REFLECTI VE LOOP SYSTEM PRCODUCI NG | NCOHERENT  RADI ATl ON
‘BACKGROUND Field of the Invention [0001] The present
invention relates to radiation systens. Related Art
[0002] A lithographic apparatus is a nmachi ne that
applies a desired pattern onto a substrate or part of
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comprises an array of individually controllable elements. The pattern can be
changed more quickly and for less cost in such a system compared to a mask-
based system.

[0004] A flat panel display substrate is typically rectangular in shape.
Lithographic apparatus designed to expose a substrate of this type can provide
an exposure region that covers a full width of the rectangular substrate, or
covers a portion of the width (for example half of the width). The substrate
can be scanned underneath the exposure region, while the mask or reticle is
synchronously scanned through a beam. In this way, the pattern is transferred
to the substrate. If the exposure region covers the full width of the substrate

then exposure can be completed with a single scan. If the exposure region

covers, for example, half of the width of the substrate, then the substrate can




be noved transversely after the first scan, and a
further scan is typically perforned to expose the
remai nder of ‘the substrate. [0005] Typically,
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[0007] The speckle pattern can be further reduced through movement of the
optical element with respect to the illumination beam. The movement of the
optical element changes a phase distribution for each copy of the coherent
beams, which changes the speckle pattern for a set of copies of the coherent
beam. Through integrating (e.g., summing) of all the speckle patterns,
uniform light is produced. However, a significant movement of the optical
element is needed to substantially eliminate the speckle patterns. Also,
typically the significant movement must be done within a short period of time,

for example an exposure time. In an example where 30 pulses are used from a




el ement is needed to substantially elimnate the
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radiation produces a coherent or partially coherent beam. The reflective loop

system is configured to receive the at least partially coherent beam and reflect
the partially coherent beam through a loop, or alternatively through non-
overlapping loops, to form a more incoherent beam.

[0011] Additionally, or alternatively, the system can be a laser. Additionally,
or alternatively, the system can be an illuminator.

[0012] Additionally, or alternatively, two or more reflective loop systems can
be optically coupled in series.

[0013] Additionally, or alternatively, the system can be located within a

lithography system, which includes a patterning device and a projection




or alternatively, the systemcan be an illum nator.
[0012] Additionally, or alternatively, two or nore
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[0017]I nventll“igtrffes 1 and 2 depict lithographic apparatus, according to various
embodiments of the present invention.

[0018] Figure 3 depicts a mode of transferring a pattern to a substrate
according to one embodiment of the invention as shown in Figure 2.

[0019} Figure 4 depicts an arrangement of optical engines, according to one
embodiment of the present invention.

[0020] Figures 5, 6, and 7 show various radiation producing arrangements
including a reflective loop system, according to various embodiments of the
present invention.

[0021] Figure 8 shows a reflective loop system including a first reflective loop
system and a second reflective loop system, according to one embodiment of

the present invention




[0020] Figures 5, 6, and 7 show various radiation
produci ng arrangenents including a reflective |oop
system according to various enbodi ments of the
present invention. [0021] Figure 8 shows a reflective
| oop systemincluding a fi rst reflective | oop system
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source of radiation and a reflective |oop system The
source of radiati u rent or a
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' §ltemat1vely through non-overlapping loops, to form an more incoherent
beam. In one example, through production of an incoherent beam in this
configuration, no coherent part of the illumination beams interferes with other
coherent parts of the illumination, such that no speckle is produced.

[0027] Throughout the specification, the processing of coherent laser beams is
equally applicable to processing of partial coherent beams, or vice versa, such
as beams that contain multiple modes (e.g., transverse and temporal). Thus,
the scope of the various embodiments of the present invention are
contemplated to cover various types of beams.

0028] While specific configurations and arrangements are discussed, it
should be understood that this is done for illustrative purposes only. A person
skilled in the pertinent art will recognize that other configurations and

arrangements can be used without departing from the spirit and scope of the
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[0034] The term “patterning device” or “contrast device” used herein should
be broadly interpreted as referring to any device that can be used to modulate
the cross-section of a radiation beam, such as to create a pattern in a target
portion of the substrate. The devices can be either static patterning devices
(e.g., masks or reticles) or dynamic (e.g., arrays of programmable elements)
patterning devices. For brevity, most of the description will be in terms of a
dynamic patterning device, however it is to be appreciated that a static pattern
device can also be used without departing from the scope of the present

invention.




el ectrostatic or other types of optical conponents, or
any conbination thereof, for directing, shaping, or
controlling radi ati on. [0034] The term "patterning
devi ce" or "contrast device! used herein should be
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[0038] A programmable mirror array can comprise a matrix-addressable
surface having a viscoelastic control layer and a reflective surface. The basic
principle behind such an apparatus is that, e.g., addressed areas of the
reflective surface reflect incident light as diffracted light, whereas unaddressed
areas reflect incident light as undiffracted light. Using an appropriate spatial
filter, the undiffracted light can be filtered out of the reflected beam, leaving
only the diffracted light to reach the substrate. In this manner, the beam
becomes patterned according to the addressing pattern of the matrix-

addressable surface.




plurality of progranmable elenments (e.g., all the

devi ces nentioned in the previous sentence except for

the reticle), are collectively referred to herein as

"contrast devices." In one exanple, the patterning
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ceramic substrate, a glass substrate, or a plastic substrate. The substrate may
be transparent (for the naked human eye), colored, or absent a color.

[0049] The thickness of the substrate can vary and, to an extent, can depend,
e.g., on the substrate material and/or the substrate dimensions. In one
example, the thickness is at least 50um, e.g., at least 100um, at least 200um, at
least 300pm, at least 400um, at least 500um, or at least 600pm. The thickness
of the substrate may be at most 5000um, e.g., at most 3500pm, at most
2500pm, at most 1750um, at most 1250um, at most 1000um, at most 800um,
at most 600pm, at most 500pm, at most 400pum, or at most 300um.
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substrate, a glass substrate, or a plastic substrate.
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array f ocusi n nts A
greater tLan the number o?nf%cusmé elgnents m)the array of focusing

elements. In one example, one or more (e.g., 1,000 or more, the majority, or
about each) of the focusing elements in the array of focusing elements can be
optically associated with one or more of the individually controllable elements
in the array of individually controllable elements, e.g., with 2 or more of the
individually controllable elements in the array of individually controilable
elements, such as 3 or more, 5 or more, 10 or more, 20 or more, 25 or more,
35 or more, or 50 or more. In one example, the MLA is movable (e.g., with
the use of one or more actuators) at least in the direction to and away from the
substrate. Being able to move the MLA to and away from the substrate

allows, e.g., for focus adjustment without having to move the substrate.




conprises at |east 10 focus elenents, e.g., at |east
100 focus elenents, at least 1,000 focus elenents, at
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most 425nm, at most 375nm, at most 360nm, at most 325nm, at most 275nm,

at most 250nm, at most 225nm, at most 200nm, or at most 175nm. In one
example, the radiation has a wavelength including 436nm, 405nm, 365nm,
355nm, 248nm, 193 nm, 157nm, and/or 126 nm. In one example, the
radiation includes a wavelength of around 365nm or around 355nm. In one
example, the radiation includes a broad band of wavelengths, for example
encompassing 365, 405, and 436nm. A 355nm laser source could be used.
The source and the lithographic apparatus can be separate entities, for example

when the source is an excimer laser. In such cases, the source is not




The term "imersion' 'as used herein does not nean
that a structure, such as a substrate, nust be
subnerged in liquid, but rather only neans that |iquid
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array of individually controllable elements) and is modulated by the patterning

device. Having been reflected by the patterning device PD, the radiation beam
B passes through the projection system PS, which focuses the beam onto a
target portion C of the substrate W. With the aid of the positioner PW and

position sensor IF2 (e.g., an interferometric device, linear encoder, capacitive

sensor, or the like), the substrate table WT can be moved accurately, e.g., so as
to position different target portions C in the path of the radiation beam B.
Where used, the positioning means for the array of individually controtlable
elements can be used to correct accurately the position of the patterning device

PD with respect to the path of the beam B, e.g., during a scan.



be adjusted. In addition, the illumnator IL can
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radiation B and reflects it back to the beam splitter BS which transmits the
modulated beam to the projection system PS. It will be appreciated, however,
that alternative arrangements can be used to direct the beam of radiation B to
the patterning device PD and subsequently to the projection system PS. In
particular, an arrangement such as is shown in Figure 1 may not be required if
a transmission patterning device is used.

[0061} The depicted apparatus can be used in several modes:

[0062] 1. In step mode, the array of individually controllable elements
and the substrate are kept essentially stationary, while an entire pattern

imparted to the radiation beam is projected onto a target portion C at one go
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strip of the substrate. The process is repeated until the complete substrate W

has been exposed line by line.




node, the maxi mum size of the exposure field limts
the size of the target portion Cinmaged in a single
static exposure. [0063] 2. In scan node, the array of
individually controllable elenments and the substrate
are scanned synchronously v#ile a pattern inparted to
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synchrohi zed to the updating of the pattern on the
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used. .. . .
recgive a radiation dose above a given dose threshold respond differently to

portions of the substrate that receive a radiation dose below the dose threshold.
For example, in an etching process, areas of the substrate that receive a
radiation dose above the threshold are protected from etching by a layer of
developed resist. However, in the post-exposure development, the portions of
the resist that receive a radiation dose below the threshold are removed and
therefore those areas are not protected from etching. Accordingly, a desired
pattern can be etched. In particular, the individually controllable elements in
the patterning device are set such that the radiation that is transmitted to an
area on the substrate within a pattern feature is at a sufficiently high intensity

that the area receives a dose of radiation above the dose threshold during the




[0066] 5. In pixel grid imging node, which can be
perfornmed using the |ithographic apparatus of Figure
2, the pattern forned on substrate Wis realized by
subsequent exposure of spots forned by a spot
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intensity values.

[0071] It should be appreciated that grayscaling can be used for additional or
alternative purposes to that described above. For example, the processing of
the substrate after the exposure can be tuned, such that there are more than two
potential responses of regions of the substrate, dependent on received radiation
dose level. For example, a portion of the substrate receiving a radiation dose

below a first threshold responds in a first manner; a portion of the substrate




[0069] In practice, the radiation dose at the edges of
a pattern feature does not abruptly change froma

gi ven maxi mum dose to zero dose even if the

i ndividually control'l abl e el ements are set to provide
the maxi numradiation intddAsity on one side of the
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responds in a first manner; a.dporti on . of the substrate
to be formed on the substrate can be provided to the lithographic apparatus in

a vector-defined format, such as GDSII. In order to convert the design
information into the control signals for each individually controllable element,
the controller includes one or more data manipulation devices, each
configured to perform a processing step on a data stream that represents the
pattern. The data manipulation devices can collectively be referred to as the
“datapath.”

[6074] The data manii)ulation devices of the datapath can be configured to

perform one or more of the following functions: converting vector-based




17 receiving a radiation dose above the first
threshol d but bel ow a second threshold responds in a
second manner; and a portion of the substrate
receiving a radi ati on dose above the second threshold
responds in a third mannerl8 Accordingly, grayscaling
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| ternat additional l.y control
10076 e pories it BT e B PUfSER rommES BELREE i booh
SRS WRicBRAPHEEStwol 108sE31. 1) 12 oTKiefirst Rné 0113 hidghged to
reqU|red pattern on the substrate, it is necessary to
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ge Sl t he "exposure

smmbﬁ befira[B esandiveiged hel irs Equssd be tisd adcond lomedi2 ., a
transmtted to each of the individually controllable

idddd¢iss. I n one exanple, the lithographic apparatus
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patt ubstrate
camariged pr eeéide thet exphinded| madubrgeduptiatiom Bp dpidifevsnt iportioas of

o v BPicsa HOgR DR Gt SRR € HEC BhrRge of the
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the contfol ler includes one or nore data manipul ation
desvpectivg didkerent lesas inihe aray of l;ﬁelsEdeYIhﬁa Eachdessfogyses tthp
orESpecgve po%toh%?'%et rrr]l%&ula{%g &t a‘tatlonsoeameB to a point which lies on
the substrate W. In this way an array of radiation spots S is exposed onto the
substrate W. It will be appreciated that, although only eight lenses of the
illustrated array of lenses 14 are shown, the array of lenses can comprise many
thousands of lenses (the same is true of the array of individually controllable
elements used as the patterning device PD).
[0078] Figure 3 illustrates schematically how a pattern on a substrate W is
generated using the system of Figure 2, according to one embodiment of the
present invention. The filled in circles represent the array of spots S projected

onto the substrate W by the array of lenses MLA in the projection system PS.
The substrate W is moved relative to the projection system PS in the Y




pattern. The data mani pul ati on devi ces can
collectively be referred to as the "datapath." [0074]
The data mani pul ati on devices of the datapath can be
configured to performone or nore of the foll ow ng
functions: converting vect dP- based 18 desi gn
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t9ediMefiond)ne TREAN @dne" &k | Pien_fleCsubstrA8BS Nnoved in the
applicable. [0076] As shown in Figure 2, the
preerang idoreciigrs (e Plifeniadn)deacharadetion spop avitlepass whiet la
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AS. A Eur%her ens AL can be | ocated in the aperture.
Thest 20501t p@n dbanast B taiamost Pheit geest dndatimost delis ampst

d]fS"ng %Qt bﬁﬂs, zl'ter -Pose, &r alf hl%lstdo.b?gs}[n th %Zgrhgl;g,hﬁle

t
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ool St 2015 e B el SRRSO S
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device PD, "pass through respective different |enses
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substrate It will be appreciated that, althou%h
dhatyheedgetof| ang sy of radigion spots (e.g., spots S in Figure 3) slightly

overlaps (in the scanning direction Y) with the edge of the adjacent array of

<

radiation spots. In one example, the optical engines are arranged in at least 3
rows, for instance 4 rows or 5 rows, In this way, a band of radiation extends
across the width of the substrate W, allowing exposure of the entire substrate
to be performed in a single scan. It will be appreciated that any suitable
number of optical engines can be used. In one example, the number of optical
engines is at least 1, e.g., at least 2, at least 4, at least §, at least 10, at least 12,
at least 14, or at least 17. In one example, the number of optical engines is
less than 40, e.g., less than 30 or less than 20.

[0081] Each optical engine can comprise a separate illumination system IL,

patterning device PD and projection system PS as described above. It is to be




illustrated array of |enses 14 are shown, the array of
| enses can conprise many thousands of |enses (the
same is true of the array of individually controllable
el enents used as the patterning device PD). [0078]
Figure 3 illustrates schemag?cally how a pattern on a
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shown), arranged in two rows RI, in a "chess board"
cbqrﬁmstpémqedra es gadh loop or round trip (heremafter both terms will be

considered interchangeable and be referred to as loop, unless otherwise noted),
for one or more loops. Additionally, each loop is longer than a temporal
coherence length of partiaily coherent beam 502, such that substantially no
interference of light occurs within reflective loop system RL. By eliminating
interference, speckle patterns are eliminated.

[0085] It is to be appreciated that reflective loop system RL can be considered
a beam expander, a delay loop, a field defining element, or the like, depending
on 1ts positioning and application within a particular optical system, as would
be apparent to a skilled artisan upon reading and understanding this
description. These non exhaustive exemplary reflective loop systems are

described in more detail below.




that the edge of one array of radiation spots (e.g.,
spots Sin Figure 3) slightly overlaps (in the
scanning direction Y) with the edge of the adjacent
array of radiation’'spots. In one exanple, the optical
engines are arranged in at2least 3 rows, for instance
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[0089] Additionally, or alternatively, radiation systems 500, 600, and 700 can
be used in place of any illumination system that requires forming of an
incoherent light beam and/or more uniform light, for example to substantially
eliminate speckle patterns by not allowing speckle to occur.

[0090] Figure 8 shows a reflective loop system RL including a first reflective
loop system RL1 (e.g., an upstream system) and a second reflective loop
system RL2 (e.g., a downstream system), according to one embodiment of the
present invention. Additionally, or alternatively, optics can be used between
first and second reflective loop systems RI.1 and RL2. For example, the

optics can include cylindrical lenses to optically couple reflective loop systems

RLI and RL2. Through use of two sequential reflective loop systems RL1
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or more loops or roundtrips to produce another beam of incoherent radiation.
For example, if there are (Mx) loop path systems in series, every loop path
creates N incoherent copies of the at least partially coherent beam 502. The
total number of modes realized using a series of reflective loop systems RL
equals N“M, instead of N*M when the copies are produced within a single
reflective loop system RL. In some applications, having series coupled
reflective loop systems RL may be desirable, for example because an amount
of reflection scales with N*M and the transmission scales with ~Re*(IN*M)

(where Re is reflectance percentage of reflective devices within each reflective

loop system). Thus, when using multiple reflective loop systems in series they




di scussed above. Additionally, or alternatively, sone
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Exemplary Reflective Loop System Configurations

[0098] Figures 9, 10, 11, 12, 13, 14, 15, 16, and 17 show various reflective

loop systems RL, according to various embodiments of the present invention.
First Exemplary Reflective Loop System Configuration

[0099] Figure 9 shows a first configuration of a reflective loop system RI.9,

while Figures 10, 11, and 12 show similar respective reflective loops systems




of the radiation source SO radiation, e.g., at |east
partially coherent radiation 502. Additionally, or
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locations. Similarly, through moving or tilting of third reflector 914
subsequent bounces at the second and fourth reflector are at different
locations.

[0101] Additionally, or alternatively, the first mirror is divided into two mirror
segments. In this example, since then every mirror gets bounced only once
per roundtrip.

[0102] Additionally, or alternatively, respective first through fourth reflectors
910-916 can be arranged to allow for a loop path through reflective loop
system RL9Y to be larger than a temporal coherence length of the at least
partially coherent radiation beam 502 (which beam is not specifically shown,

but see Figures 5, 6, 7, and 8).




i ncoherent copies of the at |east partially coherent
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| swohithgy dfieanadhsron®d trip or loop a different pOI'thl’l of the looping beam
1s transmitted through pin hole 1022, as described below.,

[0105] In operation, at least partially coherent beam 502 enters reflective loop
system at entrance point 1018 and reflects, in sequence, from: second reflector
912, first reflector 910, third reflector 914, first reflector 910, fourth reflector
916, second reflector 912, and first reflector 910. After this last reflection, a
portion of the looping beam reflects from third reflector 914 and follows the
above sequence, and a portion of the looping beam exits from reflective loop
system RL10 through exit 1022 at pin hole 1020 in third reflector 914 to form
incoherent beam 504. Thus, if more than one loop is performed, after each
loop, a portion of the looping beam will be transmitted through exit 1020 to

form incoherent beam 504,




concentrated, while a pupil is where the | oopi ng beam
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Rirgsene enventi@. In thigrrxagiple, an opening or pin hole 1222 is formed in
third reflector 914, which opening 1222 serves as entrance position 1218.

Also, in this example an opening or pin hole 1226 is formed in first reflector
910, which serves as exit position 1220. Otherwise, the same basic principles
as discussed above regarding the operation of reflective loop system(s) RL10
and RL11 apply.

[0109] In operation, at least partially coherent beam 502 enters reflective loop
system RL12 through pin hole 1222 in third reflector 914 and is reflected, in
sequence, from: first reflector 910, second reflector 912, fourth reflector 916,
first reflector 910, and third reflector 914. After this reflection from third
reflector 914, a portion of the looping beam is transmitted through pin hole

1226 in first reflector 910, which acts as exit 1120, to form incoherent beam




[0104] Figure 10 shows an entrance position 1018 at
arrow A and an exit position 1020 at arrow B of a
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| oopi ng beamexits fromreflective |oop systemRLIO

{0111]‘9hlr OUgﬁg%EtliO?z% 8t PENW1e YARP d Beddid" SodRfukRBhOBS

14 to Torm incoherent” beam 504. Thus, if nore than
orepectivprafieciyer fooprayetemaRE B toeRE H handng vamoysomiiaoes afd
the | ooping beamwi |l be transpitted rough exit 20
LB PO aETeTR b SO giienfioh B BerF et o8
STigWSseadhde RbAAAGHRIE0Sdst bvnl Inl Sefbdcting rovp Ayaest RD.18Xid
position 1120 at arrow B of a reflective | oop system
Reomprisad cefr dirsigard ssaend aptiesinreeli30oand hE333r éagmtcurved

P RIER0SP ResneBtel 0 P HORE ey 3 Of BFhele Bk RS, ana
1s2and erfeerad3 Bhtd 362 capdsi dangmiséd 26 twAl RDOr Segtnnts.

exanpl e the heam.is out-coupled through exi osi tion
11118 sgandgeon IngéﬁfléﬁtrFﬁétSdé\}F EFUYe 290D Pyyiera aging two

(416 Bl ) pupi SRR nd Grip ! HEoRAFEMBRS e Riph10 Ghe RS 8
gardi ng the
located in an area that is between respective first and second reflectors 1330
and 1332. Alternatively, the pupils and the fields are located at respective
surfaces first and second reflectors 1330 and 1332. In either example, because
two pupils and fields are present, entrance and exit positions can be chosen
from these two positions. Each of respective first and second reflectors 1330
and 1332 has a radius of curvature R. A focal length F of reflective loop
system RL13 can be equal to the radius of curvature R.

[0112] Alternatively, or additionally, one or both of respective first and

second reflectors 1330 and/or 1332 can have first and second halves or

portions that are moveable with respect to each other. Based on this




operation of reflective | oop system RL10 apply. [0107]
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riaft sescighreo M 4.i% end Bef | ect or 910 and fol | ows the above

[0115] Figures 14 and 15 show first and second loop paths, respectively,

within a reflective loop system RL14, according to one embodiment of the
present invention. At least partially coherent beam 502 enters reflective loop
system RIL14 through a pin hole or opening 1434 in second reflector 1332,
which opening 1434 also functions as both an entrance and exit of reflective
loop system RL14. In this example, first reflector 1330 includes first half or
portion 1330A and second half or portion 1330B. First portion 1330A is
moveable with respect to second portion 1330B so that its reflecting surface is
misaligned or tilted with respect to a reflecting surface of second reflector

1332, which allows for the “walking” as discussed above.




sequence again. Thus, if nore than one loop is

perfornmed, after each |loop, a portion of the |ooping

beamwi |l be transmtted through exit 1220 to form

i ncoherent beam 504 (which beamis not shown). [0110]

The positions of entrances Znd exits in reflective
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1680 cegent, 38 thecpanspseticorfdiigwe d 5 dfeatvwalkiis peourriegfvem tright
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S éf%h1RL having two fields and two pupils per round
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that are noveable with respect to each other. Based on
t pin froiegl 636 in first reflector 1330 is used as an entrance and exit point. At
least partially coherent beam 502 enters reflective loop system RL16 through
pin hole 1636 in first reflector 1330. In this example, second reflector 1332
comprises first half or portion 1332A and second half or portion 1332B. First
portion 1332A 1is moveable with respect to second portion 1332B. A
reflective surface of first portion 1332A can be misaligned or tilted with
respect to a reflective surface of first reflector 1330, which allows for the
“walking,” as discussed above.
[0119] In one example, as seen in Figure 16, after passing through the
entrance 1636, at least partially coherent beam 502 is reflected, in sequence,
from: first half 1332A of second reflector 1332, first reflector 1332, second

half 1332B of second reflector 1332, and back to first reflector 1330. Arrow E




novenent, the pupils and fields are located in
positions at respective first and second reflectors
1330 and 1332, and not between reflectors 1330 and
'1332. [0113] Additionally, or alternatively,
respective first and secondreflectors 1330 and 1332
cstnwse “beanangdkl’ twcaringwafieor tha fisopopgatastchrooutjte partial

fl ect | t RL13 be..| th .
B e B e 1 T oo S5 ot S Bap i
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ipfter each | oop. This malklng can allow for a
portlon of the beamto exit reflective | oop system
RL13 after each |oop, and a portion of the beamto
reflect through the | oop again. Increasing a nunber
of | oops nmade by the | oopi ng beam can i ncrease
i ncoherency in incoherent beam 504 (which beamis not
specifically shown, but see Figures 5 6, 7, and 8).
[0115] Figures 14 and 15 show first and second | oop
pat hs, respectively, wthin a reflective |oop system
RL14, according to one enbodi ment of the present
invention. At |east partially coherent beam 502 enters
reflective loop system RL14 through a pin hole or
openi ng 1434 in second reflector 1332, which opening
1434 al so functions as both an entrance and exit of
reflective |oop systemRL14. In this exanple, first
reflector 1330 includes first half or portion 1330A
and second half or portion 1330B. First portion 1330A
is mnoveable with respect to second portion 1330B so
that its reflecting surface is




m saligned or tilted with respect to a reflecting
surface of second reflector 1332, which allows for
the "wal ki ng" as di scussed above. 29 [0116] In one
exanpl e, as seen in Figure 14, after passing through
the entrance 1434, at Ieast3partially coherent beam
5@ExeinplareArigngament phReleptizateop Systgm first hal f 1330A
of first reflector 1330, second reflector 1332, second
hal f 1330B of first reflector 1330, and back to second
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after the first | oop based on the partia

HepimgaelaBenshinst i ng of first reflector 1330 with

respect to second reflector 1332. Then, as seen in
Figure 15 (first loop fromFigure 14 is dashed |ines
in Figure 15, and second loop is solid lines in
Figure 15), @a sgg ﬁglloop is forned, in sequence,
froma reflection\frpom second reflector 1332, first
hal f 1330A of firstyreflector 1330, second reflector
1332, and segqngnﬁﬁi 1330B of first reflector 1330.
Arrow D shows a "héam wal k" after the second | oop. As
can be seen, in the perspective of Figure 15 beam
wal k is occurri fromright to left. [0117] If

additiond?=ﬂoﬁpg§&ﬂ% pepfordedy after each subsequent

| oop, a pogqug_ of the Iogpi g -\beam wi | | be
épl

transmtte fhroﬁbh xit 1 tod formincoherent beam
504 (which beamis not shown). For exanple, after

| oopi ng tthughj;refleciize Io??)systen1RL14, a
portion of thex.qoping eartss ansmtted through
exit 143@a=5ﬁ5“§;?;nﬁining portion of the |ooping beam
is reflected om-‘second reflector 1332 to follow the
“szLoop Pahfeagain. [0118] Figures 16 and 17 show first
nd second | oop paths, respectively, wthin the
second confi gur at¥;erbeetn sazerag Entenice Yreml] oop syst em RL16,
according to dnrebeanbdidéngee aoénttdnee pnmdent i nventi on.
I'n this configurat kpabean sepandsindi] pin hole 1636 in
first reflector g133RahiksQecast it [@ithdjance and exit

point. At |east pagLighlb¥ s@ReHaRInsbeam 502 enters
reflective | oop system RL16 throug pin hole 1636 in

first reflector 1330. [ I second
refl ector 1332 %B_EF?éggﬁpoigﬁéagﬁﬂigr portion 1332A
and second hal f ot SBTEE aﬁ@%@é’mfﬂ t portion 1332A
i s moveabl e with respedield 8P M8l portion 1332B. A
reflective surface=dramisizsat Beldmias [1832A can be
m sal i gned or t itk Téiét ofibeam in field plane [rad]

tp = tilt of beam in pupil plane [rad]




respect to a reflective surface of first reflector
1330, which allows for the "walking," as discussed
above. [0119] In one exanple, as seen in Figure 16,
after passing through the ntrance 1636, at | east
artially coherent beam 5024 s reflected, in sequence,
[01235) rom flihedellowing Tablgdshowvs sueroplary peraaetersican bg psed for gp

r ' ec | f 1332B of second refl ector
1%‘1?\?8%&&6@%%@89%03%?%?I?%TI ector 1330. Arrow E 30

shows "beam wal k" occurriia@lg ter the first | oop based
on the partial msalignnment or tilting of a

Mgl gCTi ve surface of firstjrefrector wrn 1330 Wi h
nespect to a reflective surtace of second reflector
1832. Then, as|Baergenee inFi guferalf, a secondOl oop is
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X, k" after theFisasmedut oop| [Ms]can be sgel®, in the

yer-spectiveof _Figure 17 beamwalkis-—gecurringfron
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erformed, aftler each subSequent {oop, a [portiom of
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{ Oufpmt m i ncoherent beam 504 (whi ch beamii s not
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Bopi ng beam i _S,F‘{Cﬁlalﬁ%gjfhtted E%Fough exit 16¥6, and a
prmer i Mg por UrAN ahenihl© | PRRLNY beam 13 g &f Fected
from first ref]l ecto:prf%go tp"fofl ow the lloop path
agai n. 31 Exgrfilidieyd Arrangepmat]] of Ref | ¢diode Loop

System-[01211 U n-one. exa%neﬂ-eeﬁ—v&#e%g%em—
Rﬂe can be arrangéd@uBhsed on [re38d] £ ol | owi ng-0

etattonstips:f t I tP=sin(tj=sin( X [F
D=2sin(d')F Nxa
Other
Loop length [m] 4
Total length [m] 40
Total time [ns] 133
X Field mirror size | [mm] 50
D Beam (@ pupil [mm] 100

Exemplary Graphical Representation of Output Illumination from Reflective
Loop System

[0124] Figure 18 graphically depicts entrance and exit illumination intensity
distribution from a reflective loop system RL (not shown), according to one
embodiment of the present invention. For example, any of the above
discussed reflective loop systems can be used as reflective loop system RL of
this embodiment. In one example, an entrance of reflective loop system RL
will receive an intensity distribution 1800. An exit of reflective loop system

RL for each loop or round trip is arranged to select different parts 1802 of




F, D=Nxo 2sin( 2') X=Nfo 1 2. F aresin(do do =
sin( 2FJ fo = N [0122] where: | x; = beam size at
entrance [m] d; = beam divergence at entrance [nrad]
X0 = beam size at exit [mT] do = beam di vergence at
exit [nrad] N = nunber of f3¥ oundtrips F = focal

I eliﬁgliﬂrutioh off dight L&Edexiting refbectlvbéwp sisteen RL. ppiotrtppt atrtbe

biekinds Pefealyra Suratyelt i sty isPdhiiont deby sashihat e
= ohiput eQibRRe @rﬁﬂlﬁnﬂuﬂtelnsxﬁ’} arsild 1808, 33 oﬂeoé?a%plér aphic

fol'ow ng Tabl e shows exenpl ary paraneters can

ud 8ep frmesantswénhgﬂ andy graphilc ekSﬂB wepﬂewpﬁ smdm RLOperatlon
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Ohﬁunﬁr’fﬂin Witer Nadh fcﬁkiﬂdﬁﬁ | eﬁlsmﬂa@e sk Ak sE‘grE&ﬁ&b theeR@t ko
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[ ﬂqed@]xt pat 3802 of light dis on 1804 exit loop system RL.

An integral of the sum 1808 combining each round trip’s intensity profile
1806 is determined after each or all round trips, which is desirably uniform.

[0125] Additionally, or alternatively, reflective loop system RL can function
as a beam expander. By making the entrance window larger than the beam
size, the etendue of the beam increases. The etedue of the beam is defined as
the product of the field distribution and angular distribution of light. The
etendue increase equals entrance window size divided by the entrance beam
size.

[0126] Additionally, or alternatively, a reflective loop system RL can function
as a field defining element in an exposure illumination system. When used as a
field defining element, reflective loop system RL points within the pupil can
be truly incoherent, such that no speckie is caused. Thus, no speckle reduction
is required because no speckle is generated. For example, when used as a field
defining, an exit beam can be an incoherent sum of all light exiting per round
trip (see Figure 18).

[0127] Additionally, or alternatively, a reflective loop system RL can be used
as a pulse stretcher. For example, as an exit pulse length stretched, such that

an exit pulse length will be equal to the entrance pulse length + the total delay

of the system (number of round trips * length of one round trip).
Exemplary Operation

[0128] Figure 19 is a flowchart depicting a method 1900, according to one
embodiment of the present invention. For example, method 1900 can be
performed using any one of systems 500, 600, 700, or 800 using any one of
the exemplary reflective loops systems RL and RLS to RL17, as described

above.
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thereof. The patterning device is moved out of the resist leaving a pattern in it

after the resist is cured.




size. [0126] Additionally, or alternatively, a
reflective | oop systemRL can function as a field
defining elenent in an exposure illum nation system
When used as a field defining elenment, reflective
| oop system RL points W t hPh the pupil can be truly
i ncoherent, such that no speckle is caused. Thus, no
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applications. Applications include, but are not
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patterns for rmagnetic domain nenories, flat-pane
di spl ays, liquid-crystal displays




(LCDs), thin-film magnetic heads,

m cr o- el ectronechani cal devices (MEMS), 1ight
emtting diodes (LEDs), etc. Also, for instance in a
flat panel display, the pPésent apparatus can be used
to assist in the creation of a variety of |ayers,

e.g. athin filmtransistor |ayer and/or a color
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that they H_ﬁ'\?eslﬁ?é‘h Osrcg@ghtleavlﬁw reffocbaripi: SEFY,
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skil'led in the relevant art that various changes in
formand detail can be nmade therein wthout departing
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[0133], It i-§, .t echat ed . t_.the ai | ed
Descri4pti or;Pch ge@ﬁ?@n@‘%‘% %&r C?%ﬁéh?’ uhrﬁrreﬁI}% iﬁﬁ‘at (/E{E?s?fl‘rtggt
st dndngcordsreflBétiRdiRelicto chapise dir§taintl RbesT@r firtidddeand at
clainms. The Summary and Abstract sections can set
fleast wngrf Bre Hist endptpconbPogians isxsiphaied withowspashtte

iqés E&ﬁreﬂ%ﬁ R}g s @ysmgﬁ@sﬁaﬁ@@écswegfg%égaﬁé%st Che

nventor (s), and thus, are not inten
present invention and the appended clains in any way.
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5. The system of claim 1, wherein the reflective loop system

comprises second, third and fourth reflective devices.

6. The system of claim 5, wherein the four reflective devices

comprise three planar reflective devices and the curved reflective device.

7. The system of any preceding claim, wherein the reflective loop
system comprises reflective devices having respective reflective surfaces that
are tilted with respect to each other, such that non-overlapping loops are

formed.




it 36 Wat Is Cained Is: 1. A system conprising: a
source of radiation that produces a coherent or
partially coherent beam and a reflective |oop system
whi ch conprises a curved réflective device and is
configured to reflect the partially coherent beam

t hrough a | Bopsystewm dfanyprecatingclamg otferdnmt beam

wherein the,reflective | o systemis .configured.tao.
or ovi de wal RF TR SRETRE PR F (BEBPIE] Whe s dxiedtiv
t Rop Bystoth Lisifb a 1A opBédl @6dike/@nd 0Op system 2. The
systemof claiml, wherein the reflective |oop system

conpri ses ahedeewharonebraetis wat-aeuplede frogl tenesfisgtiveelponf
C em‘%inﬁvgé&rﬁglﬁoétﬂ%&e fc%.t and second reflective

vices curve 4. The systemof claim2 or
claim3, wherein at | east one of the first and second

reflective devices conprises first and second, portjons
and at” | ealstc YHeMHAT any@recediag clip, wharsidhp srtlecbyislops

rgygt?llniigaggiesvg 1?]%1 Pﬁﬁp%a%&)ﬂ lglg&pect ive reflective

surfaces of t Irst and second reflective devices.

5. The systemof claim1l, wherein the reflective |oop
syste conprises second, third and fourth reflectjve
dovi 080: °6 The Syl gy greEtiar HeaD VRGPS e SR BLiooD
reobtb@GhINEsHRY IRRBplaf@MRA HEE ph il Gendd| anar refl ective
devi ces and the curved refl ectii ve device. 7. The

system of any preceding claim wherein the reflective

| oop yst Cc ris refl ective .devices havin

res pec1 tﬁ i vee[;Hé:’f ?gsgetnil v°35§ r fpé%cggm{g hg'?lm’a e ttfé%g‘W IF?TSt
AR tcoh&re@AAMOASNABE incBh&BnttYRa RN tHRMRIM APRIHM: 1n08S
are fornmed. 37 8. The system of any preceding claim

veloopisestgarti al |y coherent beamis i n-coupl ed
into the reflective |oop systemusing a first optica
devi ce; and

12.  The system of claim 1, wherein the reflective loop system

further comprises:

a second reflective device associated with a field of the
reflective loop system; and

a third reflective device associated with a pupil of the reflective
loop system,

wherein a position of the field or the pupil is changed based on
misalignment between respective reflective surfaces of the second and third

reflective devices.

13. The system of claim 7, wherein the reflective loop system is
configured such that after each loop a first portion of the incoherent beam is
transmitted from the reflective loop system and a remaining portion of the

incoherent beam is directed along another one of the loops.




the incoherent beamis out-coupled fromthe reflective
| oop systemusing a second optical device. 9. The
system of any preceding claim wherein the reflective
| oop systemincludes a fié¥d plane and a pupil plane.
10. The system of any preceding claim wherein the
ref | ect4.ve Tinoyystesydtaeyprenedinglelsing,wehekéiml d pl anes and

two pupil planes. 11, The.systemo ny. precedi ng .
cl'ai " wher BF HOehg Al bREL WaiEp foHen GG eht Pheiker
Ofielll RE tHeREMRENE Moph pags through a pin hole in the
reflective | oop system 12. The system of claiml,

wher ei n t hethe ef leasitpattially soherentdrcam is feactvied it themphdrses :
a(ﬁfstgé:onq &eiiell(?ch;hvee eet\I/‘if e ag,sgeci ated with a field of
the P@‘ec AT gysetg?ﬁ) Endta third reflective

devi ce associated with a pupil of the reflective |oop
system_wherein a position of the field or the pupil
i s chakmged Biesweten ot any Breredingelpim, dethos spmpespect i ve

reflective - ' .

refl ective %{e@é@d%@%ﬁ%gﬁ@%ﬁ‘%& 0 h%]{%g{%a% anv&]er ein
the refl ecta pmjdctiop sgstah dhati imojecanthe gnohdreat béunh loato a
after each %ogﬁ) a first portion of the incoherent beam
jlarget potia Pk 3 FPSHHEm t he refl ective |1 oop systemand a
remai ni ng portion of the incoherent beamis directed
al ong anot her one of the |loops. 38 14. The system of
any prlécediThy spitemmyf clatned 8j fortherhvomipnisimger ent beam i s

transmtted though .one of upil or  field of the
Fefl ot ve PADRMEPE Ayt E ircsss? thedinSiyire 4pe nd
GRIEM Y inbSIRRRt Bedn® b\ R Aerdiieddifier one of the
pupil or field of the reflective |oop system 15. The

system of any preceding claim further conpri sing: a

patter,gi ng Vi t terns, t he jncqher.ent bea
and a 1B‘r 0j é@[%i %‘%%%&%e%gﬁalt ’p‘?%efr%lgt {shet qgmluﬁ%lo e%sﬁ -
Rempriodtthe fadiation source and the reflective loop system.

18.  The system of any preceding claim, wherein a path length of
the loop is larger than a temporal coherence length of the at least partially

coherent beam.

19.  The system of any preceding claim, further comprising:
one or more additional reflective loop systems that are
configured to receive a respective incoherent beam from an upstream
reflective loop system and reflect the incoherent beam through a loop to form

another incoherent beam.

20. A lithography system, comprising:
an illumination system that generates an illumination beam of
radiation, comprising,

a source of radiation, and




target portion of a substrate. 16. The system of claim
15, further conprising: an illum nation systemthat
processes the incoherent beamand directs the
i ncoherent beam onto the pdfterning device. 17. The
system of claim 16, wherein the illum nation system
conpri ses the radidlettore loopsydern rdmpheing af dueodi re@edtosp
sxstenl 18. The system of any preceding claim wherein
length of the loop is larger than a tenpora

coherence |enaitbnity B&8cathdt egfterRathel AllkinatoANBéMNtof
beam 19. The system of any preceding claim further

ciofigtipriang: one or nore additional reflectlve | oop

systens t ha{) g I_H?&“Tnoﬁo gfelglu{h“?i? i*o e(!téa Ei?ngde §$ onYo a

i ncoher ent an ups
stygfeeporaing of £kdteeitet he |ncoherent bean1through a Ioop
to for ano her i ncoherent beam 20. A lithogra

syst en‘i" BRPRT SilegivedRop FYsism iaganGguS 4¢ éme%WaIEm}é of
Qﬁﬁ_gﬁlﬁtfgﬁov@é?i By the H&ML g&‘@ﬁl O the f@%b@\;e’ lggp system.

rising, a‘source at1on,
reflective | oop systen1conpr|5|ng a curved reflective

devi ce tterni ng device .t at erns the
|IIurn4iFat|gﬁ1 %ﬁ? ySVﬁﬁPé#CEWn § YL Pr oj ecti on
system t hatpp &@a@ﬁx&esmbfa Qydéth i€ EARTLRIAE 0AI R Be phATad§!
portion of a substrate; Wwherein the reflective Ioop

@pb@l@m b@nc ond irgflact thet partialby eahsrans bkimgn 6f loop e fpan lan
1 ohe g the beam near to an exit of the reflective
8% P% 21. The lithography system of clai m 20,
mhereln the reflective |oop systemis configured to
receive the partially coherent beam and refl ect the

parti A2y cowditkearambeamtem of claowpls whersimthareflective loop
SS}&QHGJO%BHSQSG Y reflective device and one or more additional reflective

devices having respective reflective surfaces that are tilted with respect to each

other, such that non-overlapping loops paths are formed.

23.  The lithography system of claim 22, wherein the reflective loop
system is configured such that after each loop a first portion of the incoherent
beam is transmitted from the reflective loop system and a remaining portion of

the incoherent beam is directed along another one of the loops.

24. A device manufacturing method, comprising:
(a) using a curved reflective device to reflect a coherent or
partially coherent beam through a loop to form an incoherent beam;
(b) forming an illumination beam from the incoherent beam;
(¢) patterning the illumination beam; and
(d) projecting the pattermed illumination beam onto a target
portion of a substrate;
wherein the reflective loop system is configured to provide walking of

the path followed by the beam near to an exit of the reflective loop system.




22. The lithography system of claim 21, wherein the
reflective loop systemconprises the reflective
device and one or nore additional reflective devices
havi ng respective reflecti$8 surfaces that are tilted
with respect to each other, such that non-overl appi ng
| oops paths are forned. 23. The lithography system of

claim22, rein the.reflective |.oo stemis . .

cont | gt ed Lk mehod St bim Baorerad er B RoFRgsRR e
Ofcspdefivé RARBEVERIfacd SRIBNbS Ve RORBT With Fedpb@Mb ehéh other to
reflective | oop systemand a remaining portion of the

i iopoHenarverlanmans logpsiatisct ed al ong anot her one of the

| oops. 24. A device manufacturing nmethod, conprising:
(a) using a curved reflective device to reflect a
coher erd. orThep@ethb@bfl ylatw ey €hdreineditor £deh dotgha frdt pERichO
forman i ncoherent bea hgggﬁ?ornin an illum nation
lathe ﬂ?‘@ﬁ?ﬁeﬁfebqaﬁb’érf@i’ﬂééa i illupanatipn peasmp wpedyin fiep (b)
I - |- .. . .

AR ppRRlof M b Her Bl B ¢ Bec Pl bR onc
saflib¢ loape; wherein the reflective | oop systemis

configured to provide wal king of the path followed by
the beamnear to an exit of the reflective | oop

systemy 40 A Zaer MRS UREDAMinehedtbiipd foealil) %5lﬁhﬁsiﬁ%:e Y
(a) conprises tilting respective reflective surface of

refl ective aegirce ofwiadiatipr ghatc produces ac lvoberhetr ot gartiablym

non- gver |l appi hg | oops paths. 26. The nmethod of claim
Zg,ﬂﬁﬁgngﬁg@$ter each loop a first portion of the

i ncoher ent ARtV foop EsteinvBich BniprisédTh Rafie@ oAV
used in step (b) and a renmaining portion of the

idevishapd it chdigmcd do akaeivettbel partiathg celistank beamp aed rajtect the
| iy
SRR cBllereft HARThiobDFh 1Y F ek B HDFRUH S BIRY

a coherlemdin thic RActtivallbyp swoheisemwhfipeadto prdid walking of
reflective | oop s%ften1mhich conprises a curved

th¢ path folipwed hshe Reagnpear to abetl ftheteliedivedeen piterhe

partially coherent beam and reflect the partially
coherent beam through a | oop to formthe incoherent
out put28bearbhe laser of claim 27, wherein the reflective loop system

comprises the reflective device and one or more additional reflective devices
having respective reflective surfaces that are tilted with respect to each other,

such that non-overlapping loops paths are formed.

29.  The laser of claim 28, wherein the reflective loop system is
configured such that after each loop a first portion of the incoherent beam is
transmitted from the reflective loop system and a remaining portion of the

incoherent beam is directed along another one of the loops.

30.  An illuminator that outputs an incoherent illumination beam,
comprising:
a source of radiation that produces a coherent or partially

coherent beam; and




wherein the reflective I oop systemis configured to
provi de wal king of the path followed by the beam near
to an exit of the reflective |loop system 28. The

| aser of claim27, wherein#he reflective |oop system
conprises the reflective device and one or nore

addi ti onal z eéflestivé Wepdsysicor shidhasdmmyisese 8 prictddveflective

fl.ectiv f t hat til.t it t.t
ARG SR Brkitts B Botlk Sohoh Patrp R A S thee
f partTBIty cafrenf NRamameiughfa fopi t0 880 MO @EBh&chthBlumination

reflective | oop systemis configured such that after
ebed] oop a first portion of the incoherent beamis

transnj - I Lve | tem-and a.
Fermi R et Pletfe bRk ST e DB RS bR Rineef
afhe pgthablié et byothe bedm hea th aepsit oSlle reNectivd labp BRi@mh.
that outputs an incoherent illum nation beam
conprising: a source of radiation that produces a
coher et or’]l"}&ai'ﬁhh'l%a!t& of e rS%ntNhQI%ﬁ‘fTﬂhe afhcve 1 p system
reflective 1 oop system which éonprises a curve
raimeces the rdbwitive davde iasd ooebr guresddionat eefleetve Bevices
artially coherent beamand reflect the partially
el RP O T IBE 16 U T BRI HaF B e
!éuhHEﬂa?ﬁ&ﬂ—Q?erla?ﬁﬁ@lodﬂ@ filsArd BAné&eLf | ective loop system
is configured to provide wal king of the path foll owed
by the beam near to an exit of the reflective | oop
syste 31...The illum nator qf ¢l aim 30 erein the
el ot ve TaRueyelial bt sBetimbd PR B ot
A ¢befuddtsueR €h0 bftBi0dath st 4 fih@drtibe bl @6 lihctBedBVb&ASIs
havi ng respective reflective surfaces that are tilted
viraemytiedplsem the reflective deen systesy@hd ehemaiong eodionappibag
[ r T [ )l nator of claim
é?&H%HQ?EQ%J?ﬁ@mpéﬁgﬁggﬁgéhﬁﬁggCﬁb&ﬁ@ﬂ%‘is confi gured
such that after each loop a first portion of the
i ncoherent beamis transmtted fromthe reflective
| oop system and a remai ning portion of the incoherent
beamis directed al ong anot her one of the | oops.
REFLECTI VE LOOP SYSTEM PRODUCI NG | NCOHERENT




RADI ATI ON ABSTRACT A system and nethod are used to
formincoherent beans froma coherent beam A system
conprises a source of radiation and a reflective |oop
system The source of radiatjon produces a coherent or
partially coherent beam refl ective | oop system
received the partially coherent beamand reflects the

R O RS TRV YD BIICIRG BSCOHERET,
an i ncoherent beam FI &ﬁélg

ABSTRACT

A system and method are used to form incoherent beams from a
coherent beam. A system comprises a source of radiation and a reflective loop
system. The source of radiation produces a coherent or partially coherent
beam. The reflective loop system received the partially coherent beam and
reflects the partially coherent beam through a loop, or alternatively through

non-overlapping loops, to form an incoherent beam.

FIGURE 8




