beam stop array 26 to
blank beams 8 which are deflected by the blanker array, according to patterning data. Beams 8 which
are not deflected by the blanker array 24 are transmitted through the beam stop array 26. The
projection optics module 28, comprising the beam stop array 26, also comprises a deflector array
(scanning deflector) and a focusing array (not illustrated). The deflector array deflects beams 8 in order
to scan them over their respective writing areas, stripes, on the surface 10. The focusing lens array
focuses the beams 8 onto the target surface 10.

The target 12 is supported by a target support 30, here a wafer table 32 mounted on a chuck
34. A target support actuator 36 is provided for moving the target support 30 with respect to the
electron optical system 6, in particular with respect to the electron optical axis 14. The actuator 36 is
preferably configured to provide movement of the target along a first axis and a second axis, in a plane
substantially perpendicular to the optical axis 14. The actuator 36 may comprise a short stroke actuator
38 and a long stroke actuator 40.

A lithography control unit 42 is configured to control the lithography system, in particular the
electron optical system 6 and the target support actuator 36 for patterning the target surface according
to pattern specification data. The lithography control unit 42 may further be configured to control
beam position verification based on mark verification, according to the verification methods described
herein. Alternatively, the lithography control unit 42 may be configured to communicate with one or
more separate control units controlling verification measurements. Further, the lithography control

unit may be configured to perform and/or initialize compensation of incorrectly positioned beams
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and/or calibration of the electron optical system. The control unit 42 may comprise computer
programs, or communicate with media comprising programs, controlling specified functions or
methods when executed, such as target alighment measurements, target surface patterning, etc.
According to the present disclosure, the lithography system control unit 42 may control the
lithography system 1 to write a mark, for example a mark illustrated in FIG. 7, on the target surface,
perform optical measurements of the mark and determine compliance of the mark with mark
specification data, and based thereon determine whether or not the beams 8 interact with the target
surface 10 at the intended positions, i.e., verify individual beam pattern placement accuracy. If pattern
placement is found not to comply with specifications, the control unit 42 may control compensation of

incorrectly positioned beams and/or recalibration of the system.

FIG. 2A schematically illustrates a beam property sensor 50 for measuring charge particle beam
properties, described in US 7,868,300 B2. The sensor 50 comprises a converter element 52 provided
with electron blocking elements 54, and a light sensing element 56. Electrons impinging on the
converter element 52 are converted into light, which is measured by the light sensing means 56. As
illustrated in FIG. 2B measurement data from the light sensing element 56 may be provided to a
computational unit Cu which calculates correction data Cor. The correction data Cor is transferred to
correction means CM in order to control adjustment of the lithography system, e.g. of one or more

beams 8.

FIG. 3 schematically shows an alignment sensor arrangement 60 which may be arranged in a
multiple beam lithography apparatus 1. Such arrangement is known from US 2012/0268724 Al.

An interferometer sensor arrangement 62 for measuring a position and/or a movement of
target support 34 with respect to the electron optical column comprises a chuck position mirror 64
provided on a side surface of the chuck 34, a final projection system position mirror 66 provided on a
final portion of the electron optics system 6, and a differential interferometer 68. Preferably, two chuck
position mirrors 64 and two final projection system position mirrors 66 are provided, on respectively
perpendicularly oriented surfaces on the chuck and the projection system, respectively.

One or more alignment sensors 70 is provided for measuring and verifying positions of chuck
position marks and target position marks in order to provide accurate alignment of the target 12 with
respect to the electron optical axis 14. The alighment sensor may comprise an optical system as
illustrated in FIG. 4. The position of the target 12 may be adjusted by the target support actuators 36,
and the position of the chuck 34 relative to the electron optics 6 may be verified using the differential

interferometer 68. The lithography control unit 42 may be configured for controlling measurements
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and receiving and analyzing measurement data obtained with the alignment measurement
arrangement 60, and for controlling the actuators 36 such as to align the target 12 with the electron
optics 6. Alternatively, a measurement control and/or processing unit may be provided for this
purpose, in communication with the lithography control unit 42.

According to the present disclosure, the alignment sensor 70 may be used for measuring a
mark formed on the target surface 10 by the lithography system 1 for verification of individual beam

pattern placement accuracy within the lithography apparatus 1.

FIG. 4 illustrates an optical system 72 of the alignment sensor 70, which may be used for mark
measurements according to the present disclosure. As illustrated in FIG. 3 the optical system 72 may be
arranged within the lithography chamber 2. The target support actuator 36 may be configured for
moving the target 12 with respect to the optical system 72 in order to perform optical measurements
of the mark, preferably performing a plurality of parallel scan lines. For example, the short stroke
actuator 20 may provide movement of the target along the first axis S in order to scan the optical beam
86 over the mark formed on the target surface 10 by a plurality of electron beams 8 in a multi-beam
apparatus 1. The target 12 may be moved along a second axis L, perpendicular to the first axis S, using
the long stroke actuator 22.

Alternatively, the optical system 72, a target support and an actuator for relatively moving the
target support and the optical system may be arranged in a separate measurement chamber, for
example as illustrated schematically in FIG. 9B. The actuator may be provided for moving the target
while the optical system is kept at a fixed position, or, alternatively, for moving the optical system 72.
The optical system 72, the target support 30, and the actuator may form a mark measurement unit. A
dedicated control unit may be provided for controlling the measurement and performing calculations
for mark verification and/or pattern placement verification.

The optical system 72 illustrated in FIG. 4 comprises an optical fiber 74 for guiding light from a
light source 76, such as a laser, which may be located outside the vacuum chamber 2. The light 78
exiting the optical fiber may be collimated into a light beam 80 by a collimator 82. A beam splitter 84
deviates at least a portion of the light 80 to form an optical beam 86, which is focused to a spot 90 on
the surface by an optical lens 88. The optical lens 88 further directs the reflected optical beam 92 to the
beam splitter 84, which directs at least a part of the reflected optical beam 92 to an optical sensing
element 94, such as a photodiode. The optical sensing element 94 is connected to an analysis unit, for
example comprised in the control unit 42. The optical beam 86, 92 may be directed perpendicular to

the surface 10.
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The light source 76 may provide polarized light, in which case the beam splitter 84 may be a
polarizing beam splitter and two quarter wave plates 94, 96 may be provided, as described in detail in
US 2012/0268724 Al. Alternatively, other variations or embodiments of an optical system may be used

for mark measurement and pattern placement verification.

The measurement control unit 42, which may be comprised in the lithography control unit 42
or be in communication therewith, is configured to receive the measured intensity signal from the
optical sensing element 92 and to receive a position signal representing a position of the target with
respect to the optical beam 86, for example from an interferometer sensor arrangement 62 illustrated
in FIG. 3, and to register the intensity signal as a function of the position signal. Alternatively, the
position signal may be obtained from actuator control data. From the intensity signal as a function of
position on the target surface a measured representation of the mark may be obtained. The measured
representation comprises the intensity as a function of the position, and/or parameters calculated from
the intensity values as a function of position. The control unit is further configured to compare the
measured representation with reference mark data representing an intended definition of the mark,
and to determine any deviations between the measured representation and the reference data. The
control unit may be further configured to perform verification of individual beam pattern placement
accuracy based on the mark verification. Incorrectly positioned beams can be identified by correlating
the error position data with one or more beams 8 in the multiple beam lithography apparatus 1. The
lithography control unit 42 may be configured to perform compensation or calibration of incorrectly
positioned beams based on error position data. Alternatively or additionally, a signal may be provided

to a user, indicating that one or more incorrectly positioned beams have been identified.

FIG. 5 schematically illustrates the principle of mark measurement according to the present
disclosure. As illustrated in FIG. 5 an optical beam 86 is directed onto the target surface 10, preferably
focused to a spot 90, and scanned over a mark or pattern 98 formed on the surface 10. The optical
system may be arranged such that the optical beam 86 is substantially perpendicular to the plane
defined by the target surface 10, whereby the direct reflection 92 is measured. As the beam 86 is
scanned over the mark 98 the intensity of the reflected beam 92 is measured, in particular as a function
of position along the scan line, for example as function of the relative movement of the beam 86 and
the target 12. The intensity of the reflected beam 92 will vary depending on topography and reflectivity
of the pattern 98. In FIG. 5, for illustration, the pattern 98 is illustrated as height differences of the
target surface 10. However, it is understood that the pattern 98 may equally well be represented by

differences in reflectivity of the target surface. Differences in reflection coefficient may arise by
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processing of the target surface, as conventional in semiconductor fabrication, such as one or more of
the steps of resist development, (partial) resist removal, etching of the target surface portions exposed
after partial resist removal, deposition of one or more layers on such exposed surface portions, etc.
FIG. 6 illustrates an example of a portion of a mark 98, comprising a plurality of parallel lines
100, each formed by one individual beam 8 during multiple beam lithography, and spaced with a
distance d. These lines may correspond to areas having a different optical reflection coefficient and/or
different height with respect to the surrounding areas. Each line 100 is positioned centrally within a
stripe 102, i.e., within a writing area available for one beam 8. The optical beam 86, in particular the
spot 90, may be scanned along one or more scan lines 104 across the mark 98. The lower part of FIG. 6
illustrates an intensity curve measured as the spot 90 is scanned over the mark 98 along the scan line
104. The periodicity of a test mark for beam position verification and the size of the beam spot 90 may
have a relation such that the diameter of the beam spot 90 equals half the periodicity of the test mark.
The features of the mark may have a dimension along the first axis S substantially corresponding to the
diameter of the beam spot 90. In the illustrated example, the pattern written by the respective electron
beams 8, e.g. the lines 100, form areas of lower reflectivity, giving rise to minima in the intensity curve.
By calculating the distance d between adjacent minima a measured representation is obtained. By
comparing each of the distances d obtained from the intensity measurement data with the intended
distances defined by mark specification data conclusions regarding pattern placement can be made. If
each of the distances d complies with the specification data, that is, if no distance d deviates more than
a predetermined limit, all beams 8 may be deemed to be correctly positioned on the target surface 10.
However, if one or more of the distances d do not comply with the specifications, that is, the measured
distances deviates from the specification by more than the predetermined limit, pattern placement is
not correct. Beams having written erroneously positioned pattern features are not correctly positioned.
Incorrectly positioned beams can thus be identified. Error position data can be determined, specifying
positions where the measured representation deviates from the reference mark data by more than the
predetermined limit. Thereby, it can be identified which electron beams are incorrectly positioned on
the target surface. For example, if each electron beam writes one line 100, whereby the number of
lines in the mark 98, or a mark section, equals the number of electron beams 8 used in the multi beam
lithography process, an error in position of line number n indicates that beam number n is not correctly

positioned on the surface 10.

FIG. 7 schematically illustrates a mark 106 which may be used for beam position verification.
Such test mark allows for verification of beam positions in two dimensions. In particular, contributions

from each beam in along the first axis and along the second axis on the target surface can be deducted
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from measurements of such mark. An example of such test mark is illustrated in FIG. 7. However, it
should be understood that also other forms of test marks may be used. The mark 106 comprises a
number of lines 108 each formed by one individual beam 8 during the multiple beam lithography
process. Each stripe 102 comprises one line 108. The number of lines 108 in the mark 106 preferably
corresponds to at least the number of beams 8 used in the lithography apparatus 1. The mark 106 can
be divided into portions in which the lines 108 form straight, parallel line portions. The mark 106
illustrated in FIG. 7 comprises a first portion 110 wherein the lines 108 form straight line portions
oriented at an oblique angle a with respect to the first axis S, a second portion 112 wherein the parallel
lines form straight line portions oriented perpendicular to the first axis S, and a third portion 114
wherein the parallel lines 108 form straight line portions oriented at an oblique angle a+90° with
respect to the first axis S. The angle a preferably has a value of 45°. In general, the first axis correspond
to the short stroke axis S, and the second axis to the long stroke axis L, also referred to as the
mechanical scan direction, the stripes 102 being aligned along the long stroke axis L. Each portion 110,
112, 114 preferably has an extension along the second axis L of the same order of magnitude as the
width of a stripe 102. In particular, the stripe width may be 2 um.

For beam position verification, the lithography system control unit 42 controls the lithography
system to write a mark according to specifications, for example a mark 106 illustrated in FIG. 7. The
written mark is subsequently measured by a mark measurement unit, such as the alignment sensor 70
comprising an optical system 72 illustrated in FIG. 3 and 4, in order to obtain a measured
representation of the written mark 106. As illustrated in FIG. 7, a first scan line 104a is performed
across the first portion 110, a second scan line 104b across the second portion 112, and a third scan
line 104c across the third portion 114. The spacing between the scan lines may be on the same order of
magnitude as the stripe width. The mark measurement may be performed within the lithography
chamber 2, after having performed one or more semiconductor processing steps of the target surface
outside the vacuum chamber. Although properties of the resist layer are changed upon impact of
beams during the lithography process, these changes are usually not visible in optical reflection
measurements. Therefore, at least the step of resist development is performed prior to mark
measurement. Commonly, development of the resist will give rise to an optically visible pattern on the
target surface. Further processing steps, such as etching and/or deposition of material may provide for
topographic and/or reflection coefficient variations visible in reflection intensity measurements. Such
semiconductor processing steps are known in the field. Mark measurement, and beam position
verification based on the mark measurement, may thus be performed either as a separate verification

step, or prior to a subsequent lithographic exposure session. The control unit 42 may control the target
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actuator 36, e.g. the short stroke actuator 38 and the long stroke actuator 40, to perform scan lines 104
as described above.

A measured representation of the written mark 106 may be obtained by calculating distances
between all adjacent lines 108 covered by the scan lines 104a, 104b, 104c from the measurement data.
Beam positions along the first axis S may be verified from the second scan line 104b performed across
the second portion 112, and beam positions along the first and second axis can be verified by
combining results from the second scan line 104b and the first and/or third scan lines 104a, 104c. By
scanning the optical beam 86 across lines 108 comprised in the mark 106, the scan line having at least
an extent covering a portion of the mark comprising contributions from each beam 8, and over all
portions 110, 112, 114, two dimensional pattern placement data can be determined for each beam 8
used for forming the mark 106. Based on the measured representation of the test mark, and eventual
corresponding error position data, incorrectly positioned beams can be identified.

This test mark 106, having all features formed in one layer, enables pattern placement
verification. In multiple beam lithography, accurate pattern placement gives an indication of correct
stitching properties, i.e., highly accurate pattern formation in boundary regions of adjacent stripes.
Overlay can be verified by forming a first set of features in one layer, and subsequently, in a second
lithography process, a second set of test mark features in a second layer, on top of the first set of
features. By measuring the position of features within one layer with respect to features in one or more

other layers, conclusions regarding accuracy of overlay can be made.

According to the present disclosure, individual beam pattern placement measurements may be
performed within the lithography chamber, in a short amount of time, thereby allowing for
substantially direct adjustment of the system. The beam position verification described herein may be
performed as a complement to the beam measurements known from the prior art. Thereby, different
measurements of various beam properties may be performed. Further, the functioning of the

respective sensors may be verified.

FIG. 8 shows a flow chart illustrating mark verification, beam position verification, and wafer
sorting. Verification of a mark 98 written on a target surface 10 during multi beam lithography may not
only be used for beam position verification, but may also provide an estimate of the correctness of
patterns formed on the target surface 10, for example for wafer sorting at different stages in a wafer
fabrication process.

In a first step 120 a mark 98, 106, defined by reference mark data 118, is written in the resist

layer of the target surface 10 using the lithography system 1. Subsequently, the target is removed from
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the lithography chamber, and subjected to semiconductor processing in order to reveal an optically
measurable pattern, as described above, indicated by step 121.

After processing the target surface, the target is positioned back into the lithography chamber
or in a separate measurement chamber, and mark measurements 122 are performed on the mark 98,
106, for example using the optical system 72 illustrated in FIG. 4. For pattern placement verification the
measurement may be performed within the lithography chamber 2. For wafer sorting the mark
measurement 122 may be performed in a separate measurement chamber. In step 124 a measured
representation is calculated from the measured intensity of the reflected light 92 as a function of target
position data, which may be obtained from e.g. position measurement data or from actuator control
data. As described with reference to FIG. 3, the position of the target 12 with respect to the optical axis
14 of the lithography system can be determined using a differential interferometer 86. The measured
representation may comprise one or more parameters calculated from the measurement data, for
example distance values between features in the mark 98, 106. In step 126, the measured
representation is compared with reference mark specification 118, which may be stored in a memory
of a control unit controlling mark verification. In step 130 any deviations between the measured
representation and the specification are determined and compared with a predetermined limit. If all
deviations are within the predetermined limit the mark is verified, step 132. In the beam position
verification method, this is indicates that all beams 8 are correctly positioned on the target surface 10,
and beam positions are verified in step 134. This may provide an indication that the lithography
apparatus is functioning according to specifications. If mark verification is used for wafer sorting
purposes, the wafer may be deemed OK, and sorted for further processing 136.

If at least one deviation is not within the predetermined limit, the mark correctness is not
verified, step 138. It may be deducted that not all beams 8 are correctly positioned. In step 140, error
position data is calculated, specifying where the measured representation, and thus the mark 98, 106
formed on the target surface 10, deviates from the reference data 118 by more than the
predetermined limit. The error position data thus identifies which features of the mark are not
correctly written. From this data in step 142, incorrectly positioned beams 8 can be identified. In step
144 incorrectly positioned beams can be compensated, as described above, or recalibration of the
lithography apparatus may be performed. The wafer, or parts thereof, comprising an incorrectly

formed mark may be rejected, or marked as not complying with specifications, steps 148, 150.

FIG. 9A illustrates a flow chart for wafer sorting performed using the mark verification method
described herein. The wafer is patterned, including forming one or marks 98, 106 thereon in step 120,

subjected to processing steps 121 of the target surface, and subsequently the mark is verified,
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according to steps 122-130. As illustrated in FIG. 9B mark measurement and verification may take place
in a separate measurement chamber 164 located downstream a multi beam lithography system 162. If
the mark complies with specification data, the wafer may be considered OK 136, and sorted to
continue in the production line, step 160. If the mark does not comply with specifications, the wafer
may be rejected, 146. Marks provided on the wafer may be related to specific wafer areas, in particular
specific die areas. After verification of these test marks the corresponding areas may be marked as OK
or not OK, 176. For example, the die areas may be marked by a dye, or otherwise indicated. The wafer
may in this case either be allowed to continue for further processing, 160, or rejected, 146.

A system adjustment signal may be issued 144, for example transmitted to a lithography
control unit 42 to initiate compensation, or calibration, of the lithography apparatus 1. Alternatively or
additionally, a signal indicating the presence of incorrect marks may be provided to a user. In particular,
such signals may be issued when the mark repeatedly does not comply with specifications. Occasional
occurrence of erroneous marks may be considered to have other causes than incorrectly positioned
beams 8 in the lithography apparatus 1.

Wafer sorting may be performed by a wafer sorting apparatus 162 illustrated in FIG. 9B,
comprising a separate measurement chamber 164 and control unit 166. As illustrated in FIG. 9B, a
lithography system may comprise a plurality of lithography apparatuses 1 and one or more lithography
control unit 42. All wafers, or e.g. randomly selected wafers, outputted from the lithography system
may be subjected to mark verification measurements. Mark verification may provide an indication that

the pattern formed on the wafer surface is likely to comply with specifications.

As illustrated schematically in FIG. 10, a target surface 10 may be provided with marks in a
plurality of different regions. For example one or more substantially peripheral regions 172 may be
provided with marks. Regions 174 illustrate regions comprising fields intended for patterning, e.g.
forming integrated circuits. For example, marks may be written on peripheral portions of the target
surface. Alternatively or additionally, marks may be provided in areas 176 associated with die areas or

groups of die areas.

The disclosure has been described by reference to certain embodiments discussed above.
These embodiments are susceptible to various modifications and alternative forms without departing

from the scope of protection defined in the accompanying claims.
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CLAUSES

1. A method for verification of a mark (98, 106) formed on a target surface (10) in a multiple beam
lithography process, the method comprising:
- mark measurement (122), comprising:

- directing, and preferably focusing, an optical beam (86) onto said target surface (10);

- measuring a reflected optical beam (92) generated by reflection of said optical beam (86) by said
surface (10);

- moving said optical beam (86) and said target (12) with respect to one another such that said
optical beam is scanned over at least one scan line (104, 104a-c) across at least a portion of said mark
(98, 106) in a direction parallel to a first axis (S);

- measuring an intensity of said reflected optical beam as a function of position along said scan
line; and
- obtaining a measured representation (124) of said mark (98, 106), said measured representation
comprising intensity as a function of position along said scan line (104) and/or parameters calculated
from said intensity;

- comparing (126) said measured representation with reference mark data (118) representing an
intended definition of said mark and determining any deviations between said measured

representation and said reference mark data.

2. Method according to clause 1, comprising:
- if one or more of said deviations is not within a predetermined limit (130), determining error position
data (140) specifying positions where said measured representation deviates from said reference mark

data by more than said predetermined limit.

3. Method according to clause 1 or 2, wherein said optical beam is scanned over a plurality of
parallel scan lines (104a-c), wherein preferably a spacing between said parallel scan lines is of the same

order of magnitude as a stripe width.

4. Method according to any one of the previous clauses, wherein said measured representation is
obtained by calculating distances between adjacent features (100, 108) comprised within said mark
(98, 106), calculating said distances between all of said features within said scan lines, and calculating

said distances for each scan line.
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5. Method according to clause 2 or according to clause 3 or 4 in dependence on clause 2,
comprising:

- forming a mark (98, 106) on said target surface (10) using a multiple beam lithography apparatus (1;
120, 121),

- determining individual beam pattern placement accuracy based on verification of said mark (122-
142), comprising determining that one or more of the beams (8) are incorrectly positioned if one or
more of said deviations is not within said predetermined limit (138, 140),

- the method preferably comprising identifying said incorrectly positioned beams using said error

position data (142).

6. Method according to clause 5, wherein said mark measurement is performed within said

multiple beam lithography apparatus (1).

7. Method according to clause 5 or 6, wherein said mark (106) enables verification of individual
beam positions in two dimensions on the target surface (10) for each beam used for forming said mark,
said mark preferably comprising at least one feature (108) formed by each individual beam; enabling
verification of a beam position along the first axis (S), said at least one feature further enabling, or at
least one additional feature formed by each individual beam enabling, verification of a beam position
along a second axis (L) substantially perpendicular to said first axis,

wherein preferably said scan line (104) extends over at least a plurality, preferably all, of said at least

one feature comprised in said mark (106).

8. Method according to clause 7, said mark (106) comprising a number of lines (108) each formed
by one beam (8) during said multiple beam lithography, said number of lines at least corresponding to a
number of beams used during said lithography, said mark comprising:

- a first portion (110) wherein said lines form straight parallel line portions oriented at an oblique angle
o with respect to said first axis,

- a second portion (112) wherein said lines form straight parallel line portions oriented perpendicular to
said first axis, and

- a third portion (114) wherein said lines form straight parallel line portions oriented at an oblique angle
0a+90° with respect to said first axis,

wherein said angle a preferably has a value of substantially 45°.
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9. Method according to clause 8, wherein a first scan line (104a) is performed within said first
portion (110), a second scan line (104b) within said second portion (112), and a third scan line (104c)
within said third portion (114), and a position of a beam (8) along said first axis (S) is determined from
said intensity measured along said second scan line (104b), and by combining said intensity measured
along said second scan line (104b) and said first (104a) and/or third (104c) scan line a position of said
beam (8) along said first axis (S) and said second axis (L) are determined, and wherein said positions are

determined for each beam (8) used for forming said test mark (106).

10. Method according to any one of clauses 5 to 9, wherein features within said mark are related to
individual beams (8) by determining a position of said target (8) with respect to a lithography apparatus

reference point (14).

11. Method according to any one of clauses 5 to 10, comprising verifying overlay, whereby said
mark comprises a first set of features formed in a first layer and a second set of features formed in a

second layer, said second set formed on top of said first set.

12. Method according to any one of clauses 5 to 11, comprising performing calibration and/or
compensation of incorrectly positioned beams (144) based on said individual beam position

verification.

13. Method according to any one of clauses 1 to 4, further comprising sorting wafers provided with

one or more marks based on verification of said mark (136, 146, 148).

14. Method according to clause 13, wherein said wafer is provided with a plurality of said marks
(98, 106) each associated with one or more areas (172, 176), comprising sorting said areas based on

whether or not said marks comply with said reference mark data (148).

15. A system for verification of a mark formed on a target surface (1) by a multiple beam
lithography process, the system comprising:
- a mark measurement unit, comprising:

- an optical system (72) for directing, and preferably focusing, an optical beam (86) onto said
target surface (10) and receiving a reflected optical beam (92) generated by a reflection of said optical
beam by said surface, and for generating an intensity signal representing an intensity of said reflected

optical beam;
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- a target support (30) for supporting said target (12); and

- an actuator (36, 38, 40) for moving said optical system (72) and said target support (30) with
respect to one another along at least a first axis (S), such that said optical beam (86) is scanned along at
least one scan line (104, 104a-c) over at least a portion of said mark;
- a control unit (42) configured to:

- receive said intensity signal,

- receive a position signal representing a position of said target with respect to said optical
system,

- register said intensity signal as a function of said position signal,

- obtain a measured representation of said mark, said measured representation comprising said
intensity as a function of position and/or parameters calculated from said intensity values,

- compare said measured representation with reference mark data representing an intended
definition of said mark and determining any deviations between said measured representation and said
reference mark data,
wherein said control (42) unit is configured to verify beam positions on said target surface (10) during a

multiple beam lithography process based on verification of said mark formed during said process.

16. System according to clause 15, said control unit (42) configured to determine error position
data specifying positions where said measured representation deviates from said reference mark data

by more than a predetermined limit.

17. System according to clauses 15 or 16, wherein said actuator (36) is configured to move said
target support (30) and said optical beam (86) with respect to one another along a second axis (L)
substantially perpendicular to said first axis (S), wherein said actuator may control position along said

second axis with an accuracy at least corresponding to a stripe width.

18. System according to any one of clauses 15 to 17, wherein said control unit (42) is configured to
obtain said measured representation by calculating distances between adjacent features (100, 108)

comprised within said mark.

19. System according to any one of clauses 15 to 18, , wherein said control unit is configured to

identify incorrectly positioned beams based on said error position data.
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20. System according to any one of clauses 16 to 18, wherein said control unit is further configured
to sort wafers or parts of said wafer provided with one or more marks (98, 106) based on verification of

said mark.

21. A multiple beam lithography apparatus (1) comprising:

- a lithography chamber (2) comprising a target support (30) and a target support actuator (36,
38, 40) adapted to move said target support along at least said first axis (S),
- a system according to any one of clauses 15-19 for verification of individual beam positions on said
target surface (10), said mark measurement unit arranged within said lithography chamber (2), and said
actuator unit being said target support actuator (36, 38, 40),
- a lithography control unit (42) configured to control said multiple beam lithography apparatus, and
comprising or being configured to communicate with said control unit,
said lithography control unit (42) preferably configured to control said lithography apparatus to form a
mark (98, 106) on said surface (10) and to verify beam positions on said surface based on verification of

said mark.

22. Apparatus according to clause 21 comprising a target alighment sensor arrangement (60) to
determine and control a relative position of said target support and a lithography apparatus reference
point (14) and for determining a relative position of said target (12) and said target support (30),
wherein preferably said alignment sensor arrangement (60) comprises said optical system (72),

preferably also said actuator and/or said control unit.

23. Apparatus according to clause 21 or 22, wherein said lithography control unit (42) is configured

to perform calibration and/or compensation of incorrectly positioned beams (8).

24, Computer program or method for verifying position of beams on a target in a multiple beam
lithography apparatus, especially an apparatus according to any one of clauses 21 to 23, said computer
program configured to:

- control said lithography apparatus (1) to write a mark (98, 106) on a target surface (10);

- control an actuator (36, 38, 40) move an optical beam (86) and said target (12) relative one another,
such that said optical beam (86, 90) is scanned over at least a portion of said mark;

- record an intensity of a reflected optical beam (92) as a function of position of said optical beam with
respect to said target;

- determine a measured representation of said mark, said measured representation comprising
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intensity as a function of position and/or parameters calculated from said intensity;

- compare said measured representation with reference mark data representing an intended definition
of said mark;

- determine any deviations between said measured representation and said reference mark data;

- if one or more of said deviations is not within said predetermined limit, determine error position data
specifying positions where said measured representation deviates from said reference mark data by
more than said predetermined limit;

- identify incorrectly positioned beams based on said error position data.

25. Computer program according to clause 24, configured to control compensation of incorrectly

positioned beams.
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CONCLUSIES

1. Werkwijze voor het verifiéren van een merk (98, 106) geschreven op een oppervlak (10) van
een doel (12) in een meerbundel-lithografieproces, omvattend:
- het opmeten van het merk (122), omvattend:

- het richten, en bij voorkeur focusseren van, een lichtstraal (86) aan het oppervlak (10);

- het opmeten van een gereflecteerde lichtstraal (92) gegenereerd door reflectie van de lichtstraal
(86) door het oppervlak (10);

- het bewegen van de lichtstraal (86) en het doel (12) ten opzichte van elkaar zodanig dat de
lichtstraal wordt gescand over ten minste een scanlijn (104, 104a-c) over ten minste een gedeelte van
het merk (98, 106) in een richting parallel aan een eerste as (S);

- het meten van een intensiteit van de gereflecteerde lichtstraal als een functie van positie langs
de scanlijn; en
- het verschaffen van een gemeten weergave (124) van het merk (98, 106), de gemeten weergave
omvattend intensiteit als functie van positie langs de scanlijn (104) en/of parameters berekend vanuit
de intensiteit;

- het vergelijken (126) van de gemeten weergave met referentiegegevens (118), welke een beoogde
definitie van het merk omschrijven, en het bepalen van enige voorkomende afwijking tussen de

gemeten weergave en de referentiegegevens.

2. Werkwijze volgens conclusie 1, omvattend:
- indien de afwijking niet binnen een bepaalde limiet valt (130), het bepalen van foutpositiegegevens
(140), welke posities specificeren waar de gemeten weergave met meer dan de bepaalde limiet afwijkt

van de referentiegegevens.

3. Werkwijze volgens conclusie 1 of 2, waarin de lichtstraal gescand wordt over een meervoud van
parallelle scanlijnen (104a-c), waarin bij voorkeur een afstand tussen de parallelle scanlijnen van de

zelfde ordegrote is als een de breedte van een stripe.

4, Werkwijze volgens één der voorgaande conclusies, waarin de gemeten weergave wordt
verschaft door het berekenen van afstanden tussen naburige kenmerken (100, 108) van het merk (98,
106), het berekenen van de afstanden tussen alle kenmerken binnen de scanlijnen, en het berekenen

van de afstanden voor elke scanlijn.
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5. Werkwijze volgens conclusie 2 of volgens conclusie 3 of 4 afhankelijk van conclusie 2,
omvattend:

- het schrijven van een merk (98, 106) op het oppervlak (10) met een meerbundel-lithografieapparaat
(1; 120, 121),

- het bepalen van individuele bundelpositie-correctheid gebaseerd op het verifiéren van het merk (122-
142), omvattend het bepalen dat één of meer van de bundels (8) incorrect gepositioneerd zijn indien
de afwijking niet binnen de bepaalde limiet valt (138, 140),

- de werkwijze bij voorkeur omvattend het identificeren van de incorrect gepositioneerde bundels door

de foutpositiegegevens (142).

6. Werkwijze volgens conclusie 5, waarbij het meten van het merk binnen het meerbundel-

lithografieapparaat (1) plaatsvindt.

7. Werkwijze volgens conclusie 5 of 6, waarin het merk (106) het mogelijk maakt dat individuele
bundelposities op het doeloppervlak voor elke bundel die gebruikt wordt voor het schrijven van het
merk verifieert wordt in twee dimensies op het doeloppervlak (10), waarbij het merk bij voorkeur
omvat ten minste één kenmerk (108) geschreven door elk individuele bundel, daardoor het verifiéren
van bundelpositie lang de eerste as (S) mogelijk makend, en waarin het kenmerk het verder mogelijk
maakt, of tenminste één verder kenmerk geschreven door elk individuele bundel het mogelijk maakt,
dat een bundelpositie langs een tweede as (L) in hoofdzaak loodrecht ten opzichte van de eerste as (S)
verifieert wordt,

waarin bij voorkeur de scanlijn (104) zich uitstrekt over ten minste een hoeveelheid, bij voorkeur alle,

ten minste ene kenmerk (108) van het merk (106).

8. Werkwijze volgens conclusie 7, waarbij het merk (106) een aantal lijnen (108) omvat, elk
geschreven door een bundel (8) tijdens de meerbundel-lithografieproces, waarbij het aantal lijnen
tenminste overeenkomt met een aantal bundels gebruikt tijdens de lithografie, het merk omvattend:

- een eerste gebied (110) waarin de lijnen rechte parallelle lijngedeeltes vormen, georiénteerd met een
schuine hoek a ten opzichte van de eerste as,

- een tweede gebied (112) waarin de lijnen rechte parallelle lijngedeeltes vormen, georiénteerd
loodrecht ten opzichte van de eerste as, en

- een derde gebied (114) waarin de lijnen rechte parallelle lijngedeeltes vormen, georiénteerd met een

schuine hoek a+90° ten opzichte van de eerste as,
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waarin de hoek a bij voorkeur een waarde heeft van in hoofdzaak 45°.

9. Werkwijze volgens conclusie 8, waarin een eerste scanlijn (104a) wordt gemaakt binnen het
eerste gebied (110), een tweede scanlijn (104b) binnen het tweede gebied (112), en een derde scanlijn
(104c) binnen het derde gebied (114), en een positie van een bundel (8) langs de eerste as (S) wordt
bepaald vanuit de intensiteit gemeten langs de tweede scanlijn (104b), en waarbij door het combineren
van de intensiteit gemeten langs de tweede scanlijn (104b) en de eerste (104a) en/of de derde (104c)
scanlijn een positie van de bundel (8) langs de eerste as (S) en de tweede as (L) bepaald wordt, en

waarin posities bepaald worden voor elke bundel (8) gebruikt voor het schrijven van het merk (106).

10. Werkwijze volgens één der conclusies 5 tot 9, waarin kenmerken (108) binnen het merk (106)
worden gerelateerd aan individuele bundels (8) door het bepalen van een positie van het doel (8) ten

opzichte van een referentiepunt (14) van het lithografieapparaat.

11. Werkwijze volgens één der conclusies 5 tot 10, omvattend het verifiéren van overlay, waarbij
het merk een eerste set van kenmerken gemaakt in een eerste laag en een tweede set van kenmerken

gemaakt in een tweede laag omvat, de tweede laag gemaakt boven op de eerste laag.

12. Werkwijze volgens één der conclusies 5 tot 11, omvattend het kalibreren en/of het
compenseren van incorrect gepositioneerde bundels (144) gebaseerd op het verifiéren van individuele

bundelposities.

13. Werkwijze volgens één der conclusies 1 tot 4, voorts omvattend het sorteren van wafers

voorzien van een of meerdere merken (106) gebaseerd op het verifiéren van het merk (136, 146, 148).

14. Werkwijze volgens conclusie 13, waarbij de wafer is voorzien van een meervoud van merken
(98, 106), elk geassocieerd met één of meerdere gebieden (172, 176), omvattend sorteren van de een
of meerdere gebieden gebaseerd op of het merk wel of niet overeenkomt met de referentiegegevens

(148).

15. Een inrichting voor het verifiéren van een merk geschreven op een doeloppervlak (10) van een
doel (12) in een meerbundel-lithografieproces, omvattend:
- een eenheid voor het meten van een merk, omvattend:

- een optische inrichting (72) voor het richten, en bij voorkeur het focusseren van, een
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lichtstraal (86) op het doeloppervlak (10) en het ontvangen van een gereflecteerde lichtstraal (92)
gegenereerd door een reflectie van de lichtstraal door het doeloppervlak, en voor het genereren van
een intensiteitsignaal representerend een intensiteit van de gereflecteerde lichtstraal;

- een doeldrager (30) voor het dragen van het doel (12); en

- een actuator (36, 38, 40) voor het ten opzichte van elkaar doen bewegen van de optische
inrichting (72) en de doeldrager (30) langs minstens een eerste as (S), zodanig dat de lichtstraal (86)
wordt gescand langs ten minste een scanlijn (104, 104a-c) over ten minste een gedeelte van het merk;
- een besturingseenheid (42) ingericht voor:

- het ontvangen van het intensiteitsignaal,

- het ontvangen van een positiesignaal, welke een positie representeert van het doel ten opzichte
van de optische inrichting,

- het registreren van het intensiteitsignaal als functie van het positiesignaal,

- het verschaffen van een gemeten weergave van het merk, de gemeten weergave omvattend de
intensiteit als functie van positie en/of parameters, welke berekend worden uit de intensiteit als
functie van positie,

- het vergelijken van de gemeten weergave met referentiegegevens, welke een beoogde definitie
van het merk representeren, en het bepalen van enige voorkomende afwijking tussen de gemeten
weergave en de referentiegegevens,
waarin de besturingseenheid (42) voorts is ingericht voor het verifiéren van bundelposities op het
doeloppervlak (10) tijdens een meerbundel-lithografieproces gebaseerd op het verifiéren van een merk

geschreven tijdens het proces.

16. Inrichting volgens conclusie 15, waarin de besturingseenheid (42) is ingericht voor het bepalen
van foutpositiegegevens, welke posities specificeren waar de gemeten weergave met meer dan de

bepaalde limiet afwijkt van de referentiegegevens.

17. Inrichting volgens conclusie 15 of 16, waarin de actuator (36) is ingericht voor het ten opzichte
van elkaar doen bewegen van de doeldrager (30) en de lichtstraal (86) langs een tweede as (L) in
hoofdzaak loodrecht aan de eerste as (S), waarin de actuator de positie langs de tweede as kan bepalen

met een nauwkeurigheid welke ten minste overeenkomt met de breedte van een stripe.

18. Inrichting volgens één der conclusies 15 tot 17, waarin de besturingseenheid (42) is ingericht

voor het verschaffen van de gemeten weergave door het berekenen van afstanden tussen naburige
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kenmerken (100, 108) binnen het merk.

19. Inrichting volgens één der conclusies 15 tot 18, , waarin de besturingseenheid bij voorkeur is
ingericht voor het identificeren van incorrect gepositioneerde bundels gebaseerd op de

foutpositiegegevens.

20. Inrichting volgens één der conclusies 16 tot 18, waarin de besturingseenheid voorts is ingericht
voor het sorteren van wafers of gedeeltes van wafers voorzien van een of meerdere merken (98, 106),

gebaseerd op het verifiéren van het merk.

21. Een meerbundel-lithografieapparaat (1) omvattend:

- een lithografiekamer (2), omvattend een doelhouder (30) en een doelhouderactuator (36, 38,
40) ingericht om de doelhouder te bewegen langs tenminste de eerste as (S),
- een inrichting volgens één der conclusies 15 tot 19 voor het verifiéren van individuele bundelposities
op het doeloppervlak (10), waarbij de eenheid voor het meten van een merk is ingericht binnen de
lithografiekamer (2), en waarbij de actuatoreenheid de doelhouderactuator (36, 38, 40) is,
- een lithografiebesturingseenheid (42) ingericht om het lithografieapparaat te besturen, en omvattend
of ingericht om te communiceren met de genoemde besturingseenheid,
welke lithografiebesturingseenheid (42) bij voorkeur is ingericht om het lithografieapparaat te besturen
voor het schrijven van een merk (98, 106) op het oppervlak (10), en voor het verifiéren van

bundelposities op het oppervlak, gebaseerd op het verifiéren van het merk.

22. Apparaat volgens conclusie 21 omvattend een doeluitlijnsensorinrichting (60) voor het bepalen
van en het regelen van een relatieve positie van de doelhouder en een referentiepunt (14) van de
lithografieapparaat en voor het bepalen van een relatieve positie van het doel (12) en de doelhouder
(30), waarin bij voorkeur de uitlijnsensorinrichting (60) de optische inrichting (72) omvat, bij voorkeur

ook de actuator en/of de besturingseenheid.

23. Apparaat volgens conclusie 21 of 22, waarin de lithografiebestuuringseenheid (42) is ingericht

voor het kalibreren van en/of het compenseren van incorrect gepositioneerde bundels (8).

24. Computerprogramma of werkwijze voor het verifiéren van posities van bundels op een doel in
een meerbundel-lithografieapparaat, in het bijzonder een apparaat volgens één der conclusies 21 tot

23, waarbij het computerprogramma is ingericht voor:
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- het besturen van de lithografieapparaat (1) om een merk (98, 106) te schrijven op een doeloppervlak
(10);

- het besturen van een actuator (36, 38, 40) om een lichtstraal (86) en het doel (12) ten opzichte van
elkaar te bewegen, zodanig dat de lichtstraal (86, 90) wordt gescand over tenminste een gedeelte van
het merk;

- het registreren van een intensiteit van een gereflecteerd lichtstraal (92) als functie van positie van de
lichtstraal ten opzichte van het doel;

- het verschaffen van een gemeten weergave van het merk, de gemeten weergave omvattend
intensiteit als functie van positie en/of parameters berekend uit de intensiteit als functie van positie;

- het vergelijken van de gemeten weergave met referentiegegevens representerend een beoogde
definitie van het merk;

- het bepalen van enige voorkomende afwijking tussen de gemeten weergave en de
referentiegegevens;

- indien de afwijking niet binnen een bepaalde limiet valt (130), het bepalen van foutpositiegegevens
(140), welke posities specificeert waar de gemeten weergave met meer dan de bepaalde limiet afwijkt
van de referentiegegevens;

- het identificeren van incorrect gepositioneerde bundels gebaseerd op de foutpositiegegevens.

25. Computerprogramma en werkwijze volgens conclusie 24, ingericht voor het besturen van het

compenseren van incorrect gepositioneerde bundels.
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ABSTRACT

Methods and systems for verification of a mark formed on a target surface during a
multiple beam lithography process, and for verifying beam position of individual beams on
the target surface based on mark verification are disclosed. A mark can be verified by
scanning an optical beam over the mark and measuring the reflected optical beam and the
position of the target with respect to the optical beam. By comparing the intensity of the
reflected light as a function of distance over the mark with reference mark data
representing an intended definition of the mark, and any deviations between the measured
representation and the reference mark data are determined. If any deviations deviate more

than the predetermined limit, incorrectly positioned beams can be verified from the data.
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