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EFFICIENT ILLUMINATION SHAPING FOR SCATTER

OMETRY OVERLAY

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit under 35 U.S.C. § 119(e) of U.S.

EFFICIENT ILLUMINATION SHAPING FOR SCATTEROMETRY QVERLAY, naming
Andrew Hill and Dmitry Gorelik as inventors, which is incorporated herein by reference in

the entirety.
TECHNICAL FIELD

{00021 The present disclosure relates generally to scatterometry overlay systems and,

more particularly, to illumination in scatterometry overlay systems.
BACKGROUND

[0003] Scatterometry overlay metrology systems determine overlay errors between
sample layers by comparing relative intensities of opposing diffraction orders by overlay

targets including stacked grating structures on sample layers of interest. For example, a

[o004] It is typically desirable to illuminate the sample with high-power illumination poles
with high beam quality (e.g., high-brightness illumination) having narrow-band spectra to

generate well-defined diffraction patterns by the grating structures suitable for accurate
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the illumination poles on the sample o optimize the collection of diffracted light for a given
overlay target configuration. For example, the angie of difiracted light irom a grating
structure depends on multiple factors including the iltlumination wavelength, the incident
Hiumination angle, and the pitch of the grating structure. Accordingly, adjusting the
iHumination angle and/or wavelength based on the overlay target configuration may

faciitate capture of opposing diffraction orders for analysis.

[o005] However, illumination systems for scatterometry overiay metrology typically
suffer from limited brightness or adjustment times of the dlumination angle or wavelength,

which may limit the accuracy or throughput of the overlay measurements. It may thus be

illustrative embodiments of the present disclosure. In one illustrative embodiment, the

system includes an illumination source to generate a source beam. In another illustrative

communicatively coupled fo the one or more acousto-optic deflectors. In another
lustrative embodiment, the coniroller generates one or more drive signals for the one or

more acousto-optic deflectors. In another illustrative embodiment, the one or more drive

another illustrative embodiment, a distribution of wavelength and intensity of the two or

more ilumination beams is symmetric in a plane formed by the first and second directions.

[
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[ooo7] An overlay metrology system is disclosed, in accordance with one or more

tustrative embodiments of the present disclosure. in one iiustrative embodiment, the

generate a measurement signal. In ancther illustrative embodiment, the system includes
a controller communicatively coupled to the first acousto-optic deflector, the second
acousto-optic deflector, and the detector. In another illustrative embodiment, the
controlier generates one or more drive signals for the one or more acousto-optic
detiectors. In another illusirative embodiment, the one or more drive signais cause the
of the fwo or more illumination beams formed from light diffracted from the one or more
acousto-optic deflectors and collected by the objective lens. In another illustrative
embodiment, a distribution of wavelength and intensity of the two or more ilumination
the controller determines a metroiogy measurement of the sample based on the

measurement signal.

[ooog8] A method for scatterometry overlay determination is disclosed in accordance with
one or more illustrative embodiments of the present disclosure. In one iflustrative
embodiment, the method includes generating a source beam. In another illustrative
embodiment, the method includes diffracting the source beam along at ieast a first
optic deflectors. in ancther illustrative embodiment, the method includes directing at least
some of the diffracted light from the one or more acousto-optic deflectors as two or more
ilumination beams to a sample. In another illustrative embodiment, the method includes
generating one or more drive signals for the one or more acousio-optic deflectors o

3
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second directions. In another illustrative embodiment, the method includes capturing light
from the sample in response to the iliumination beams fo generate a measurement signai.
in another illustrative embodiment, the method includes determining a metrology

measurement of the sample based on the measurement signai.

[o009] Itis to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not necessarily
restrictive of the invention as claimed. The accompanying drawings, which are
invention and together with the general description, serve to explain the principles of the

invention.
BRIEF DESCRIPTION OF DRAWINGS

[0010] The numerous advantages of the disclosure may be better understood by those

FIG. 1A is a conceptual view of a tunable multi-pole illumination system, in accordance
with one or more embodiments of the present disclosure.

FIG. 1B is a conceptual view of a tunable muiti-pole illumination system including two
tunable diffraction gratings oriented to diffract beams along orthogonal axes, in

accordance with one or more embpodiments of the present disclosure.

tunable diffraction gratings oriented in a Bragg configuration directing at least a
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portion of a source beam {o a second position on a sample through an objective

lens, in accordance with one or more embodiments of the present disclosure.

. 3C is a conceptual view of a tunable multi-pole illumination system for positioning
lfumination poles at any position in an #lumination pupil, in accordance with one
of more embodiments of the present disclosure.

. 4 i1s a top view of an overiay metrology target on a sampie, in accordance with one
or more embodiments of the present disclosure.

. OA Is a top view of an iiumination pupil including a single centrally-located
iumination pole for normal Hlumination, in accordance with one or more
embodiments of the present disclosure.

. 5B is a top view of a coliection pupil associated with return hight from the overlay

metrology target of FIG. 4 in response to the illumination pupil of FIG. 5A, in
accordance with one or more embodiments of the present disclosure.

. BA is a {op view of an illumination pupil including two ilumination poles symmetricaily
accordance with one or more embodiments of the present disclosure.

. 6B is a top view of a collection pupil associated with return light from the overlay
metrology target of FIG. 4 in response to the #dlumination pupil of FIG. 6A, In
accordance with one or more embodiments of the present disclosure.

. TA 1s a top view of an illumination pupil including a single centrally-located
position determination, in accordance with one or more embodiments of the
present disclosure.

. 7B is a top view of a coliection pupil associated with return light from the overlay
metrology target of FIG. 4 in response to the illumination pupil of FIG. 7A, in
accordance with one or more embodiments of the present disclosure.

. 8 is a flow diagram illustrating steps performed in a method for generating a high-
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DETAILED DESCRIPTION

{0011} Reference will now be made in detail to the subject matter disclosed, which is

illustrated in the accompanying drawings. The present disclosure has been particularly

modifications in form and detail may be made without departing from the spirit and scope

of the disclosure.

[0012] Embodiments of the present disclosure are directed o systems and methods for

[o013] it is recognized herein that scatteromelry overlay metrology systems typically
direct one or more iumination beams to an overlay metrology target on a sampile
including diffraction gratings on sample layers of interest and determining registration
errors between the layers of interest by comparing intensities of opposing diffraction
orders {(e.g., +/- 1 diffraction orders). The diffraction angles from the overlay target may
be characterized by the grating equation and generally depend on the ilumination
wavelength, the angle of incident iflumination, the periods of the grating structures of the

overlay target. Accordingly, various illumination distributions may be used to ensure that

pupil. However, this may not be possible for all desired combinations of illumination
waveiength and overlay target period. In some cases, a sampie is illuminated with two
a +1 diffraction order) may be gssociated with a first jilumination pole, and a second
diffraction order {e.g., a -1 difiraction order) may be associated with a second iitumination

pole.
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[0014] Embodiments of the present disclosure are directed to generating a high-
the illumination poles are formed as diffraction orders of an illumination source beam. For
exampile, a high-brightness muiti-pole illumination system may include a narrow-band
gratings (e.g., acousto-optic deflectors (AQDs), or the like). in this regard, the tunable
diffraction gratings may split the source beam into any selected number of diffracted
orders, which may form illumination poles suitable for illuminating a sample at any number

of selected angles.

required for a given signai to noise ratio to increase system throughput.

[oo16] It is recognized herein that forming llumination poles from diffraction orders of a

Gaussian beam profiles associated with many laser systems may closely match a typical
apodised beam profile. It is further recognized herein that forming iiumination poles from
apertures and/or apodizers {o generate a desired illumination distribution, which reduces

the overali brightness by blocking portions of the source beam and may degrade the beam

profile of the ilumination poles by introducing diffraction effects. For instance, Gaussian

profile associated with many lasers may closely match a typical apodised beam profile
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time of tunable diffraction gratings may be substantially faster than the switching time

associated with adjusting a physical beam block or aperture. For example, switching

and methods described herein may inciude any itype of funable diffraction grating with

any switching speed.

any orientation.

[0019] Additional embodiments of the present disclosure are directed to generating
symmetric illumination poles having equal intensilies 1o tacilitate a comparison of the
intensities of the associated opposing diffraction orders. For example, a source beam
may be, but is not required to be, diffracted by one or more diffraction gratings in a
this regard, opposing diffraction orders may be simultaneously captured using two

symmetric illumination poles.

positioning one or more iliumination poles at selected locations within an ilumination pupi

to sequentially Hliuminate a sample at different angles of incidence. For example, cne or

3
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tunable diffraction grating (e.g., an acousto-optic deflector, or the like). Any remaining

undesired beams {e.g., a 0-order beam) may be biocked.

[0021] Itis recognized herein that providing rapid adjustment of the illumination pupil {e.g.,

thumination poles atong two orthogonai off-axis directions may provide faster and more

accurate measurements than simultansously ilfuminating the sample with multiple lower-

one illumination pole to facilitate auto-focusing of a sample. It is recognized herein that

the positions of diffracted beams from a sample in a collection pupil plane may be

measurement.
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metrology system including a high-brightness tunable multi-pole illumination system.
Accordingly, the high-brightness tunable multi-pole illumination system may facilitate
rapid sequential measurements of a samplie with different conditions. For example, such
distributions of ilumination poles. By way of another example, such a scatterometry
metrology system may generate sequential measurements with different wavelengths
{e.g., for discrete spectral bands, over a swept spectral band, or the like). Further, the
sequential measurements with different wavelengths may be generated using the same

or different distributions of the tlumination poles.

[0024] Referring now to FIGS. 1A through 8, a high-brightness tunable multi-pole

106 to generate at least one illumination pole 108. In this regard, the illumination poles

108 may be formed from diffracted orders of the source beam 104.

[0026] In another embodiment, the tunable mulli-pole ilumination system 100 includes a
controlier 110. in another embodiment, the controller 110 includes one or more
processors 112 configured {o execute program instructions maintained on a memory
medium 114. In this regard, the one or more processors 112 of controlier 110 may

execute any of the various process steps described throughout the present disclosure.

{60271 The one or more processors 112 of a controller 110 may include any processing

embpodiment, the one or more processors 112 may consist of a deskiop computer,

mainframe computer system, workstation, image computer, parallel processor, or any

10
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configured to operate the tunable mulli-pole illumination system 100, as described
throughout the present disclosure. it is further recognized that the term "processor may
be broadly defined to encompass any device having one or more processing elements,
which execute program instructions from a non-transitory memory medium 114. Further,
controlier 110 or, alternatively, muitiple controliers. Additionally, the controller 110 may
include one or more controllers housed in a common housing or within multiple housings.

in this way, any controlier or combination of controilers may be separately packaged as

[oo28] The memory medium 114 may include any storage medium known in the art
suitable for storing program instructions executable by the associated one or more

processors 112. For example, the memory medium 114 may include a non-transitory

is not imited to, a read-only memory, a random access memory, a magnetic or optical
memory device (e.g., disk), a magnetic tape, a solid state drive and the like. it is further

noted that memory medium 114 may be housed in a commaon controller housing with the

limitation on the present invention but merely an illustration.

[o029] In another embodiment, the controller 110 is communicatively coupled to one or

iumination source 102 {o control the spectrum of itlumination incident on the sample

{e.g., through one or more drive signals to the illumination source). By way of another

example, the controlier 110 may be communicatively coupled to one or more tunable

11
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this regard, the controlier 110 may receive signals from the detector (g.g., a collection
pupil image, or the like). Further, the controller 110 may determine relative registration

errors {e.g., overlay} of sample layers based on signais received from the detector.

[0030] In another embodiment, the controller 110 may generate sequential drive signals

facilitate sequential metrology measurements (e.g., by a detector of a system
incorporating the tunable mutti-pole itlumination system 100). For example, the controller

110 may generate sequential drive signals to the tunable diffraction gratings 106 fo

of ilumination poles for the sequential measurements.

[0031] in another embodiment, the source beam 104 generated by the #lumination source
102 has a narrow bandwidth. In this regard, the diffraction pattern of the illumination poles
108 by a sample (e.g., by an overlay metrology target on a sample) may have minimal
chromatic variation. For example, the spectral width of the source beam 104 may be, but
is not required to be, less than approximately 25 nm. in one instance, the spectral width
of the source beam 104 is in the range of approximately 10 nm to approximately 20 nm.

5 nm.

12
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{0032] The illumination source 102 may include any type of illumination source known in

narrow-band source beam 104. Further, the source beam 104 may include one or more
selected wavelengths of light including, but not limited to, vacuum ultraviolet radiation
(VUV), deep ultraviolet radiation (DUV}, ultraviolet (UV) radiation, visible radiation, or
infrared (IR) radiation. In another embodiment, the thumination source 102 may inciude
a spectrally-tunable ilumination source to generate a source beam 104 having a tunable

specirum.

iaser source, a white-light laser source, or the like. Additionally, the source beam 104
may be delivered from the illumination source 102 via any technique such as, but not
limited 1o, free-space propagation, a single-mode fiber (e.g., a photonic crystal fiber, or
the like), or a multi-mode fiber. However, it is recognized herein that the brighiness of the

flumination source 102 typically improves as the number of modes decreases.

[0034] In one embodiment, the illumination source 102 includes a tunable light source
suitable for generating a narrow-pand source beam 104 within a seiected spectral range.
directly generate the tunable narrow-band source beam 104 such as, but not limited to, a
tunable narrow-band {aser. By way of another example, the illumination source 102 may
inciude a broadband source configured to generate broadband illumination and a tunable

spectral filter to generate the tunable narrow-band source beam 104.

13
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fo035] The illumination source 102 may further produce a source beam 104 having any

source beam 104, a pulsed source beam 104, or a modulated source beam 104.

[0038] The tunable multi-pole ilumination system 100 may include any number of tunable

including two tunable diffraction grating 106 oriented to diffract beams along orthogonal

axes, in accordance with one or more embodiments of the present disclosure. In one

wavelength related to the frequency of the drive signal as well as the velocity of sound in
the solid medium. Accordingly, a modulation frequency and/or a modulation strength of

a transducer may be dynamically adjusted {e.g., by drive signals generated by the

14
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controlier 110, or the like) to modify the physical characteristics of the dynamically-

include multiple transducers, each configured to generate ultrasonic waves and an

associated grating pattern in different frequency ranges. In this regard, the AOD may be

driven with frequencies outside the range of a single transducer. By way of anocther
example, an AOD may include multiple transducers, each configured to generate

ultrasonic waves along different directions. For instance, an AOD may include two

regard, a single AOD may generate illumination poles 108 distributed in a two-

dimensional pattern.

[0039] The funable multi-pole illumination system 100 may further include one or more
optical elements to direct, focus, and/or collimate light. For example, the tunable muiti-
pole ilumination system 100 may include a first set of optical elements 116 to collect the

source beam 104 from the illumination source 102 and direct the source beam 104 on the

first tunable diffraction grating 106a. By way of another example, the tunable mutlti-pole
iiumination system 100 may include a second set of optical elements 118 to collect one

or more diffracted beams from the first tunable diffraction grating 106a and direct at least

focal volume {(e.g., interaction length) in the second tunable diffraction grating 106b. By

way of another example, the tunable multi-pole illumination system 100 may inciude a

the second tunable diffraction grating 106b as the illumination poles 108.

15
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foo40] in another embodiment, the tunable multi-pole ilumination system 100 includes

example, as Hllustrated in FiG. 1B, an aperture 122 may be located after the collimating
lens 120. By way of another example, though not shown, an aperture 122 may be located
between the first tunable diffraction grating 106a and the second tunable diffraction

grating 106b to block unwanted diffraction prior to the second tunable diffraction grating

described previously herein, it may be the case that a desired number and distribution of
iumination poies 108 may be directly generated using one or more tunable diffraction
gratings 106 such that apertures 122 may be unnecessary. However, it is recognized
herein that even when one or more apertures 122 are utiized to block unwanted
diffraction orders to achieve a desired iflumination distribution, it may be the case that the
tunable muilti-pole illumination system 100 described herein may provide higher
brightness (e.g., more efficient uttlization of power from the tllumination source 102) than
generating illumination poles 108 by overfilling an aperture 122 having holes in selected

focations.

For example, an apodizer may gradually reduce the intensity of an illumination pole 108
relative to a central point to mitigate diffraction effects associated with diffraction of the
be, but are not required to be, integrated into one or more apertures 122. However, as
described previously herein, it may be the case that illumination poles 108 generated

Gaussian distribution of a source beam 104 generated by many illumination sources 102.

[oo42] Referring now to FlIG. 2, the tunable muiti-pole tHumination system 100 may be

incorporated into any type of external system to provide a selected distribution of

16
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accordance with one or more embodiments of the present disclosure. In one

pbe positioned at a pupii plane such that position on the detector 200 is representative of
the angle at which the captured light emanates from the sample 204. Different diffraction

orders of the return light 208 may be thus spatially separated on the detector 206. in this

determine overlay errors petween sampie layers.

[0043] In another embodiment, as illustrated in FIG. 2, the scatterometry metrology

system 200 includes a beamspilitter 210. In this regard, the objective lens 202 may
simuitanecusly direct the illumination poles 108 to the sample 204 and receive the return
light 208 from the sample 204.

212 to relay an illumination pupit 214 to the objective lens 202 (e.g., a back focal plane
216 of the objective lens 202). In this regard, the position of illumination poles 108 in the
iiumination pupil 214 may correspond to the angie of incidence of illumination aon the
sample 204. By way of another example, the scatterometry metrology system 200 may

ay lenses 218 to relay a collection pupil 220 to the objective lens 202

(e.g., the back focal plane 216 of the objective lens 202). In this regard, as described

previously herein, the position on the detector 206 may correspond to the angle at which
the return light 208 emanates from the sample 204. By way of a further example, the
scatterometry metrology system 200 may include one or more stops (e.g., field stops,
aperture stops, or the like). In one instance, as illustrated in FIG. 2, the scatterometry
metrology system 200 may include an illumination field stop 222 to control the spatial

extent of the illumination poles 108 on the sample 204 (e.g., to correspond fo a size of an

¥
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overlay target, or the iike). In another instance, as also #lustrated in FIG. 2, the

scatterometry metrotogy system 200 may inciude a coliection field stop 224 o conirol the

spatial extent on the sampie 204 from which return light 208 is collected.

[0045] A tunable multi-pole illumination system 100 may provide any selected distribution

example, it is recognized herein that a tunable diffraction grating 106 formed from an
acousto-optic deflector may be operated in multiple operational modes by adjusting the
drive signals (e.g., drive frequency, or the like) and/or the alignment with respect to an

incident beam.

[0047] In one embodiment, at least one tunable diffraction grating 106 is configured as an
AOD in a Raman-Nath configuration. H is recognized herein that an AOD in a Raman-
incident angles and may split the incident light beam into muitiple diffraction orders.
Further, opposing diffraction orders {e.g., +/- 1 diffraction orders, +/-2 diffraction orders,
or the like) may typically have equal intensities, which may be beneficial for scatterometry
overlay applications. In this regard, an AOD in a Raman-Nath configuration may be
suitable for, but is not limited to, simultaneously providing symmetric illumination poles
108 arranged to iiluminate the sample at opposing obligue angles for the simuitaneous

capture of opposing diffraction orders as described previously herein.

[0048] For example, as illustrated in FIG. 1B, the first tunable diffraction grating 106a and
the second tunable diffraction grating 106b are both configured in a Raman-Nath
configuration suitable for generating any selected distribution of illumination poles 108 in

the X-Y plane. tror instance, the first funabie difiraction grating 106a may diffract the
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where the number and the spacing of the diffraction orders may be controlied by adjusting
the drive frequency and/or modulation amplitude for the first tunable diffraction grating
106a. Additionally, the second tunabile diffraction grating 106b may diffract at least some
of the diffracted orders {(e.g., a 0 diffraction order, +/- 1 diffraction orders, +/- 2 diffraction
orders, or the like) from the first tunable diffraction grating 106a along the Y direction.
Accordingly, a selected distribution of iflumination poles 108 within the X-Y plane may be
generated. Further, as described previously herein, an aperture 122 and/or an apodizer

may be used to block unwanted diffraction orders and/or shape wanted diffraction orders.

as an AOD in a Bragg configuration. It is recognized herein that an AOD in a Bragg
configuration may typically direct at least a substantial portion of the intensity of an
incident beam into single diffraction order. In some cases, a portion of the incident light
may propagate as an undiffracted 0-order beam, which may be, but is not required {o be,
blocked by an aperture. In particular, incident light at or around a Bragg angle may be
diffracted primarily into the single diffraction order based on constructive interference.
of a diffraction grating (e.g., related to the drive frequency of an AOD). Further, the drive
frequency of an AQOD associated with the Bragg condition is typically higher than drive

frequencies associated with the Raman-Nath configuration.

[0050] An incident beam may thus be deflected, positioned, and/or scanned across a
range of angles by orienting an AOD at the Bragg angle for a known wavelength of the
source beam 104 and controliing the deflection angle by adjusting the drive frequency of
condition. In this regard, an AQD in a Bragg configuration may be suitable for, but is not

imited to, sequentially illuminating a sample with one or more illumination poles 108

to illuminate the sample at a first oblique angle to capture a first diffraction order and then
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flluminate the sample at an opposing oblique angle fo capture an opposing diffraction

order.

Bragg configuration directing at least a portion of a source beam 104 to a second position
on a sample 204 through an objective lens 202, in accordance with one or more
embodiments of the present disclosure. FIGS. 3A and 3B may correspond to a portion
of the scatterometry metrology system 200 associated with illumination. In this regard,
portions of the scatterometry metrology system 200 associated with collection and
detection (e.g., the beamspiifter 210, the detector 206, or the like) are not shown for

clarity.

characteristics for ali positions within an dlumination pupil (e.g., the giumination pupii 214
of the scatterometry metrology system 200 of FIG. 2, or the like) to facilitate overlay
determination based on comparisons of opposing diffraction orders generated by an
overiay target. In one embodiment, as illustrated in FIGS. 3A and 3B, a tunable multi-
configurations {o deflect a source beam 104 along a selected axis. For example, the
tunable multi-pole illumination system 100 may include a dispersing tunable diffraction

grating 106¢ in a Bragg configuration to deflect the source beam 104 and a set of relay

20
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may mitigate angular dispersion introduced by the dispersing tunable diffraction grating
106¢.

llumination pole 108. However, it is further recognized herein that it may be desirable to
provide radially symmetric illumination poles 108 for scatterometry overlay metrology. In

one embodiment, the nominal position associated with the Bragg mnfig_urattim IS aligned

to the center of the illumination pupit 214. In this regard, the anguiar dispersion of the

lumination pole 108 may remain radially symmetric in the illumination pupil 214 suitable

ilumination poles 108 at selected locations along a single direction {e.g., the Y axis). FIG.
3C is a conceptual view of a tunable muilti-pole illumination system 100 for positioning
lumination poles 108 at any position in an itlumination pupil 214, in accordance with one
or more embodiments of the present disclosure. in one embodiment, the funabie muiti-
pole illumination system 100 includes two tunable diffraction gratings 106e-f to position
one or more illumination poles 108 along the X-direction in addition to the two tunable

diffraction gratings 106c¢-d to position one or more illumination poles 108 along the Y-

the source beam 104 and a set of relay lenses 304 {o relay the deflected beam to a de-
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dispersing tunabie diffraction grating 106f in a Bragg configuration. In this regard, the de-
dispersing tunable diffraction grating 106f may mitigate anguilar dispersion introduced by
the dispersing tunable diffraction grating 106e. Accordingly, the dispersing tunable
diffraction grating 106e may be configured fo provide constant deflection at the Bragg
condition and the de-dispersing tunable diffraction grating 106f may be used to position
the deflected beam (e.qg., the illumination pole 108). Further, an additional set of relay
grating 106f to the tunable diffraction grating 106c. in this regard, the tunable multi-pole
Hiumination system 100 position one or more Hlumination poles 108 at any selected

locations in the tHumination pupil 214.

fooss] Referring now to FIGS. 4 though 7B, a tunable muiti-pole illumination system 100
may provide varied distributions of iHlumination poles 108 in an illumination pupil 214 with

a high-brightness for efficient collection of any selected diffraction orders from a sample

metrology includes grating structures 404 oriented on multiple layers of interest of a
sample 204 (e.g., a grating-on-grating target). The grating structures 404 may, but are
not required to, overlap when the layers of interest are properly aligned without overlay

errors. In FIG. 4, only grating structures 404 on a top layer are illustrated for clanity.

[0057] As described previously herein, scatterometry metrology typically involves
comparison of intensities of opposing diffraction orders (e.g., +/- 1 diffraction orders).
Further, the angle at which diffracted beams will emanate from the overlay metrology

target 402 may depend on multiple factors including, but not limited to, the wavelength of
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100 may provide an adjustable distribution of illumination poles 108 suitable for a wide

range of illumination conditions.

fooss] FIGS. S5A through 7B illustrate non-limiting examples of configurations of
ilumination poles 108 in an illumination pupil 214 and assaociated diffracted arders of

return light 208 in a collection pupit 220 that may be provided simultaneously or

configurations of illumination poles 108 in an illumination pupil 214 and associated
diffracted orders of return light 208 in a collection pupil 220 in FIGS. 5A through 7B may

be generated for any selected wavelength.

[oo58] FIG. 5A s a top view of an illumination pupil 214 including a single centrally-located

associated with return light 208 from the overlay metrology target 402 of FIG. 4 in
response fo the illumination pupil 214 of FIG. 5A, in accordance with one or more
embodiments of the present disclosure. In one embodiment, the wavelength of an
ilumination pole 1083, the angle of incidence of the dlumination pole 108a, and the period

406 of the grating structures 404 may be selected to provide simultaneous capture of a

[ooso] FIG. 6A is a top view of an illumination pupil 214 including two illumination poles
108b-c symmetrically positioned along edges of the illumination pupil 214 for oblique
itlumination, in accordance with one or more embodiments of the present disclosure. FIG.
6B is a top view of a coliection pupil 220 associated with return light 208 from the overiay
metrology target 402 of FIG. 4 in response to the illumination pupil 214 of FIG. 6A, in
accordance with one or more embodiments of the present disclosure. In one

embodiment, the wavelength of an illumination pole 108, the angie of incidence of the
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illumination pole 108, and the period 406 of the grating structures 404 may not be suitable

for capturing of opposing +1 and -1 diffraction orders from a single illumination pole. For

one or more illumination poles 108 for the purpose of determining the focal position of the
sample 204 in addition to and/or instead of determining overlay measurements. For
example, positions of return light 208 in the collection pupil 220 in response to oblique

flumination may be indicative of the focal position.

[0063] FIG. 7Ais a top view of an ilumination pupii 214 including a single centrally-located
lumination pole 108a for normal illumination and two offset illumination poles 108d-e for
focal position determination, in accordance with one or more embodiments of the present
disclosure. FIG. 7B is a top view of a collection pupil 220 associated with return light 208
from the overlay metrology target 402 of FIG. 4 in response to the illumination pupil 214
one embodiment, the +1 diffraction order 502 and the opposing -1 diffraction order 504
may be caplured in the collection pupil 220 as illustrated in FIGS. 5A and 5B. In ancther
embodiment, the collection pupil 220 may include undiffracted 0-order light 702 and a +1
diffraction order 704 associated with the first autofocus illumination pole 108d, along with

unditfracted O-order hight 706 and a -1 diffraction order 708 associated with the second
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autofocus illumination pole 108e. Accordingly, distribution of illumination poles 108a,d-e

in the illumination pupil 214 of FIG. 7A may facilitate determination of both overlay

measurements and the focal position of the sample.

108a-e may be provided simultaneously or sequentially. For instance, simultaneous

ilumination with multiple illumination poles 108 may be provided with, but is not limited

ilumination system 100 may include mutltiple tunable diffraction gratings 106 formed from

AQODs in any combination of Raman-Nath and Bragg configurations.

[ooes] By way of another example, FIGS. 5A through 7B illustrate examples of an
overlay metrology target 402 of FIG. 4 ariented with the grating structures 404 along the
X direction. [t is recognized herein that the tunable multi-pole illumination system 100
may include overlay metrology targets oriented along any direction {e.g., the Y direction
of FIG. 4). In this regard, the distributions of fight in the illumination pupil 214 may be
correspondingly rotated along any direction. Further, as described previousiy herein, the
as, but not limited to those illustrated in FIG. 4, oriented with periodicity along different
directions. In this regard, the tunable multi-pole illumination system 100 may provide

lumination poles 108 at any selected location in the illumination pupil 214.

provided solely for illustrative purposes and does not limit the tunable multi-pole
tlumination system 100 or a metrology system incorporating the tunable multi-pole

tHumination system 100 (e.g., the scatterometry metrology system 200 in FIG. 2, or the
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like). Rather, the tunable multi-pole illumination system 100 is not limited for use with any

particular type of overlay metrology target.

[o067] Additionally, in some embodiments, a tunable multi-pole ilumination system 100
may provide a distribution of illumination poles 108 suitable for multiple arientations of an
overlay metrology target. For example, a tunable multi-pole illumination system 100 may

provide a quadrupole illumination by applying drive frequencies to orthogonal tunable

tunable diffraction gratings 106.

[ooes] FIG. 8 is a flow diagram illustrating steps performed in a method 800 for generating
a high-brightness tunable multi-pole illumination. Applicant notes that the embodiments
and enabling technologies described previously herein in the context of the tunable muiti-

pole illumination system 100 should be interpreted o extend to method 800. it is further

beam. For example, the source beam may include a narrow bandwidth suitable for

scatterometry overlay metrology.

[0070] in another embodiment, the method 800 includes a step 804 of diffracting the
source beam into one or more diffraction beams with a first acousto-optic deflector for

diffracting light along a first direction and a second acousto-optic deflector for diffracting

acousto-optic deflectors may be configured in any type of operational mode known in the

art such as, but not iimited to, a Raman-Nath configuration for simuitaneously generating
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multiple diffraction orders or a Bragg configuration for deflecting, positioning, and/or

scanning incident light.

some of the one or more diffraction beams to provide one or more illumination beams.

For example, one or more of the diffraction beams may be blocked by apertures.

[0072] In another embodiment, the method 800 includes a step 808 of generating drive

flumination beams on a sample at a symmetric distribution of incident angles. For

angles of illumination on the sample.

[0073] In another embodiment, the method 800 includes a step 810 of capturing light (e.g.,
return light) from the sample in response to the illumination beams 1o generate a
measurement signal. For example, an overlay farget on a sampie may inciude grating
structures on multiple {ayers of interest in a grating-over-grating configuration. A detector
placed at a collection pupil may thus capture illumination from the iflumination poles

diffracted by the overlay target {e.g., return light).

[0074] In another embodiment, the method 800 includes a step 812 of determining a

metrology measurement of the sample based on the measurement signal. For example,

(e.g., +/- 1 diffraction orders, or the like} of the return light.

[0075] The herein described subject matter sometimes illustrates different components

contained within, or connected with, other components. It is to be understood that such

arrangement of components to achieve the same functionality is effectively "associated"
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"connected" or "coupled” to each other to achieve the desired functionality, and any two

components capable of being so associated can aiso be viewed as being "couplable” to

but are not imited to physically interactable and/or physically interacting components

and/or wirelessly interactable and/or wirelessly interacting components and/or logically

inferactabie and/or logically interacting components.

[00786] [t is believed that the present disclosure and many of its attendant advantages will

be understood by the foreg

departing from the disclosed subject matter or without sacrificing all of its material
advantages. The form described is merely explanatory, and it is the intention of the

following claims o encompass and inctude such cnanges. Furthermore, i is {0 be



Claims

1. A multipole illumination system comprising: an illumination source configured to
generate a source beam; one or more acousto-optic deflectors to diffract the source
beam along at least a first direction and a second direction different than the first
direction; one or more collection lenses to collect at least some of the diffracted light
from the one or more acousto-optic deflectors; and a controller communicatively
coupled to the one or more acousto-optic deflectors, the controller including one or
more processors configured to execute program instructions causing the one or
more processors to: generate one or more drive signals for the one or more acousto-
optic deflectors, wherein the one or more drive signals cause the one or more
acousto-optic deflectors to generate a symmetric distribution of two or more
illumination beams formed from light diffracted from the one or more acousto-optic
deflectors and collected by the one or more collection lenses, wherein a distribution
of wavelength and intensity of the two or more illumination beams is symmetric in a
plane formed by the first and second directions.

2. The multipole illumination system of claim 1, wherein the one or more drive
signals cause the one or more acousto-optic deflectors to generate the two or more
illumination beams simultaneously.

3. The multipole illumination system of claim 1, wherein the one or more drive
signals cause the one or more acousto-optic deflectors to generate the two or more
illumination beams sequentially.

4. The multipole illumination system of claim 1, wherein the symmetric distribution of
the two or more illumination beams is radially symmetric.

5. The multipole illumination system of claim 1, wherein the symmetric distribution of
the two or more illumination beams is symmetric with respect to at least one axis of
symmetry in the plane formed by the first and second directions.

6. The multipole illumination system of claim 1, wherein the symmetric distribution of
the two or more illumination beams is symmetric with respect to at least one of the
first direction or the second direction.

7. The multipole illumination system of claim 1, wherein intensities of the two or more
illumination beams are selectable based on intensities of the one or more drive
signals to the first and second acousto-optic deflectors.

8. The multipole illumination system of claim 1, wherein locations of the two or more

illumination beams in the plane formed by the first and second directions are
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selectable based on frequencies of the one or more drive signals to the one or more
acousto-optic deflectors.

9. The multipole illumination system of claim 1, further comprising: one or more
apertures to block at least some light diffracted by at least one of the one or more
acousto-optic deflectors.

10. The multipole illumination system of claim 1, wherein the symmetric distribution
of the two or more illumination beams comprises: at least one of two illumination
beams arranged in a dipole distribution or four illumination beams arranged in a
guadrupole distribution.

11. The multipole illumination system of claim 1, wherein the one or more acousto-
optic deflectors are formed from two or more transducers and a common acoustic
medium.

12. The multipole illumination system of claim 1, wherein at least one of the one or
more acousto-optic deflectors is oriented in a Raman-Nath configuration to
symmetrically diffract light.

13. The multipole illumination system of claim 1, wherein the one or more acousto-
optic deflectors comprise: a first acousto-optic deflector oriented to receive the
source beam in a Raman-Nath configuration to symmetrically diffract light along the
first direction; and a second acousto-optic deflector oriented to receive light from the
first acousto-optic deflector in a Raman-Nath configuration to symmetrically diffract
light along the second direction.

14. The multipole illumination system of claim 1, wherein at least one of the one or
more acousto-optic deflectors is oriented in a Bragg configuration.

15. The multipole illumination system of claim 1, wherein the one or more acousto-
optic deflectors comprise: a first acousto-optic deflector oriented to receive the
source beam in a Bragg configuration; a first aperture to selectively pass +/-1
diffraction orders distributed along the first direction from the first acousto-optic
deflector; and a second acousto-optic deflector oriented to receive at least one of the
+/-1 diffraction orders from the first aperture in a Bragg configuration and diffract light
along the first direction, wherein the second deflector at least partially corrects
asymmetric dispersion from the first acousto-optic deflector.

16. The multipole illumination system of claim 15, wherein the one or more acousto-
optic deflectors further comprise: a third acousto-optic deflector oriented to receive
the diffracted light along the first direction in a Bragg configuration and diffract the
light along the second direction; a second aperture to selectively pass +/-1 diffraction
orders distributed along the second direction from the third acousto-optic deflector;
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and a fourth acousto-optic deflector oriented to receive the +/-1 diffraction orders
from the second aperture in a Bragg configuration and diffract light along the second
direction, wherein the fourth acousto-optic deflector at least partially corrects
asymmetric dispersion from the third deflector.

17. The multipole illumination system of claim 1, wherein the second direction is
orthogonal to the first direction.

18. The multipole illumination system of claim 1, wherein the illumination source is
spatially coherent.

19. The multipole illumination system of claim 1, wherein the wavelengths of the
source beam from the illumination source are tunable.

20. The multipole illumination system of claim 1, wherein the illumination source
includes a single-mode fiber.

21. The multipole illumination system of claim 20, wherein the single-mode fiber
comprises: a photonic crystal fiber.

22. The multipole illumination system of claim 1, wherein the illumination source
comprises: a laser source.

23. The multipole illumination system of claim 22, wherein the illumination source
comprises: a supercontinuum laser source.

24. The multipole illumination system of claim 1, wherein the illumination source
comprises: a broadband illumination source; and a spectral filter.

25. An overlay metrology system comprising: an illumination source configured to
generate a source beam; one or more acousto-optic deflectors to diffract light along
a first direction; an objective lens, wherein the objective lens directs at least some of
the diffracted light as two or more illumination beams from the one or more acousto-
optic deflectors to a sample; a detector configured to capture light from the sample in
response to the two or more illumination beams to generate a measurement signal;
and a controller communicatively coupled to the one or more acousto-optic
deflectors and the detector, the controller including one or more processors
configured to execute program instructions causing the one or more processors to:
generate one or more drive signals for the one or more acousto-optic deflectors,
wherein the one or more drive signals cause the one or more acousto-optic
deflectors to generate a symmetric distribution on the sample of the two or more
illumination beams formed from light diffracted from the one or more acousto-optic
deflectors and collected by the objective lens, wherein a distribution of wavelength
and intensity of the two or more illumination beams is symmetric with respect to the
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first direction; and determine a metrology measurement of the sample based on the
measurement signal.

26. The overlay metrology system of claim 25, wherein the sample includes overlaid
diffraction gratings on two or more sample layers, wherein the measurement signal
includes a pupil plane signal, wherein the one or more processors are further
configured to execute program instructions causing the one or more processors to:
determine overlay between the two or more sample layers based on the
measurement signal.

27. The overlay metrology system of claim 25, wherein the one or more drive signals
cause the one or more acousto-optic deflectors to generate the two or more
illumination beams simultaneously.

28. The overlay metrology system of claim 25, wherein the one or more drive signals
cause the one or more acousto-optic deflectors to generate the two or more
illumination beams sequentially.

29. The overlay metrology system of claim 25, wherein intensities of the two or more
illumination beams are selectable based on at least one of intensities or frequencies
of the one or more drive signals to the first and second acousto-optic deflectors.

30. The overlay metrology system of claim 25, further comprising: one or more
apertures to block at least some light diffracted by at least one of the one or more
acousto-optic deflectors.

31. The overlay metrology system of claim 25, wherein the controller is further
communicatively coupled to the illumination source, wherein the one or more
processors are further configured to execute program instructions causing the one or
more processors to: generate a first illumination drive signal to cause the illumination
source to generate the source beam having a first spectrum; generate the drive
signals for the one or more acousto-optic deflectors to provide a symmetric
distribution of the one or more illumination beams on the sample based on the first
spectrum; determine a first metrology measurement of the sample based on the first
spectrum; generate a second illumination drive signal to cause the illumination
source to generate the source beam having a second spectrum; generate the drive
signals for the one or more acousto-optic deflectors to provide a symmetric
distribution of the one or more illumination beams on the sample based on the
second spectrum; and determine a second metrology measurement of the sample
based on the second spectrum.

32. The overlay metrology system of claim 25, wherein at least one of the one or
more acousto-optic deflectors is oriented in a Raman-Nath configuration to

symmetrically diffract light.
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33. The overlay metrology system of claim 25, wherein at least one of the one or
more acousto-optic deflectors is oriented in a Bragg configuration.

34. The overlay metrology system of claim 25, wherein the one or more acousto-
optic deflectors comprise: a single acousto-optic deflector.

35. The overlay metrology system of claim 25, wherein the one or more acousto-
optic deflectors comprise: two or more acousto-optic deflectors placed in series.

36. A method for scatterometry overlay determination comprising: generating a
source beam; diffracting the source beam along at least a first direction and a
second direction different than the first direction with one or more acousto-optic
deflectors; directing at least some of the diffracted light from the one or more
acousto-optic deflectors as two or more illumination beams to a sample; generating
one or more drive signals for the one or more acousto-optic deflectors to provide the
two or more illumination beams on a sample at a symmetric distribution of incident
angles, wherein a distribution of wavelength and intensity of the two or more
illumination beams is symmetric with respect to the first and second directions;
capturing light from the sample in response to the illumination beams to generate a
measurement signal; and determining a metrology measurement of the sample
based on the measurement signal.
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