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GENERATE EQUAL PATHLENGTHS OF | NTERFERI NG BEAMS
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panel display (or other device). This pattern can be transferred onto all or part
of the substrate (e.g., a glass plate), by imaging onto a layer of radiation-
sensitive material (e.g., photoresist) provided on the substrate.

[0003] Instead of a circuit pattern, the patterning means can be used to
generate other patterns, for example a color filter pattern or a matrix of dots.
Instead of a mask, the patterning device can comprise a patterning artay that
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 covets 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



can be scanned underneath the exposure region, while

the mask or reticle is synchronously scanned through a
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[0008] Therefore, what is needed is an interferometric lithography system and
method that generates a desired contrast across an entire field at resolution
dimensions matching or surpassing current conventional, lens based

lithography system capabilities.
SUMMARY

[0009] In a first embodiment of the present invention, there is provided a
method to write patterns onto a substrate comprising the following steps.
Directing first and second beams to converge and substantially overlap in a
common region on the substrate, such that the first and second beams are
mutually temporally coherent and spatially coherent in the region of overlap to

form interference fringes and thereby define a writing image. By adjusting a



method to wite patterns onto a substrate conprising
the following steps. Directing first and second beans
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[0011] radi aﬂt if@fther embodiment of the present invention provides a system

comprising a beam splitter, first and second beam width adjusting systems,
and first and second reflectors. The beam splitter splits a beam of radiation
into first and second beams. The first and second beam width adjusting
systems receive respective ones of the first and second beams and output
respective first and second beam width adjusted beams. The first and second
reflectors receive the first and second beam width adjusted beams and direct
the first and second beam width adjusted beams to interfere at an image field
of a substrate, such that fringes formed by the interference form an image on
the substrate.

Further embodiments, features, and advantages of the present

inventions, as well as the structure and operation of the various embodiments
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Figure 3, according to one embodiment of the present invention.

[0017] Figure 6 shows an optical system that can be used as one of the beam
width adjusting systems in Figure 3, according to one embodiment of the
present invention,

[0018] Figures 7 and 8 show side and perspective views, respectively, of an
optical system that can be used as one of the beam width adjusting systems in
Figure 3, according to one embodiment of the present invention.

[0019] Figure 9 shows a flowchart depicting a method, according to one
embodiment of the present invention.

[0020] The present invention will now be described with reference to the
accompanying drawings. In the drawings, like reference numbers can indicate
identical or functionally similar elements. Additionally, the left-most digit(s)
of a reference number can identify the drawing in which the reference number

first appears.
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Figure 3, according to one enbodi nent of the present

i nvention. [0019] Figure S shows a flowchart depicting
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workpiece, a display, or the like, hereinafter referred to as a substrate). Each
path from beam splitter 104 to substrate 110 is sometimes referred as an “arm”
of the interferometer 100. Exemplary conventional Talbot interferometers
include U.S. Patent Nos. 6,882,477 and 4,596,467 and U.S. Published Patent
Application Nos. 2004-011092-A1 and 2005-0073671, which are all
incorporated by reference herein in their entireties. |

[0023] An interference pattern 112 is formed at a top surface of substrate 110.
Interference pattern 112 exposes a photoresist layer (not labeled in Figure 1)
with a writing image. For example, first and second beams 106A and 106B
can be projected onto substrate 110 to interfere to exposure a plurality of lines
on substrate 110, corresponding to lines of maxima caused by constructive

interference between the beams of radiation, separated by minima caused by

destructive interference between the two beams of radiation



of the interferoneter 100. Exenplary conventi onal
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Application Nos. 2004-01 1092- Al and 2005-0073671,

whi ch are all incorporat_eg_by reference herein in

their entireties. [0023] An interference pattern 112

is formed at a top surface of substrate 110.
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shown). In one example, the radiation source can provide radiation having a
wavelength of at least 5 nm, e.g., at least 10nm, at least 50nm, at least 100nm,
at least 150nm, at least 175nm, at least 200nm, at least 250nm, at least 275
nm, at least 300nm, at least 325nm, at least 350nm, or at least 360nm. In one
example, the radiation provided by radiation source SO has a wavelength of at
most 450nm, e.g., at 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,



uniformfringes 112 across an exposure field 114,
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[0028]

remain stationary.

- [0030] Reflecting surfaces 208A and 208B in FIG. 2 are oriented in positions
that allow for a larger angle of incidence on substrate 210, as compared to the
orientation of reflecting surfaces 108A and 108B in Figure 1. The larger angle
of incidence allows for an increased resolution in patterns formed on substrate
210 by fringes 212 as compared to patterns formed on substrate 110 by fringes
112.

[0031] In one example, beam 206A has a path length a between beam splitter
204 and reflecting surface 208A, while beam 206B has a path length b
between beam splitter 204 and reflecting surface 208B. Similarly, beam 206A
has a path length ¢ between reflecting surface 208A and substrate 210, while
beam 206B has a path length d between reflecting surface 208B and substrate
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substrate 210. An interference pattern 212 is forned
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pattern 212 exposes a photoresist |ayer (not |abeled
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position on the beam splitter 204.

[0033] Spatial coherence describes the correlation between light beams at
different points in space. Spatial coherence is described as a function of
distance., i.e., spatial coherence is the maintenance of a fixed-phase
relationship across the full diameter of a cross section of a beam.

[0034] Temporal coherence describes the correlation or predictable
relationship between light beams observed at different moments in time. In
optics, temporal coherence is measured by combining beams from the same
source, but having a known path length difference, and observing the
interference pattern produced. In one example, a temporal coherence length is
calculated by dividing a wavelength squared by the bandwidth of the beam.

[0035] In one example, coherency matching (temporal coherence) can become

mismatched because the beam angles at the beam splitter 204 are not the same



maxi mum contrast ratio at the center 216 of the

exposure field 214. Therefore, only part of fringes
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interferoneter 200 is a non-symetrical system there

can be a problemw th cohecency matching over the full

w dth of the exposure field 214. There are two types

of coherence that are typically of concern for this
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coherency matchi ng (tenporal coherence) can becone
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blak®r ROt 1iihe agysemshewaRglwsh alleh
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are the sane for the. Tal bot interferoneter 100 based
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opticdl sgstéras 8204 lapdt320B can be first and second beam width adjusting
systems (e.g., expanding, adjusting, reduction, demagnifying, etc.). A
spatially and temporally coherent (light) beam of radiation 302 having a beam
width 318 is incident on a beam splitter 304. Beam 302 is formed from a
similar system as described above for beam 102. Beam splitter 304 separates
the beam 302 into first and second beams 306A and 306B. The two beams
306A and 306B are processed in respective optical systems 320A and 320B
before being redirected by first and second reflecting surfaces 308A and 308B,
respectively, towards a substrate 310. An interference pattern 312 is formed at
a top surface the substrate 310. The interference pattern 312 exposes a

photoresist layer (not labeled in Figure 3) across exposure field 314. Again, it

is to be appreciated that substrate 310 can be located on a stage, table, or the



interferoneter 200 does not have fully symetric path

l engths for the two interfering beans 206A and 206B.
wahbdiog/orsams result in fringe contrasts differi ngp@US2006/046313

i ncreasi ng anount as the beans 206A and 206B are

di spl aced fromcenter 216j@pf field 214. In one

exanpl e, cases of very high resolution inmagi ng may

only be able to utilize the central band in the mddle
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surface respectively, towar
felubdlat &ical 831d) hdving atresgeetiendengpatiioe ratic3 b2 i diséussereih

t t f t bst . 0. . The interfer.
e (AL B e I pSe LTI oL & Sichy By MUY SUGHEE
slbr;gteljéiﬂUAeanab_Z@B 98 t& ¥RAFLE helpat Ién%tiiéf at the ktemé hoinks

e appreci ated that substrate 310 can be | ocated on
of tlst &xgesure fibld314or t hel i ke (not shown) that allows for

nove t. of the .subs te 310 Wit t t .
ooss) 7Y ST i S8 ST GRS B el 38 B

39MrhaGear fwiliedfishias saten 320A Usdtn genditf ’enielih beam width

t echni ques, as woul d be apparent to a skilled, artisan

adiisting avsinh 32eharndriiéh Lnghicr ngomheamguidel sqibstg, system
AohelNRhbY oY surBHOIHE AL eBSHD 3688 has a path length b between
beam splitter 304 and beam width adjusting systems 320B, path length b’
within beam width adjusting system 320B, and path length b” from beam
width adjusting system 320B to reflecting surface 308B. Between the
reflectors 308A and 308B and substrate 310, beam 306A has a path length ¢
" between reflecting surface 308A and substrate 310, while beam 306B has a
path length d between reflecting surface 308B and substrate 310. In this
example, through use of bean width adjusting systems 320A and 320B,
interferometer 300 may be referred to as a symmefrical system because
(a+a’+a”)+e = (b+b’+b”)+d, which produces substantially uniform fringes
312 across an entire exposure field 314, which is desirable.
[0039] A derivation of the calculation of demagnification ratig of each beam

width adjusting system 320A and 320B is based on the following variables:



remain stationary. [0037] Optical systens 320A and
320B are beam wi dth adjusting systens. In

wo paoenfssionet er 300, the path | ength of | aser PEHDS2006/046313

306A and 306B are adjusted across their width 318

(e.g., wdth wa of beam_3Q6A and wdth O b of beam

306A, where only width of beam 306A is shown for

conveni ence), by introduci ng beam wi dth adj usti ng

yS. . 320A a 20B ipto each arm of the Tal bot
@is"n%ig‘?%o ﬁgf?gﬁ;ggg’.emﬂiwgﬁg exanpl e, beam wi dt h
O 1P S8t FhEe B8%0A and 320B can consists of a two
op erheapetlihifE bedpspiterp| anar i nage field (flat focal
of i-dlegtn Wishh af h%@ifp@glﬁééie&/e demagni fier ratio, as is
Pa$Hrasspath diffenence betwicgh righkdngve The denagnifier ratio
PAf; =dBeim pathdiffdreiide batiyassirighyaml/ksfidend? offerdredm3plitter s
PBgt= Beanepath kiffeeerich detraich righngidisftdbarhiet sekstradere poi nt s
efostiRefiggxposure field 314. [0038] hi this exanple,
n%ggﬁggg%im Fapat ol ength a between beam splitter

3(C B @d’@}% wa@diddst i ng system 320A, path length
n%\' ﬁ\i”h\/li’:}t }\%q eam gvlﬁ%t h adﬁjsti ng system 320A, and path
g

| en .a". from. wi dth | usting system 320A to
(0040] | o i%{qg&aesgdrapg@gs%%%v g%{rﬁléSOGB has a path length b

bet ween beam splitteP,3@A anBheam wi dt h adj usting

systenms 320B, path pgheth &, twhzhi n beam wi dt h

adj usting system 3268, padnwl ength b" from beam

wi dt h adj usting system 320B to reflecting surface

308B Betfo en the reflectors 308A and 308B and

[0041] " o\ ps PSS 10, beam 306A has a path |length c between

refl ecting surfracen308fanddy-aplosttagt® 310, whil e beam

[0042] 306Braps a path length d between reflecting surface

. 308B and substrate 310. In this exanple, through use
of bean width adjusting systens 320A and 320B,
interferoneter 30&umdy (yaiferat E126H to as a symretri cal
system because (a+a' +a")+c = (b+b' +b")+d, which

[0043] produtes: substantially uniformfringes 312 across an
entire exposure field 314, which is desirable. [0039]
A derivation of the cal 5u| ation ob demagni fication
rati o of each bearffa tan ¥ = ng ®p tan

[0044] and

Demagnification (M) = @a/op =ng tan(@ ) / tan(d )

[0045] For example, when using an exemplary set of values: & =70; tan(&=
2.75; np=1.65 (water) ; tan(@)= 0.23; & =13, beam width at beam splitter
304 ~ 120mm, fringe width at substrate 310 ~ 30mm, then:

Magnification = 12X with planar focus fields both sides.

[0046] In another example, optical elements (not shown in Figure 3) within
each beam width adjusting system 320A and 320B can by dynamically
controlled in a feedback loop to dynamically adjust the demagnification ratio.

For example, a sensor 322 (e.g., an optical sensor, a detector, or the like) is
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width after beamsplitter ( ~ beamw dth at the

exposure field Pti = Beamopath di fference between
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right and | eft beans after beam splitter PBl- Beam
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the like (not shown) in adjusting systems 329A and 329B coupled to the

optical elements in respective beam width adjusting systems 320A and 320B.

[0047] Thus, through the addition of the beam width adjusting systems 320A
and 320B in interferometer 300, fringes 312 having a desired resolution and
having uniform contrast are printed over a large field area 314. In tilis
manner, interference fringes 312 can be uniformly printed over greater than 26
mm field at resolution values of 32 nm L/S (line/space) using a beam splitter
304 having a 1 pm pitch phase grating.

[0048] In another example, one or both of the reflecting surfaces 208A or
308A and 208B or 308B in Figures 2 or 3, respectively, may comprise a
spatial light modulator that may be used to control the phase of the beams
206A or 306A and 206B or 306B so as to optimize the uniformity of the
interference fringes 212 or 312 over the exposure field 214 or 314. The spatial
light modulator may be an array of programmable mirrors, and each mirror
may be tilted or displaced to change the phase and/or direction of the beams.
In one example, with the aid of the spatial light modulator, beam width
adjusting systems 320A and/or 320B may not be necessary to optimize the
uniformity in the exposure field 314.

[0049] It is to be appreciated that, although beam width adjusting systems
320A and 320B are shown in respective first arms a and b of interferometer
300, they may alternatively be placed in second arms ¢ and d of interferometer

300 without departing from the scope of the present invention.



each beam wi dth adj usting system 320A and 320B can by
dynam cally controlled in a feedback | oop to

walyvanissas | y adj ust the denmagnification rati o. PEDIUS2006/046313
exanpl e, a sensor 322 (e.g., an optical sensor, a
detector, or the like) ispgsitioned to detect contrast
value of fringes 312 across field 314. A signal 324
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312 over the exposure field 214 or 314. The
ﬁ%ur%? i ght nodul ator may be an array of
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di spl aced to change the phase and/or direction of
%ﬁﬁssyﬂeﬁl JR& whishpan beusad enat least ede phdhe pearn amdth

eldﬁlﬂjaﬁg g?s%{ln?%%A a{?ﬁaﬁdﬁ, %‘é&)rdlng to yet another embodiment of

the present invention. System 720 includes a pair of prisms 730 and 732 in

series. The light paths and path lengths through prisms 730 and 732 are

shown in Figures 7 and 8 corresponding to similar characteristics' shown in
Figure 3.

[0054] It is to be appreciated other optical systems could also be used, as
would become apparent to one of ordinary skill in the relevant arts upon
reading and understanding this description. Moreover, optical systems 420,
620, and 720 can be used in combination to form beam width adjusting
systems 320A and 320B. Also, more than two optical elements can be used
in one or both beam width adjusting systems 320A and/or 320B.



adj usting systens 320A and/or 320B nmay not be
necessary to optimze the uniformty in the exposure

wo c@ha7$313. [0049] It is to be appreciated thaPCT/US2006/046313
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It will be appreciated that the light referred to is not limited to light having a
particular wavelength, and can include other wavelengths including (extreme)
ultraviolet light or infrared light which are suitable for lithography, as
discussed above.

[0057] Although specific reference can be made in this text to the use of
lithographic apparatus in the manufacture of a specific device (e.g., an
integrated circuit or a flat panel display), it should be understood that the
lithographic apparatus described herein can have .other applications.
Applications include, but are not limited to, the manufacture of integrated
circuits, integrated optical systems, guidance and detection patterns for
magnetic domain memories, flat-panel displays, liquid-crystal displays
(LCDs), thin-film magnetic heads, micro-electromechanical devices (MEMS),
light emitting diodes (LEDs), etc. Also, for instance in a flat panel display, the
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above, it will be appreciated that the invention can be practiced otherwise than

i

-

as described. For example, the invention can take the form of a computer
program containing one or more sequences of machine-readable instructions
describing a method as disclosed above, or a data storage medium (e.g.
semiconductor memory, magnetic or optical disk) having such a computer

program stored therein.
Conclusion

[0060] While various embodiments of the present invention have been
described above, it should be understood that they have been presented by way
of example only, and not limitation. It will be apparent to persons skilled in
the relevant art that various changes in form and detail can be made therein
without departing from the spirit and scope of the invention. Thus, the breadth

and scope of the present invention should not be limited by any of the above-
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it will be appreciated that the invention can be used
in other applications, for exanple inmmersion

l'i thography. The lithographic apparatus can al so be of
a type wherein at |l east a portion of the substrate can
be covered by an "imersion |iquid" having a
relatively high refractive index, e.g., water, so as
to fill a space between the projection systemand the
substrate. An imrersion liquid can also be applied to
ot her spaces in the |ithographic apparatus, for
exanpl e, between the patterning device and the
projection system |nmersion techniques are well known
in the art for increasing the nunerical aperture of
projection systens. The term"inmersion" as used
herein does not nean that a structure, such as a
substrate, nust be subnmerged in |iquid, but rather
only neans that liquid is |ocated between the

proj ection system and the substrate during exposure.




[ 0059] While specific enbodi nents of the invention
have been described above, it will be appreciated that
wo b@7iorssent i on can be practiced ot herw se t hanP@sUS2006/046313

descri bed. For exanple, the invention can take the
formof a conmputer progranycontaining one or nore
sequences of machi ne-readabl e instructions descri bing
a method as di scl osed above, or a data storage nedi um
(e.g. sem conductor nenory, magnetic or optical disk)
WM euamarsyrput er program stored therein,
Concl usi on [0060] While various enbodi nents of the
present invention have been described above, it should
be unlder st&ouethhdt tot Iveite haatterdse amtopae sepbade bficidayn of
le onl.y., and not limtation. It will be apparent
Stﬁégggee?’gglﬁlgnékg'l led in the relevant art that various
changes i niifeetifg ans et & h8 WatihRHt
departing fromﬁ% he spi rigéfdogﬁgerg %gyg%h%ﬂ%[ %hgegﬁ%aﬁ%lﬁg
cphersnt basmsmiaadiation el sehstaptialdy ovdrbappinathe rkposuve fitidam

7 y..any,,of the abovedescri.bed
e MR et HE B M Rt i G o GHPS™:
accor dancedjuistifig b bearh aviliwige fisahiBsRBAd b8Shd, such that

equivalents, It is to be appreciated that the Detailed
rﬁiggﬁt}‘iepf’?thn@s@ﬁi & the, heprpp targ peatchednihyn athdy Abachr dust

% ' iS eff d inte t he..
el Lo e PP it LSl ol BBy sty
cplgrent and éeraporaily eqhebant across afull vedetngl the yxpysbedid@nt s
of the present invention as contenpl ated by the

inventor(s), and thus, are not intended to limt the

present i mhemidtesy Giiaitne fﬁﬂ&%@%ﬂﬁ&ih%:i ms in any
way. WHAT IS CLAIMED IS: 1. A nethod t6 wite patterns
onto an efpydng diffrpetian oha aadiatinst besne to domprthsifing: and

s&%ﬁﬁ%k+ g first and second tenporally coherent and
spatially coherent beans of radiation to substantially
overlap in the exposure field on the substrate, such
that .the fjrst and s?qond beans forminterference

frindes; aAdfRhMPLelamdmivither porprising first and
secondatBRAMRovgGhe ltRtrate with respect to the exposure field while

writing patterns onto the substrate.

4, The method of claim 1, wherein the reducing magnification
step is performed by passing the first and second beams through respective

first and second magnification reduction optical systems .

5. The method of claim 4, further comprising passing the first
beam through a first convex and a first concave lens and passing the second

beam through a second convex and a second concave lens.

6. The method of claim 4, further comprising passing the first
beam through a first pair of cylindrical lenses and passing the second beam

through a second pair of cylindrical lenses.



respective path | engths of the beans are matched when
they reach the exposure field to ensure the first and

W@ ewaonmsheans are nutual ly spatially coherent BeTUS2006/046313
tenporally coherent across a full width of the
exposure field. 2. The mgghod of claim1, further
conprising: causing diffraction of a radiation beamto
formthe first and second beans. 3. The nethod of

claiml, rther k Si Ng; | at i . i h
substr at o1l ¢k SERPAE P P, Stk PR oo
b tHrb@gipad fisst P8ir OftRishizeanguhs tsecind. befhn hfeughed kadndf
claim 1, wherein the reducing magnification step is

PP RIS by passing the first and second beans
t hrough respective first and second magnification
reduction optical systens . 5. The nethod of claim4,
furtBer cThpmigholyopaksinng funthef comprifiegmasdm thh fiest

o BoSSEA B B AR LB
th‘é%%ﬁd'aﬁ&‘?our&;oﬁﬁ&ﬁé@ﬁé?@@ of claim4, further

rising passing the first beamthrough a first pair
of cylindrical |enses and passing the second beam

t hroygh a. secon ai f. cylindrica S 7.

met hod ong?a?ﬁ&Q, ?ﬂﬁ?ﬁg}‘Loﬁ%ﬁ?@?gg&%gggﬁﬁﬁ]?%ggh&
edpaningdR A8 fi BGHthS bbhrhSiidat hefbmp Hesadpusang stepe
secon§ beam t hrough a second pair or prisnms. 8. The
met hod of claim4, further conprising passing the

i1 Shobeaiyt AAbrclanl, Mithe Eaapdsipp! | cal el ement s

and passi ng e second béamt hrou third and fourth

optical ehsamning.a @ntriltef et fingesodcradsdhamegionfafravhda; ng

conpri sing reduci ng, expandi ng or demagni fying the
amw dth to performthe adjusting step. 10. The

met hod of ,gd,3iP Ine fALAT nfa@hidichiiddo MBRBMES Nebnlrast
contrast of the fringes across the region of overl ap;
across the region of overlap.

11.  The method of claim 1, wherein the directing step is performed

using tiltable mirrors.

12.  The method of claim 1,wherein the directing step is performed

using an spatial light modulator.

13.  The method of claim 1, further comprising forming the first and
second beams from a beam of radiation having a short temporal coherence

length.

14. A system for writing a pattern onto an exposure field on a
substrate, comprising:
an optical directing device that directs first and second spatially

coherent and temporally coherent beams of radiation to substantially overlap



and adjusting the reduced magnification to maxi m ze

contrast across the region of overlap. 11. The nethod
w@RoochzEsms 1, wherein the directing step i s perPOr/Dsm06/046313

using tiltable mrrors. 12. The nmethod of claim

| ,wherein the directing step is perforned using an

spatial |ight nodulator. 13. The nethod of claim1,

further conprising formng the first and second beans

pation havi a shor.t t or al .
A R BoSEATRL R S ARV Rl AR ek Bineer i
theiexpaanrecfigddsmde field on a substrate, conprising: an
optical digecting device that directs first and second

spati al | y ¥8hepéntecens bearpwidih | gdiesimer evstenise donateds in

E@dd B8nt ¢ sure ..
B S PR e B B Ko Y T Bl S B e
pathi leggthsiod thdbeamspars uratchietd edtbn theyl rdach shie enpdssredidndlto
bea i, dt h adj usting systens |ocated in yespective

%aéaﬁrb erﬁ@a@ﬁ CReorit B tgmaod eﬁhﬂenqe@#ttﬁ%ﬁ%m AP
ﬂlna;tidﬂhaﬁr@@@@ﬂp\égu@%ml engt hs of the beans are matched
when they reach the exposure field to maintain the

spatial coherence and tenporal coherence of the beans

acro a full wdth.of.t exposure field. .15. The,
syst 2% of tﬂea?yvsr;]%e yof \%’?g? gﬁn B 6’?? 831]1%‘8 idirgeifnen device
coewirices ey mfesgstil table mrrors. 16. The system of

claim 14, further conprising: a beamsplitter that
generates the first and second beans froma beam of

radi gtgl on. 7pk/ysthl ' .wherein the
beam of radi asl.yiS oneqlf?%{éﬁ‘g]f glgrt(}elg} @@nﬂ%}g'exci nmer | aser.
a beam splitter that generates the first and second beams from a

beam of radiation.

17. The system of claim 16, wherein the beam of radiation is

generated from an excimer laser.

18.  The system of claim 16, wherein the beam of radiation is

generated from a source of radiation having a short temporal coherence length.

19. The system of claim 14, wherein at least one of the beam width

adjusting systems comprises a spatial light modulator.

20.  The system of claim 14, wherein at least one of the beam width

adjusting systems comprises a convex and a concave lens.

21.  The system of claim 14, wherein at least one of the beam width

adjusting systems comprises a cylindrical lens.

22.  The system of claim 14, wherein at least one of the beam width

adjusting systems comprises a prisms.



18. The system of claim 16, wherein the beam of

radi ation is generated froma source of radiation
whanogesas short tenporal coherence | ength. 19. PATES2006/046313

system of claim 14, wherein at |east one of the beam

w dt h adj usting systens cgnprises a spatial |ight

nmodul at or. 20. The system of claim 14, wherein at

| east one of the beam w dth adjusting systens

conprises a convex and a concave |lens. 21. The system

of claim 14, wherein at |east one of the beam w dth

adj ugsi Ng THY SYyaBEM N $&Switer6iv! dablliof aid fitseRAd s@dnd
The system of "claim 14, wherein at |east. one of the

berramidhatdivstiog sistaniy ceppiiserisicndperukopiicplglapents 3.
The system of claim 19, wherein each of the first and
second beam wi dth adj usting systens conprise first and
second. optrhealysteinesfeiliism 2R 4vhelbia thy Stretropoicalclament 2@d

wherein the first optical elenmen nd second opti cal
SRAOBAEOREICE @ FNERACh SOMRTISE 2 Pag: Ofg?ﬁ}“%ﬁwdclﬁpsqs’e dau ofy

' 3 es, or a pair of
oBftake B G B R B 14, T urt her
conprising: a detector that senses a contrast of the
fringes agross the _.exposyr ield and generates a
si gngs: a%‘@ﬁﬁtﬁmlc’éf’{aﬁﬂig’ f‘l&g‘g’i?%%pﬁsmggsi gnal and
gener at es ;a46e8bf QhatSécdiR! a tdvpiradr eMthafengR adpsssthieng

device that receives the control signal and adjusts
 exprsutsefiehl whd geneseipus sigeslt system to nmaxi mi ze contrast

across the ¢ O%llé{ ?ha%::rgéeg‘?dﬁfﬁ@ . ST lsa¥1ﬁt éﬂe&ftescé QZ'OIRI‘&S'

. G
wher ei n: tahe eamw I Ng sSystem conpri ses

sipbl thalefehgrBat s; and the adjusting device adjusts at

| east one of position or orientation of_ the opt,ical
el ement s. zlp_ad%lsgiygld@m:e g@ﬁﬁ?"?g’i@ﬁ él}e con?rol signal Eﬁ)’ld acdjusts

the beam width adjustment system to maximize contrast across the exposure
field.

26.  The system of claim 25, wherein:
the beam width adjusting system comprises optical elements;
and )
the adjusting device adjusts at least one of position or

orientation of the optical elements.



a beamsplitter that splits a beamof radiation into
first and second beans; first and second beam w dth

w@odjoastrssmgyy systens that receive respective oneBCDUS100€046313
first and second beans and output respective first and
second beam wi dt h adj ust egiheans; and first and second
reflectors that direct the first and second beam w dth
adj usted beans to interfere at an exposure field of a

subst ﬁte’A%&’%&nt&%npr};“ nges formed by the

interference’torma sr%gge on the substrate. 28. The

system of xbaimm PhitemtiRf plits thBededN Adhiibh Shito first and
COITI%)({I ses a phase shifting, an alternative phase
LRPHABS3YS; or a binary phase shifting beam splitter.

29. Th f ' - .o the first d .
Secona boo o bt e Bl s IR Sy bR e

nespectivf ommsndathe fiasichind coved Beansesd @t}ﬁﬂirésggéti\%ghﬁrst and
. e

cylindrical, |lenses, or a pair of prisns.
Sf_%%r{e ag’fwﬁth‘?cﬁﬁl%%b%ﬁé%@? the first and second beam
wi dth ad] Usti 8 SYSIERRABIREL R8Pl Gk SCTEMSed

the system further conprises: et ector Senses a

Width adiatied/baams tofinterfercfat amgrpgsuse fiddtof alshibstratd) atich that
: [ hagnal fromthe detector, and outputs first
%ﬁg%sfé%%%%b}iég %tl I?}Serrg pcgenfgrrg A AP OhtheSEbRE  ast

val ue; and first and second adjusting systens, coupled

to the first and second beam w dth adj usting systens,
t hat 2Secei e yEemediGlaim Shehestin theebdanr splitten dompriseach

oS .contraql. Qrientati.on qr
AR fifhine, Al DIORC SRMREDRL s Rindth PRSI ihebonmy
spbtond beam wi dt h adj usting systens.31. The system of

claim 27, wherein the first and second beam wi dth
adj usting systens are configured such that the first

beamand frineSdystRABT Ma%fnﬁ%l'ﬂe?&ﬁdtﬁ@ﬁﬂ@ Ehﬁcvg%c%%lﬁ beam

substantial ly sim|ar conbined pat engt
veddiodinshag pystanas edeh compusm apamfwodtdveadil uetest laeagat 0

p%io?'éﬁiil{bli%al%rtxs%gl or a pair of prisms.

30. The system of claim 27, wherein the first and second beam
width adjusting systems comprise optical elements, and the system further
comprises:

a detector that senses a contrast value of the fringes;

a controller that receives a signal from the detector and outputs
first and second control signals based on the contrast value; and

first and second adjusting systems, hcoupled to the first and
second beam width adjusting systems, that receive respective ones of the first
and second control signals and thereby control orientation or position of the

optical elements within the first and second beam width adjusting systems.



spatial coherency and tenporal coherence before they
interfere. 32. The system of claim 27, wherein the

wo 2oogin7santl second beam wi dt h adj usti ng Syst ensPEr/@S2006/046313
configured to expand, reduce, or demagnify a w dth of
respective ones of the fjyst and second beans. 33. The
systemof claim27, further conprising: a substrate
stage that noves the substrate relative to the imge

fiel gl. The system of claim 27, wherein the first and second beam
width adjusting systems are configured such that the first beam and first beam
width adjusted beam have a substantially similar combined path length as the
second beam and the second beam width adjusted beam to maintain a mutual

spatial coherency and temporal coherence before they interfere.

32.  The system of claim 27, wherein the first and second beam
width adjusting systems are configured to expand, reduce, or demagnify a

width of respective ones of the first and second beams.

33.  The system of claim 27, further comprising:
a substrate stage that moves the substrate relative to the image
field. |



