LI GHT PATTERNI NG DEVI CE USI NG TILTING MRRORS IN A
SUPERPI XEL FORM I nventors: Nabila Baba-Ali Arno Jan
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I NVENTI ON Field of the Invention [0001] The present
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Such dynam c patterning dewhé s Rleekdsoneti nes
referred to as nmaskl ess systgiBegeExamei € environments
for use of the patterning device can be, but are not
limted to, a |I|ithographic apparatus, a projector, a
projection display apparatus, or the |ike. [0003]
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el ements, sonetines referred to as spatial |ight
nodul ators (SLMs), can include various types of
mitdeldnf thednveatioays. M rror types include, but are not
limted to, flat tilting mrrors, single phase-step
[0001i | t i ng heipresentsinveitonaslates to olight petemipigrdcaiogiapd greshod of
conpining tilt and piston actions. Wen imging with
mEer8fffor arrays as the object, the phase and
intensity of the light reflected by each mnor are
| MPRKLADEg Parameters. In conventional arrays of
individually controllable elenments having tilting
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devices are sometimes referred to” as maskless syStems.
environments for use of the patterning device can be, but are not limited to, a
lithographic apparatus, a projector, a projection display apparatus, or the like.

[0003] Currently, arrays of individually controllable elements, sometimes
referred to as spatial light modulators (SLMs), can include various types of
micromirror arrays. Mirror types include, but are not limited to, flat tilting
mirrors, single phase-step tilting mirrors, piston mirrors, or hybrid mirrors
combining tilt and piston actions. When imaging with MICromirror arrays as
the object, the phase and intensity of the light reflected by each mirror are
important parameters. In conventional arrays of individually controllable
clements having tilting mirrors, a maximum amount of negative light (1.e., out-
of-phase light) reaching the image plane is much smaller than a maximum
amount of positive light (i.e., in-phase light) reaching the image plane. For

instance, flat tilting mirrors can achieve an intensity modulation or grayscale

anywhere between 100% positive phase intensity and 4.7% negative phase




-2- ‘intensity. This linited negative phase intensity
has proven to be a limtation in enulating certain
types of conventional masks, such as phase shifting
masks. [00041 One nethod of inproving intensity

nodul ati on or grayscale 5haracteristics is to use
singl e phase-step tilting“mrror having, for exanple,
a R 4 height step and phase step of A/2, where | is
an i magi ng ‘wavel ength. Such a mirror has been
invented by Mcronic Laser Systens of Sweden. This
mrror can achieve a phase intensity nodul ati on
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Lj un rt| nson and Sandst rom "Phase Shlét ed
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individually controllable elements, such as tilting mirrors. For example it

would be beneficial to mimic arbitrary grayscale and phase independently to
effectively emmlate different types of lithographic masks, such as binary
- masks, attenuating phase-shifting masks (AtPSM), altemating phase-shifting
masks (AItPSM), CPL and vortex masks.
Ljungblad, Martinsson and Sandstrém: “Phase shifted addressing
using-a spatial light modulator”, Microelectronic Engineering, vol 78-79,
19 January 2005, pages 398-403, discloses the use of phase-step tilt mirrors
to form z:n f;ray of individually controllable elements.
US 2001/0045690 discloses the use of flat-tilt mirrors to form an

array of individually controllable elements for patterning a beam of

radiation.




19 January 2005, pages 398-403, discloses the use of
phase-step tilt mrrors tg forman array of

i ndividually controll abl e €l enents. US 2001/ 0045690
di scl oses the use of flat-tilt mrrors to form an
array of individually controllable elenments for
patternlng -a heamof . radiation. -3- [00071 The.
present i'nvention prOV|des a light patterning system
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first mirror displacement when untilted, and (ii) substantially adjacent to each

other,

[6009] Further embodiments, features, and advantages of the present
inventions, as well as the structure and operation of the various embodiments
of the present invention, are described in detail below with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0010] The accompanying drawings, which are incorporated herein and form
part of the specification, illustrate the present invention and, together with the
description, further serve to explain the principles of the invention and to
enablé' a person skilled in the relevant art(s) to make and use the invention. In
the drawinés,—-lil& reference numbers indicate identical or finctionally similar
elements. Additionally, in most drawings, the leftmost digit of a reference

rmmber identifies the drawing in which the reference number first appears.
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( of the present invention, are described in detai
below with reference to the acconpanyi ng draw ngs.
BRI EF DESCRI PTI ON OF THE DRAWNGS/ FI GURES [0010] The
acconpanyi ng drawi ngs, which are incorporated herein
and form part of the specifjcation, illustrate the
present invention and, togef%er wWth the description,
further serve to explain the principles of the
invention and to enable 's person skilled in the
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Super pi xel having randomy distributed phase errors.

[ GoDsL FIG. 6 illustrates a superplxel havi ng
bal t d tilt
oos) Vet 5e s TG 2" Sisbue, BEMRE rbgnasl! b 460

thgmgs illustrates a superplxel i ncludi ng four single
? ase-step tilting mnors

[6019 FIG. 7A illustrates a single phase-step tilting mirror.

{0020) FIG. 7B illustrates a superpixel including four single phase-step tilting
IMITTOrS.

10021] FIG. 8 illustrates how superpixels may be formed in an SLM

depending on feature location.

[0022] The present invention will now be described with reference to the

accompanying drawings.

DETAILED DESCRIPTION OF THE INVENTION

Overview

[0023] Although specific reference may be made in this text to the use of a
patterning device in a lithographic system that patterns a substrate, it should be
understood that the patterning device described herein may have other
applications, such as in a projector or a projection system to pattern an object

or display device (e.g., in a projection television system, or the like).




[0021] FIG 8 illustrates how superpi xels may be
formed in an SLM depending on feature |ocation.
[ 0022] The present invention will now be descri bed
with reference to the acconpanying draw ngs. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Overvi ew [ 00231 Al t hough
specific reference may be made in this text to the use
of a patterning device in a |lithographic systemthat
patterns a substrate, it should be understood that
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shifting masks). Moreover, these arrays are often
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[0026] In an embodiment, the array of individually controllable clements
comprises tilting mirror SLMs. The tilting mirrors may be flat tilting mirrors,
or phase-stepped filting mirrors. The individually controllable tilting mirrors
may be offset in height from each other, and are programmably selected mto
logically coupled groups of two or more to form a superpixel. The inventors
have discovered that combining tilting mirrors that are offset in height into
superpixels improves intensity modulation characteristics, and enhances the
array's ability to mimic arbitrary grayscale and phase. Such characteristics
also allow the correction of various types of SLM imperfections or errors. In
an embodiment, a superpixel is formed when groups of tilting mirrors (e.g.,
2 x 2, 0r 4 x 4, etc.) are logically coupled to perform as one large pixel. By
programmably selecting the tilt angles of the tilting mirrors that form the

superpixel, a variety of phase and grayscale combinations are possible.




correcting various types of SLMinperfections or
errors. [00261 In an enbodi nent, the array of
individually controll able el enents conprises tilting
mrror SLMs. The tilting mrrors may be flat tilting
mrrors, or phase-stepped %lltlng mrrors. The
|nd|V|duaIIy controllable tilting mrrors may be
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ognc%f i3 example, in order to create a multi-layer IC, so that the term

substrate used herein may also refer to a substrate that already contains
multiple processed layers,

[0029] The term “array of individually controllable elements” as employed
herein should be broadly interpreted as referring to any array that can be used
to endow an incoming radiation beam with a patterned cross-section, so that a
desired pattern can be created in a target portion of the substrate. The terms
“light valve” and “Spatial Light Modulator” (SLM) can also be used in this
context. Examples of such patterning devices are discussed above and below.

[0030] In an embodiment, the array of individually controllable elements can
include a programmable mirror array employing a matrix arrangement of

micro-mirrors, each of which can be individually tilted about an axis by




exposure, in, for exanple, a track (a tool that
typically applies a layer of resist to a substrate
and devel ops the exposed resist) or a netrol ogy or

i nspection tool. Wiere applicable, the disclosure
herein may be applied to such and other substrate
processi ng tools. Further, -t'fe substrate may be
processed nore than once, for exanple, in order to
create a multi-layer IC, so that the term substrate
uspdlyher ei simiely latded eflefri¢ diedl, sarbsy ratpéoyimatpiedoeleeity
contains nmultjiple proc sed layers. [0Q029] The term
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manner, the reflected beamis patterned according to
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number of exposures, during which the pattern on the array of individually
controllable elements and/or the relative position of the substrate changes.
[0033] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g., having a
wavelength of 365, 248, 193, 157 or 126 nm) and exireme ultra-violet (EUV)
radiation (e.g., having a wavelength in the range of 5-20 nm), as well as
particle beams, such as ion beams or electron beams.
[6034] In the hithography environment, the term “projection system” used
herein should be broadly iﬂterpreted as encompassing various types of

projection systems, including refractive optical systems, reflective optical

systems, and catadioptric optical systems, as appropriate, for example, for the




[0032] It should be appreciated that where pre-biasing
of features, optical proximty correction features,
phase variation techniques and nultiple exposure
techni ques are used, for exanple, the pattern

"di splayed" on the { array of individually
control l abl e el enents may di¥ffer substantially from
the pattern eventually transferred to a |layer of or on
the substrate. Simlarly, the pattern eventually
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the numerical dperture of projection systems. Further, the apparatus may be
provided with a fluid processing cell to allow interactions between a fluid and

irradiated parts of the substrate.
Exemplary Environment for a Patterning Device

[0038] Although the patterning device of the present invention can be used in
many different environments, as discussed above, a lithographic environment
will be used in the description below. This is for illustrative purposes only.

[0039] A lithographic apparatus is a machine that applies a desired pattern
onto a target portion of an object. The lithographic apparatus can be used, for

example, to pattern an object in a biotechnology environment, in the




[0036] The lithographic apparatus may be of a type
having two (e.g., dual stage) or nore substrate
tables (and/or two or nore nmask tables). In such
"nultiple stage" machines the additional tables may be
used in parallel, or preparatory steps nay be carried
out on one or nore tables white one or nore other
tabl es are being used for exposure. [0037] The
l'ithographi c apparatus may al so be of a type wherein
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of an object. The |ithographic agparatus cag ge used,
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I éisst yadidh®ndiyseudoeds phinvieing dodtebml (@fg a static device or an

array of individually controllable elements), an object table 106 (e.g., a
substrate table), and a projection system (“lens”) 108.

[0042] Radiation system 102 is used to supply a beam 110 of radiation, which
in this example also comprises a radiation source 112. As noted above, the
radiation beam can include a variety of sources including UV and EUV.

[0043] Array of individually controllable elements 104 (e.g., a programmable
mirror array) is used to pattern beam 110. In one example, the position of the
array of individually controllable elements 104 is fixed relative to projection
system 108. However, in another example, array of individually controllable

elements 104 1s connected to a positioning device (not shown) that positions it

with respect to projection system 108. In the example shown, each element in




mask, in maskless IC |lithography the patterning device
may conprise an array of individually controll able

el enents that generate the circuit pattern. [0040] In
general, a single substrate will contain a network of
adj acent target portions that are successively
exposed. Known Iithographiclﬁpparatus i ncl ude
steppers, in which each target portion is irradiated
by exposing an entire pattern onto the target portion
I nhereragamf addidadnnensotidbie whkhehtseBBhatcas e treflqaart itgpe

is irradiated by scanning the patte t hr ough. t he beam
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radi ati on system 102, a patterning device 104 (e.g., a
stragjicetiaiesysied Y8.an  array of individually

ontrold abl e el enents),,.an object I e, a
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beam 110 of radiation, which in this exanple also
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projection system . However, in another exanple,
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oaunERggs <if oPRRPRehSDniro I Ry AT TR i Somter
| Boliioes £Xa0RFGeahovdspaachoslemRm 1ian _10- the array
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spehérf diestly yor Hteowaying aravenkdicogdidoniapjdeeice 104, cwchgas a
a b!ae?n% iei}t:)an%oe? t1 Zeg, fgli” L}icacr:lgprfe.m%{u%ihat%r %t? ga?n comprise an adjusting

device 128 that sets the outer and/or inner radial extent (commonly referred to
as o-outer and o-inner, respectively) of the intensity distribution in beam 122,
In addition, illuminator 124 can include various other components, such as an
integrator 130 and a condenser 132. In this way, beam 110 impinging on the
array of individually controllable elements 104 has a desired uniformity and
Intensity distribution in its cross-section.

[0047] In one example, source 112 1s within the housing of lithographic
projection apparatus 100 (as is often the case when source 112 is a mercury
lamp, for example). In another example, source 112 1s remotely located with

respect to lithographic projection apparatus 100. In this latter example,

radiation beam 122 is directed into apparatus 100 (e.g., with the aid of suitable




substrate, or the like). In one exanple, substrate
table 106 is connected to a positioning device 116
for accurately positioning substrate 114 with respect
to projection system 108. [0045] Projection system
108 (e.g., a quartz and/or CaF2 | ens systemor a
catadi optric system conpri Sillllg | ens el enents made from
such materials, or a mrror systen) is used to
project the patterned beamreceived froma beam
spllirdctieg nlit®rsofitod showa).gethipdatter ocenddd i eftgn thongseowhen
nor e di .of substrate 114. Projecti.on system 10
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Al ternatively, projection system 108 can project
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and/or inner radial extent (commonly referred to
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istribution in beam 122. . In,additio i 1.l um npat or
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[ nsi. t [ {hution in its cross-section. [0047] In
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[0051])i t hogriapht exapple] ol émentagpabatustabR0l06as résizef tvath the
the case when source 112 is a nercury
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Ofele%gngsabll 84._ 11- It will be appreciated that beam 110 may
alternatively/additionally be moveable, while substrate table 106 and/or the
array of individually controllable elements 104 may have a fixed position to
provide the required relative movement.

[0052] In another example, substrate table 106 may be fixed, with substrate
114 being moveable over substrate table 106. Where this is done, substrate
table 106 is provided with a multitude of openings on a flat uppermost surface.
A gas is fed through the openings to provide a gas cushion, which supports
substrate 114, This is referred to as an air bearing arrangement. Substrate 114
is moved over substrate table 106 using one or more actuators (not shown),

which accurately position substrate 114 with respect to the path of beam 110.




directing mrrors (not shown)). This latter scenario

is often the case when source 112 is an exciner

laser. It is to be appreciated that both of these

scenarios are contenplated within the scope of the

present invention. [0048] Beam 110 subsequently

interacts with the array ofl?ndividually control | abl e

el enents 104 after being directed using beamsplitter

118. In the exanple shown, having been reflected by

t Ha aftley ofampldisubstrad |1y 4centpetd abere sulstreenbk 108 by

beaE111? passes éhrough projectign system 108, which
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al so be used to position the array of individually
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noveabl e, while substrate fable 106 and/or the ‘array
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over substrate table 106. Wiere this is done,
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t hrough the openings’to provide a gas cushion, I'C
stippomic or sappstircatigedibd. atThi speed W ef div,eth tahicks Miris ahé
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magnification o %I‘O]GCUOH system 108. In this manner, a relatively large
target portion [20 can be exposed, without having to compromise on
resolution.

{0057] 3. Pulse mode: the array of individually controllable elements 104
is kept essentially stationary, and the entire pattern is projected onto a target
portion 120 of substrate 114 using pulsed radiation system 102. Substrate
table 106 is moved with an essentially constant speed, such that patterned
beam 110 scans a line across substrate 106. The pattern on the array of
individually controllable elements 104 is updated as required between pulses
of radiation system 102, and the pulses are timed such that successive target

portions 120 are exposed at the required locations on substrate 114.

Consequently, patierned beam 110 can scan across substrate 114 to expose the




is noved over substrate table 106 using one or nore

actuators (not shown), which accurately position

substrate 114 with respect to the path of beam 110.

12- In another exanple, substrate 114 is noved over

substrate table 106 by selectively starting and

st oppi ng the passage of gaslthrough t he openi ngs.

[ 0053] Although lithography apparatus 100 according to

the invention is herein described as being for
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adi ation sys
illumination system that supplies a beam of radiation, an array of individually

controllable elements for patterning the beam of radiation (e.g., an SLM chip),
and a projection system that projects the patterned beam onto a target. The
array of individually controllable elements preferably includes a plurality of
individual tilting mirrors that are formed into one or more "superpixels." A
superpixel is formed when at least two substantially adjacent tilting mirrors
are logically coupled to each other, and act together as a single pixel. Two
parameters of the superpixel are of particular interest to the present invention.
First, the respective tilt angles of the individual tilting mirrors in the
superpixel can be programmably selected to reflect the beam of radiation with
a certain intensity, or grayscale. Second, two adjacent tilting mirrors may be
offset in height from each other by a certain mirror displacement to achieve a

desired phase offset. By adjusting these two parameters, a superpixel




table 106 is noved with an essentially constant speed,
such that patterned beam 110 scans a |ine across
substrate 106. The pattern on the array of

i ndividually controllable elenments 104 is updated as
required between pul ses of radiation system 102, and
the pul ses are tined such tHét- successive target
portions 120 are exposed at the required | ocations on
substrate 114. Consequently, patterned beam 110 can

s castoatin@gsths pyhstitdentidd coromexio gpeystdie arkBphage UDdilEkﬁ:bwn
pattern_for a,st %%p of substrate 114. The process

r e85 BEMFHES (ncluting Paaey. MIS M aAUPEYY GHs ansbuortex masks.
exm%ﬁ&mlb 8 hﬁg @u@? acc{o%aﬁglo he @%@ém Q50 GRD agﬁ%@ for

essentla ame as pufse no except
suthst MeDMﬂ pf pbast andr araidottt SENS)eﬂt(&thﬂZare snosadio be
n the arr y of individually

and the @aéternﬂﬁ

c ofRGCFETARIF BY @M% HERELNTRE C3LDIRHDGAreeFsis pat t er ned
[00cream 110i(RCansa o RSAuGHRS] atie s@l&é}'e ahd tiﬁmﬁoﬁﬁ?m' UPilting

[00591 5. Pixel Gid Inmaging Mde: the pattern forned

onmgubéwﬁé@eaymdm(NQem@amnbedhb@ababgeqm@ﬁﬂOeiﬂosgmmnr

Pt s Dy . s gener at or
ai B Rl BT & Py *Ghe “HREE Eiosec apBreuRa ying miror
sulypicainy bpdrhtgs then $aMBg nsdtiRPeherbh Mmkshisakfesl &4 st hi@ween
spots are printed in substantlally a grid. In one
exarpRigor RBEsHYY osi Ge- |I@a>qllau@eﬁeﬂﬁﬁafmtyan§§mi@a apfl fally off

pr(pot %gl oprle)ﬂ@ t]\g{y gten%w) nCf’ﬁ;c‘;hd} f%%% st%{as c%ﬁ* £$PO ?ﬁ to dlff?rmg

exposure spo varying intensity o
préragseales oa ipatditeesn and areeadntoded blythdelvei. t hxephase -type
ex QOSure fl ashes the |ntenS|té distribution over the

{88 MUITQLFATRBE CABHE6T YeEhhi RefiscHaR bRsa iFna BT HL MEIS
OrHetﬂ@&s QP@Y}%@&%@ %rehrﬁec‘?f ARAESH %%O%gﬁlgﬁ-&; t€Bhé SfleYso Yhat it

fferent nodes of use nmay al oyed. enplary
Supléwpl thelageriure ohien Amrgiyg dénsPri glleﬁmmb#tg)eEﬁheing mhisrok thus
nt of pr esent

0061]  As not.
| ptseoR o MRl nREe KRer s Ak i R S8 el St

[00633Upp| | €% AoleamHYY, dx@dmioh@ﬁb ptBmaleF 3y R il fﬁh%%@'thé{
control | abl e el enents for patterni ng the beam of

r deAkatyPothe(epgpixchis BeMlcaigh)., Thastiaopr @P@&Qttmmll‘m’ is
bt 8 g 15 SRLEHIEN TGRRATLE, LESthe
prefpéinakel finetivel isdidlasteats] By ainkt2B0ptvhile the intensity function is
Hlustrated by line 240. A state of maximum amplitude and intensity is shown
at point 220, where tilt angle is zero. A zero tilt angle typically occurs when
the mirror is at rest or untilted (e.g., not addressed in the SLM array). As the
mirror is tilted, amplitude and intensity decrease to a state of minimum
intensity and zero amplitude, illustrated by tilt angle 250. Tilt angle 250 is
the zero crossing tilt angle. For a square mirror, the point of minimum
intensity occurs where the tilt is one half the wavelength () of the incident
beam of radiation from one side of the mirror to the other. As the tilt angle
mcreases past the zero crossing tilt angle, the complex amplitude can have a

negative sign, while the magnitude of the intensity stays positive. Such tilt

angles can be referred to as black tilt angles. The black tilt angle having a




individual tilting mrrors that are forned into one or
nore "superpixels." A superpixel is fornmed when at

| east two substantially adjacent tilting mrrors are

|l ogically coupled to each otherysand act together as a
single pixel. Two paraneters of the superpixel are of
particular interest to the present invention. F :
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certain intensity, or grayscale. Becond, two adj acent
tilting mnors may be offset in height from each

other by a certaiq mrror displacenent to achieve a

desi reﬁ:pqaggmgﬁ_iet. By adjusting these two

paraneters, a spperpi xel -14- according to the present
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to t heaprdasent i nwekimutmegtisablak ibwglidor the

correction of phase error and other SLMerrors that

are known to be uncorrectable by any tilting mrror
calibrgtion.process. 1006 FI.Gs. .2A and 2B il lustrate
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exi st between the mrror being fully on (i.e.,
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zero reflectivity intensity). The different states
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can achieve an intensity modulation anywhere between 100% positive phase
intensity and 100% negative phase intensity. Mirror height and phase are

related as follows;
@ = Z%ket}ght

where ¢ is the phase, and ) is the wavelength of the incident beam of
radiation. The incident light is reflecied by the mirror, and therefore the

optical path deviation is twice the height. So, for example, a mirror




anplitude function is illustrated by Iine 230, while
the intensity function is F illustrated by |ine 240.
A state of maxi mum anplitude and intensity is shown at
poi nt 220, where tilt angle is zero. A zero tilt angle
typically occurs when the mrror is at rest or
untilted (e.g., not addresséf-in the SLM array). As
the mrror is tilted, anplitude and intensity
decrease to a state of ninimum intensity and zero

angkplacedeent bf | 4&tis aqedally tb ial [:ﬁlaﬁﬂ@‘iaﬁgéZSDJI Ti dhvuldrtgl evted
squa

250 i h tilt .
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ﬁ §§§g Ynegative sign, while the magnitude of the
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mam mum negative blackK tilt angle) where a is the
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superpi xel . Individually, adjacent flat mcromrrors
t hatnodgdethet ﬁ@quamr w@vglhngth tedfset B pumplaghadether exemplary
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[0067¢st abl iFsBeddA nintiesBBIItrae 4 c@SdrpiRB 00 comprising four tilting
mirrors with balanced mirror displacements and tilt angles. Superpixel 400
has four logically coupled tilting mirrors 402, 404, 406 and 408. The mirrors
402-408 are respectively arranged clockwise in a substantially square pattern.
Additionally, the tilting mirrors are offset in height from a reference plane (not
shown) wherein a height offset (or mirror displacement) of zero means that the
mirror is even with the reference plane. Specifically, mirrors 402 and 406
have a mirror displacement of zero, and are logically coupled such that their
tilt angles (0,) remain equal. Mirrors 404 and 408 have a mirror displacement
of 1/4 ), and are logically coupled such their tilt angles (a,) remain equal. All
four tilting mirrors 401-408 are logically coupled to each other such that they
function as a single pixel within the SLM array. Such a superpixel is referred
to herein as having "balanced" mirror displacements and tilt angles, wherein
mirrors diagonally positioned from each other have substantially similar

height and tilt characteristics. The average amplitude reflectivity response for

the real checkerboard superpixel 400 is as follows:




wavel engt h of the incident beamof radiation (e.g., h
= 1/41). However, in sone enbodinents, small (e.qg.,
It < 1/81) height offsets nay be deliberately inposed
to correct certain known SLM i nperfections. [0065)
Dependi ng on the particul ar height offset, adjacent
flat mcronmrrors can achiéVe an intensity nodul ation
anywhere between 100% positive phase intensity and
100% negati ve phase intensity. Mrror height and phase
are related as follows: V=2 L height where cp is the
phase and 7v is the wavel ength of the incident beam
~rad|at2|@n el i ncif de light is reflected by the
m' rré"“’”‘e'angt E(ef pre'1hg) optical path deviation is
twice the herght. So, for ‘exanple, a mrror 16-
di spl acenent of 1/41 is equivalent to a phase change
of n. It, sho u{ﬁglhgﬁ noted, .that the height offsets (or
mivViiEss Wals 1 W # sneledHtipe MEreidE e rHipREIITomE0), 4ng oo
th n be manufactured into the array
of@}hﬁa%:e%a%ﬁgstﬂﬁﬁgﬁ‘r ol lable tilting mrrors,
[0068diepend|qualormathumiegomnde pihdsecgatiae ant@itidesi cm difencet hbe

arr 3 nd 3B il]Justrate a sinp
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other by a certain mrror displacement. Specifically,
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otipler Thus, cviSlkacdrebe wehietedngiy ﬁ:kv.’lp‘k:tplxdf cdnli}ﬁlsed of flat

i nci dent beam of radiation. It should be noted that
t H&M&JAFPE wavel ength of fset is exenplary. O her

0069exenpl arasmddf SRESerbdled 9 i % rFI&V
[ Emaller of et% 16067 %%é&ahmg%%ofgI?IFlﬁsfﬁ‘?atAesvgth

stigesuperpetc! dgovic onplis |4m‘g affidodB, thel mirmyg displacements and tilt
angles of superpixel 410 are balanced. Superpixel 410 also has four logically
coupled tilting mirrors 412, 414, 416 and 418. The mirrors 412-418 arc
respectively arranged clockwise in a substantially square pattern. Specifically,
mirrors 412 and 416 have a mirror displacement of negative 1/16 A, and are
logically coupled such that their tilt angles (o) remain equal. Mirrors 414 and
418 have a mirror displacement of 1/16 A, and are logically coupled such their
tilt angles (a2) remain equal. The average amplitude reflectivity response for

the complex checkerboard superpixel shown FIG. 4C is as follows:

~ - a i O_’,D
Aswperiner = 22| e 4 sinc +e % sinc
) o (47




mnors with balanced mrror displacenents and tilt

angl es. Superpixel 400 has four logically coupled

tilting mnors 402, 404, 406 and 408. The mrrors

402-408 are respectively arranged clockwi se in a

substantially square pattern. Additionally, the

tilting minors are offset i-d8height from a reference

pl ane (not shown) wherein a height offset (or mnor

di spl acenment) of zero nmeans that the wmirror is even
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and 406 have a mrror displacenent of zero, and are
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to herein as having "bal anced" mrror I'acenent
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p05| |oned fr each, ot he ve subst ntiaII S|n1Iar
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super pi xel is as follows: 17- Asiperyl xel =2W si ne
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Ség but aln in negative intensity from4.7% to
%élﬁgﬁ 3@ 37% This neans that AltPSM emul ati on

with a single mrror requires "throwi ng out" over 95%

of the light that can be potentially reflected by the

m nor, whereas superpixel 400 only throws out 67% of

t he Ilght Thus, él Pe achi-eve i ng -a

s uperpi=cel ecgnb$n#;ﬁlfﬁmd1an{?%-Hdﬁszmm-*%i ‘Me4smc
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grouping the mirrors into pairs (501,503) and (502, 504) and calculating the

compensated amplitude for each pair, with o) = a3, yields:

for ar=ca2
umenisat = 7w sine ( a |J ( cos( A)cos( A)) + sin( As)sin( A . cos(A4)oos( Az) +sin( As)sin( Az)]

o cos{ A} + sin( Ay) cos( Aq) +sin{ Aa)
Correcting phase errors thus results in an attenuated reflected amplitude. This
attenuation is a fraction of a percent, even for phase errors of about 5 degrees.
For larger phase érrors, this reduction in reflectivity will have to be taken into

account during rasterization.




[ 0069] A conpl ex checkerboard superpi xel 410 is shown
in FIG 4C. As with the superpixel shown in FIGs. 4A
and 4B, the mnor displacenents and tilt angles of
super pi xel 410 are bal anced. Superpi xel 410 al so has
four logically coupled tilting mnors 412, 414, 416
and 418. The minors 412-41818re respectively arranged
cl ockwi se in a substantially square pattern.
Specifically, mrrors 412 and 416 have a nmirror

[0078 spl ac@hemboﬂinmmﬂbsce‘bﬂd hBoks hand gatiegallyl eigivealblajanced

N Fei OB aeior 4TRlavemsies fOR  Gits ghblebnene ROTAL
aerﬁﬁﬁhlﬁiéﬁts L%%'aﬁlﬁ!:écb’su’g@%m‘e%dmﬁygp f(%tﬂf‘e]dr Fibi {Stsh@\pg L& an

(a2) remain equal verage anplitude reflectivity
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su erpl xel 4Q0. 100701 In a nore realistic situation,
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W [ ddi S ff
LR En! R RR Sk oS hARGE RUBRRGP B
ove&ponﬁﬁeofesm}ayn mrﬁbailamded/mcdm;ﬂhi yelmmupeﬂphﬁbiﬁstfmlldw{ig
m nor SLMs from which the superpixel is formed. Such a
superpixel is illustrated in FIG 5, which depicts a

conpl ex ch ard ,super pA xel t h ,phase rors.
SpBGi b cab! )émc(%% cf s’?MjE wéuée'sn@ & four
tilting mnors ere mrror pl ace are

bal anced. Phase offsets are depicted respectively for

m nors 501, 502, 503, and 504 as , - 4i while the .
[ 4. The
{ 0072‘ililletr agrejf%l gee%er% eeptgrg% gsteecgbjec?%pﬁ Cvtlclarvgln ngesdsa%o be a%le to vary

the phase at a fixed amplitude. Also, it should be noted that the maximum
amplitude is proportional to w? = W4, and therefore the maximum intensity
is 1/16™ of the equivalent single-wide piston mirror. This means that, for this
example, the ability to mimic arbitrary phase comes at the cost of losing about
94% in reflectivity.

{0073} The same complex helical superpixel can also be used as a grayscale
device when tilt angles are set-up appropriately. When this is the case, it is
possible to maintain the phase constant and vary the superpixel grayscale. The
maximum positive and negative intensities in this case are about 18% of the
maximum intensity reflected by the equivalent single-wide flat tilting mirror.
This combination can emulate an AltPSM with about 82% loss compared to
95% for a single-wide flat-tilting mirror.

[0074] In yet an alternate embodiment, phase-step tilting mirrors may be used

to form superpixels. Phase-step mirrors have the advantage of being able to




anplitude reflectivity response of the conpl ex
checkerboard superpixel of FIG5 is as follows: a.
9.,.." X ] =wW2 e"e sinc - +eid"'e sine(-I +ei ,e "

sinc(a- +eide " sincas 14 4 444444441 4 4 4 4
42 4 4 4 4 4 Au3 A24 grouplng the mrrors into pairs
(501, 503) and (502, 504) andYcal cul ating the
conpensat ed anplitude for each pair, with a, = a2,
yields: foral]=a2 As,em x<] _ vL WSInC a]
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A4)3|n(A2)) (a0) cos( A) #+sin(A) A4) +si n(.A4)
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shoyspmet T iabsrpbRGhE aldhpheaHndethiddrkt i ng mrrors,
respectively | abel ed 602, 604, 606 and 608. T|It|ng

(007602 i rophhyas Spefpixel aW&I ]@asa])alwqeﬁ myirgar n@gplacements with

di C

A i e
micepabie 60@nhdsing il Intashrtg;bee alwiitid agbitmanyrgrase mask types
di s Iacenent of 1/4 X, and tjiltin 08 has a
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for phases exactly between these phases. This may be contrasted with 100%
intensity efficiency for a pure piston mirror. The intensity efficiency,
however, is still higher than the 9% efficiency of balanced, flat mirror 1/8A
displacement superpixel.

10677] In an altemative embodiment (not 1llustrated), small mirror
displacements (e.g., h << 1/8A) may be deliberately imposed in a balanced
fashion between the phase-step tilt mirrors. Such a height offset scheme
allows compensation with minimum light loss of the phase effects of small
random hetght variations that occur during the fabrication of the individual
tilting mirrors in the SLM array. The maximum efficiency of such a
superpixel is still about 50%.

[0078] In conclusion, phase-step mirrors in superpixel configuration lead to
higher intensity efficiencies when hard phase shifting is required, and the
intensity is created more symmetrically dispersed over the superpixel than
when using flat tlting mirrors.  With phase-step mirrors, a helical

configuration {e.g., superpixel 600) is no longer needed to address all phase




rel I/ 1/ 3 flsupe,picel = WLsine J- sinc~aaj to 2
sine e( 2 sine a, a, a, [00721 To generate pure phase
obj ect behavior, one needs to be able to vary the
phase at a fixed anplitude. Also, it should be noted
that the maxi mum anplitude_is proportional to w2 =
W2/ 4, and therefore the nax?hun1|nten5|ty is 1/16 x'
of the equival ent single-wide piston mnor. This neans
that, for this exanple, the ability to mmc arbitrary
pregkes coiasheat thchealenstl ofirrbrosbmigguaiiout of suPdpexich 700 is

refl ctivity, 1 The same conpl ex heljcal
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phase-step tilting mrror may have a ?./4 height step,
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[0076], As shown, superpixel 700 has bal anced m rror
dieﬁimﬁé’é(n@%@“v\?ﬂ LM array 800 has been fabricated such that the
individual tilting mirrors are offset in height from each other. For example,
tiling mirror 801a may have a mirror displacement of zero from a reference
plane (not shown), while tilting mirror §01b may have a mirror displacement
of M4 from the reference plane. The exemplary tilting mirrors are arranged in
checkerboard pattern such that a balanced superpixel {(e.g., superpixel 400)
may be formed by selecting or addressing four adjacent mirrors. This is
illustrated in FIG. 8 by a circle superimposed over the four mirrors making up
a superpixel (e.g., superpixel 805). FIG. 8 further illustrates how the
superpixels may be chosen depending on the location of the features to be
imposed on a target. Such features are illustrated by patterns 8022 and 802b.
[0081] Various embodiments of the present invention have been described
above. [t should be understood that these embodiments have been presented

by way of example only, and not limitation. It will be understood by those

skilled in the relevant art that various changes in form and details of the




mrrors 704 and 708 having a mrror displacenent of
1/8X. Superpixel 700 is capable of enulating all mask
types, including arbitrary phase mask types such as
vortex masks with larger efficiency than the helica
superpi xel with flat tiItiqg mrrors described above
(i.e., superpixel 600). The G ntensity efficiency of
super pi xel 700 ranges from 12.5% for phases coi nci di ng
with the natural phase of any of the two sub-pi xel
pafploqiacyfs desrbedrbovrORay PO 4)ade ovidBs defp@rum@eghe Splrlt

o e VeSS B P A B8

i aar scoéef ihatpetisht WverdifonGhemaynot b OWEME by dn? osmhé hbove-
hi gher. than the 9% efficiency of bal anced, at mrror

1/ Grcripd<syempane sEbedivegni, oul shoubotrerfiefingdzgmly in accordance
al t trated), small m nor
di%g ggghgﬁ?gﬂ?ﬁﬂﬁﬂﬁﬁgu&ﬂ%@Fgﬁ&Hﬁa be deliberately

i nposed in a balanced fashion between the phase-step
tilt mnors. Such a height offset schene allows
conpensation with mninmumlight |oss of the phase
effects of small random hei ght variations that occur
during the fabrication of the individual tilting
mrrors in the SLM array. The maxi num effici ency of
such a superpixel is still about 50% [0078] In
concl usi on, phase-step mnors in superpixe
configuration lead to higher intensity efficiencies
when hard phase shifting is required, and the
intensity is created nore symmetrically di spersed over
t he superpixel than when using flat tilting m nors.
Wth phase-step mrrors, a helical configuration
(e.g., superpixel 600) is no |longer needed to address
all phase -21- angles. Rather, the balanced mrror
configuration of superpixel 700 is sufficient by
virtue of the symmetrical intensity created by
phase-stepped mrrors in negative and positive phase
sense. [0079] As descri bed above, the inventors have
di scovered that conbining tilting mrrors, which are
of fset in height with respect to each other, into
super pi xel s i nproves intensity nodul ati on
characteristics, and enhances the
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array's ability to mmc arbitrary grayscal e and
phase. In an enbodinent, a SLMchip may have mllions
of tilting mcromrrors iB an addressable array. An
SLM pattern generator wodd sel ect the appropri ate
szﬁeggigel configuration depending on the desired

r vity and phase characteristics, and dependi ng
on the location of the features to be i maged. It

should be noted that, for sinplicict t he above

descriBed edbbeit PERRIBINGAYECTNEITRRYNE t her two- or

four- & ﬂﬂ#; BEME bf radiati

super plaﬁe smﬁ“gltlfi)(ﬁlrles'?&lﬁl E}%gﬂ& rrgcrd t9§§:p r#_?r ors cgaulladlolge

SKDmgxﬁmglaweﬁahegatveﬁngtgl(hn SLM pattern gener ator -
ependi ng on red c cterist |xe

[ 0080] aFuaGay 8} WEWL@@&P@%“& b@xﬂﬁ‘ﬁ?‘&? tﬁ’a?ﬁ?ﬂ

S fpde up of individually controllable
}p%@l‘flsﬁ%ﬁl ng h1 rrors (e.g., 80la and 801b). This

exenpl arpyojpeticni sgstemf(lﬁ)l\ﬂoaﬁgm;td SOprofest st Baftaragsk hesnt ed

such that the individual tilting mrrors are offset

i @nWeﬂjFﬁet;f rom each other. For exanple, tilting

mrror cﬁé’(%aem i e sald Hhrhy pro4ﬂ i@mda@smtpmél haeing at

froma reference plane (not s while tilting

milgasoa fis0 mhmgmyanha(ﬂé)zhthﬁ rSrIQElCEIiBS?ﬂ“ﬁEéﬁ% Asecogfl tlJftllﬂ’gﬂr

f t
n{rq%?g]: E?%g gp’@g %1 c?ﬁ?st gﬁ c% oar gﬁ%ﬁ#ﬁ@gg@gg@ are (i)
t @%sta%tf‘aﬂﬂz adaesht ﬁjmh pibe) an(:lQnDoffses uﬂ&‘nght fiein ep@b otharky

formed by selecting or ggéjres& ng four adjacent
marfOstnll’fHﬁldS‘P]%emi’ml"‘d?Wl&f‘ in FIG 8 by acircle
superinposed over the four mrrors making up a
super pi xel (e.g., superpixel 805). FIG 8 further

i 1 ust pat es Thewystére of shaer pivkelesn said, flisemiressigplacement is
dependi ng on_the location of the features to be

'iﬁﬁ'@%‘@%‘ﬁ‘%”target Such features are illustrated by

patterns 802a and 802b. [0081] Various enbodi nents of
the present invention have been descri bed

shoul'd 3be uitlesptendf thim 1 wheeineseisbishBHTY Mf’éeﬁ’éaws
presen 0 d not limtation.
|FCWP13 %BEI fgﬁﬁ’é"r‘%t“'%%gt n;ﬁlhz “’éw‘%ﬁr fed in the

relevant art that various changes in formand details
of the -22- enbodi nents described, above (r}a bg madg
W {Rou. epde T OSANS 3o 71 whergingeid Fifang s

]Zt enlhlrlrorg‘g %&13%9) 1%§pé?:ﬁ%l9qﬁvé Brogfinbhtit Bst addistond fif

angles, thereby permitting a superpixel including said first and second tilting

mirrots to reflect the beam of radiation with a selected grayscale and phase.

S The system of claim 4 wherein when said first and second
tilting mirrors (302,304} are untilted, said first and second tilting mirrors are in

a position of maximum reflectivity.

6. The system of claims 1 fo 5, wherein each of said tilting

mirrors (302,304) is a flat-tilting mirror.




and scope of the present invention should not be
limted by any of the above- described exenplary
enbodi ments, but should be defined only in accordance
with the followi ng clainmg4and their equivalents. 23 |
CLAIM5S 1. A light patterning system conprising: an
illumnation system (102) configured to supply a beam
of radiation (110) having a certain wavel ength ék)
an arrdy of Thagystanofanyoneshcladns Atp 4, whesiamesh phesid

copfiqured to atler | d beam and a projection
Sggpg%u(rfa%:)spg%s%fsﬁegﬁpciﬁﬁggm oj ect said patterned beam
onto a target; characterised in that said array (104)

i ncl udes a super pi xel havin t. least _a.first tilting

mi r r or 8 302 'he pistern of ¢laig &af é?elaméaidtfér_staar@éeﬁﬂm
t.d.t . . . . .
séiélonl gi%ﬁoth AI:I‘% gﬁtrlrll&er%?ggrlg ﬁ?% gad\gl%&?ﬂi g}tgr@(rlgsr{drér & iRBPosition

sobsimmuinaleflyctbdlyacent to each other, and (ii) offset
in height fromeach other by a first mrror
di spl acenent when untilted. 2. The systemof claim]1,

wher ei g sai j ' [ twheteinSeidirst and
fracti g’n of ﬁ)‘é é)%&}nTﬁ%M ys?teg]lrﬁw%%%ﬁ%?g?ﬁﬁ v{ \%ler ei %rssaarlli d

f facend tiiting anirdissB 02,2 84Peotming saidebpopigl fncsehecthé figmoup

tonsistin f zero 4, or ?A8, 4. The syst of 4
crappgeLa Dy gl mBin & fopd; i BERSF forhaing
t b HHe"8callbh b4 Feat#0 o pREInddTRARE farRt.y have
programmabl e first and second tilt =~ angles, thereby
permtting a superpixel including said first and

second, tilti ' e .t he beam of

radi at }%n tri%hgg%{e#@[é?ﬁ?eéé’a%@g'fsgtgand phase. 5. The
syst emypifllualigdtion4ysverr(€02) cohgursdiasupplysd beantoSediatioh
tilting. mrrors (302, 3042 are untilted, said first and
s@dBhepving 4 sRBIhVAYISNEthiN: in  a position of maxi mum

g:]; Legfﬁd. ési'lé%ygpftr?ﬁl%c?igg pRUE(EM)onfibdtel o PatiePn Paid BERAGING

a projection system (108) configured to project said patterned beam
onto a target;

characterised in that said array (104) includes superpixels (400) having'
first through fourth tilting mirrors (402,404,406,408) that are logically coupled
to each other, and wherein said first through fourth tilting mirtors are
'respectivcly (i) arranged in a substantially square pattern, and (ii) offset in
height from a reference plane by first through fourth mirror displacements

when untilted.

11.  The system of claim 10, wherein said mirror displacements are
balanced such that said first mirror displacement is substantially equal to said
third mirror displacement, and said second mirror displacement is substantially

equal to said fourth mirror displacement.




mrrors (3.02,304) is a flat-tilting mrror. 24 7.
The system of any one of clains i to 4, wherein each
of said tilting mirrors is phase-stepped mrror. 8.
The system of claim7, whBrein when said first and
second tilting mirrors are untilted, said first and
second tilting mrrors are in a position of mninmm
reflectivity. 9. The system of any one of clains 1 to
?, Whenq% nf %e@yﬁthﬁ&ﬁg&hﬁ 11 §@herei|i1 daid ﬁismlmdﬂﬁné mgrror
302, 204 orm ng said superpjxel_ are selected fro
ard magnislage zre.twWhilsrsate pepond and; fagrthmipen ds ?%PGF‘&PQW
sg%? super pi xel depending on the location of a
féature to patterned on said target. 10. A |ight
patterni ng system conprising: an illum nation system
(102) configured to supply a peamof, radiation .(110)
havi ng 13- cer b spistaed ciaag i, v r,emast‘f‘daﬁ'i%@ B8 mifeds
refl ect] | i | @b ftleflts are
b é\sr%?actglrll%gts g} %frgg?’é@%%é)ﬁldgsggdggnéﬁ ?glélgt@conflit(gﬂﬂr]%d to
pngg.ect said patterned beam onto a target;
characterised in that said array (104) includes
super pi xel s (400) having first through fourth tilting
i rrors (402 IrEsal PEisC Rk dughFouE ed
to eacﬂ4bthé?éggﬂégﬁgggg%gbggﬁg%first throd%% fourth
t iphitdondisplacererds ameeeroespecti vely (i) arranged in a
substantially square pattern, and (ii) offset in
hei ght froma reference plane by first through fourth
mrror 1di SplageyRBhof ki Ouwhédeiredid fidst thftughdysttem of
claim 10, wherein said mrror displacenents are
bahignot displeoehenthare differentrirom eagh othely di spl acenent is
substantially equal to said third mrror
di spl acenent, and said second mrror displacenent is
subst anti al I'The sesitidlof this dSpwhereint daichfinst through fourth

di spl acenent. .Y f 5
mixpror displacements are less than A/8.

17.  The system of claim 15, wherein said first mirror displacement
is zero, said second mirror displacement is A/8, said third mirror displacement

is A4, and said fourth mirror displacement is 3M/8.

18, The system of any one of claims 10 to 17, whetein said first
through fourth tilting mirrors (402,404,406,408) respectively have
programmable first through fourth tilt angles, thereby permitting a superpixel
including said first through fourth tilting mirrors to reflect the beam of

radiation with selected grayscale and phase.

19. © The system of claim 18, wherein said tilt angles are balanced
such that said first tilt angle is substantially equal to said third tilt angle, while

said second tilt angle is substantially equal to said fourth tilt angle.




12. The systemof claim 11, wherein said first and
third mrror displacenents are zero, while said
second and fourth mrror displacenents are 214. 13.
The system of claim 11, Mherein said first and third
mrror displacenents are zero, while said second and
fourth mrror displacenents are V8. 14. The system of

claim 10, wherein said first through fourth mrror
di spl a@8menflye aystem of olain $8, Wirpseis pard divstohrongh fenrigtilt

wher.ei n .d first through fourth mrror
diag%}p%@gﬁlgﬁqrgnt Oéna‘imlhfoglil%ht from each other. .16. The
system of claim 15, wherein said first through fourth
mrror displacenents are |less than 218. 17. The system

of cl al2in 15Thespstean of elaines 18, 18 or A9.ohereipspicaseiddibt i s

. .sai g, s d. i i o !
¢ BBt e SR (4 401 206 206 it g £ iftoueh
Migsyra tildhs RiR6R AR d fosRidh®f nib@imuth eefiacivityn of any one

of clainms 10 to 17, wherein said first through fourth
tilting mrrors (402,404, 406, 408) respectively have

progranyabl gyl sgér%b%ﬁ}mcffw 816 td 21 IAAES caltlHTsERY

permtfing a s rxel” Including sard first through
f @lilrghinikiokd (400,404 ,406,488)tioa flef-likiag niher.beam of
‘radiation wth sel ected grayscal e and phase. 19. The
system of claim 18, wherein said tilt angles are

bal anced  sggh s}sﬁ oB@h#th 10 "Werdih ls&chlqﬂ%laﬁ tilfing mirrors is

substantial [y eq to said third tilt angle, while

s phatesteppetiminrdt angl e is substantially equal to said
fourth tilt angle. 26 20. The system of claim 18,
wherein said first through fourth tilt angles are

di fferent frpgyReshopsihies 23,3dhercie/hey siid firafthohgh furth
18, 19 or 20, wherein when said first _through fo_ﬁrth
1§

t tiltingmejriors (462.404.406408) arerwsiliedgypidafirst thieygh fogrth &
first through .f 00 M:fyors are in a
B B el htubi 16/
25.  The system of any one of claims 10 to 24, wherein said first
through fourth tilting mirrors (402,404,406,408) are selected from amongst a
plurality of such tilting mitrors to form said superpixel depending on the

location of a feature to patterned on said target.

26. A method for patterning a beam of radiation, comprising:

patterning a beam (110) of radiation having a wavelength (A} using an
array (104) of reflective pixels; and

projecting the patterned beam onto a target portion of an object;

characterised in that said array includes superpixels having at least a
first tilting thirfor (302) that that is logically coupled to a second tilting mirror
(304), and wherein said first and second tilting mirrors are (i) offset in height
from each other by a first mirror displacement when untilted, and (ii)

substantially adjacent to each other.




22. The system of any one of clainms 10 to 21, wherein
each of said tilting mrrors (402,404, 406,408) is a
flat-tilting mrror. 23. The system of claim 10,
wherei n each of said tilg?ng mrrors is phase-stepped
mrror. 24. The system of claim 23, wherein when said
first through fourth tilting mrrors
(402, 404, 406, 408) are untilted, said first through
fourth tilting mrrors are in a position of m ninmm
reflectjvity,, 25. The.syst f any . of ,cl ai .

to 24, %kerénﬁ”§ﬂ$83Pf$%FnSgh&%ﬁ@ﬂSﬂgﬁﬁﬁﬁnF%?Fpﬁéu%%r
m r f{%}f £ higle, fihOmMetiad Fashiera
pl {?Pgﬁié%é%csuc ﬁ%)\i%l ti ngmﬁfefgﬂ&ﬁl? oﬁglor m sai d

s enprisiey progeemtibigsebreting eaid e ani secoot Ll analgs 69 tat o

patt erned,on [ et..26. .A nethod, for I hg
D bt e ghe PG pFRdivigh Vind Fioe sBRELIE Y

( ¢0f radiation having a wavel ength (%) using an
array (104) of reflective pixels; and projecting the
patterned beamonto a target portion of an object;
charactegfis in ' r ' 'S e
navi ng 2 T o Mehbdbs Sfinf 2ol 2% dutfersiRpBp ShRlatRl s
t kst ofie bPObiaaty iaskoutpin@atidOpltases siifimekskj dndiaftgrnating phase
1304), and wherein said first and second tilting

rmi ghi ﬂﬁwbﬂ@n$ﬁyd$ﬂﬁﬁé¥dﬁn hei ght from each other by a
first mrror displacenent when untilted, and (ii)
substantially adjacent to each other. 27 27. The

met hod of claim26, wherein said first and second
mrror 802, R@pethed pbaluiny 86,2728, further eompsisthgsseleshag

tilt, angle, the method fur risin :
orsis Bivnet ol b e GOFbo g FRET A BhBEn gty of such
af}ghﬁg miRods@pendin Bn EIBERIORIT arfedthiees pattdrsedaanidf
radiation wmth a sélected grayscale and phase. 28.
Thergett hod of claim 26 or 27, further conprising

enul ating at |east one of a binary nmask, attenuating
phase shift nmask, and alternating phase shift mask
usi ng sai d super pi xel s.




29. The nethod of claim 26, 27 or 28, further
conprising selecting said first and second tilting
mrrors (302,304) fromanongst. a plurality of such
tilting mrrors, depending on the |ocation of a
feature to patterned on said, target. LI GHT

PATTERNI NG DEVI CE USI NG TI LTPRG M RRORS IN F A

SUPERPI XEL FORM ABSTRACT OF DI SCLOSURE A [ i ght
patternin em conprises an illum nation system

t haLIGﬁmglAléﬁER}%@é@ DEVIAT aISIoHG HALTHN G MéRlRiDHS IN
wavel ength (% . An o SUPRRPIKEI! BORIVE Pi xel s
patterns the beam wherein the array iIncludes pixels
having at least a first tilting mrror that is
logically coupled to a second tilting mrror. In an
enbodi ment, the fa R f Hd rrors are
(i) subst anti al | y B%EJ aceg‘tséfgﬁggaéc%Q%lgREn and (ii)
offset in height fromeach other by a first mrror

di spl aceéwdight petigriopecyysiom sywpesesi s iiHuudédnt fiatem  that

ts the tterned. beam onto a target,. .l.n
P Buffles o B B ROt RO 35t B eIl 00" s of
I NGkikdese Eix&ﬁ';ﬁttb@m‘ itMGbdahd, SthetdM PGFral Qb ddRs tpidd l'ikﬁfmg at
mrrors that are Ioglcally coupl ed to each ot her.

f i rl@ast & Arsbuinefroimar that iy logisglbnequpaddo arsecqrid)tilting mlrror In
Y e ty L9 a.referen lr'ﬁ ne.
PRI e B0 S HRE BT LhiSany
( i |a)1Jaemﬁ t6 mplecmnarehyd &y affgedn Gie@@k\ﬂo‘ile chéh @ther by a first
substantjally square pattern. Figure 1
mirror displacement. A projection system 1s inciuded that projects the
patterned beam onto a target. In alternate embodiment, the array of reflective
pixels includes pixels having first through fourth tilting mirrors that are
logically coupled to each other. The first through fourth tilting mirrors are (i)
respectively offset in height from a reference plane by first through fourth
mirror displacements, and (ii) are respectively arranged clockwise in a

substantially square pattern.

Figure 1




