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LITHOGRAPHIC APPARATUS AND DEVICE 
MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/022,921, ?led Dec. 28, 2004, which is 
incorporated herein by reference in its entirety. 

BACKGROUND 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a lithographic appa 
ratus and a device manufacturing method. 
[0004] 2. RelatedArt 
[0005] A lithographic apparatus is a machine that applies a 
desired pattern onto a target portion of a substrate. Litho 
graphic apparatus can be used, for example, in the manufac 
ture of integrated circuits (ICs), ?at panel displays, and other 
devices involving ?ne structures. In a conventional litho 
graphic apparatus, a patterning device, which is alternatively 
referred to as a mask or a reticle, can be used to generate a 
circuit pattern corresponding to an individual layer of the IC 
(or other device), and this pattern can be imaged onto a target 
portion (e.g., comprising part of, one or several dies) on a 
substrate (e. g., a silicon wafer or glass plate) that has a layer 
of radiation- sensitive material (e. g., resist). Instead of a mask, 
the patterning device can comprise an array of individually 
controllable elements that serve to generate the circuit pat 
tern. This is known as a maskless lithographic apparatus. 
[0006] An array of lenses can be arranged perpendicularly 
to the direction of propagation of the projection beam, each 
lens transmitting and focusing a unique part of the projection 
beam onto the substrate. This is known as a micro lens array 

(MLA). 
[0007] In general, a single substrate will contain a network 
of adjacent target portions that are successively exposed. 
Known lithographic apparatus include steppers, in which 
each target portion is irradiated by exposing an entire pattern 
onto the target portion in one go, and scanners, in which each 
target portion is irradiated by scanning the pattern through the 
projection beam in a given direction (the “scanning” direc 
tion), while synchronously scanning the substrate parallel or 
anti-parallel to this direction. 
[0008] When exposing substrates it is important that the 
patterned projection beam is accurately focused onto the sub 
strate. Changes in the thickness or warping of the substrate 
can lead to inaccuracies in the exposure of substrate. This has 
conventionally been remedied using actuators to adjust the 
height of the substrate. The disadvantage of this solution is 
that it is necessary to move or bend the entire substrate. 
[0009] Maskless apparatus are often used in the manufac 
ture of ?at panel displays. Substrates used for ?at panel dis 
plays are more ?exible than conventional silicon substrates, 
and therefore more susceptible to deviation in the height of 
the surface on which the image is to be exposed. When expos 
ing ?at panel displays, it is also desirable to be able to change 
the image being exposed. 
[0010] Therefore, what is needed is a system and method 
that provide an improved method of compensating for 
changes in thickness of a substrate. 

SUMMARY 

[0011] According to one embodiment of the present inven 
tion, there is provided lithographic apparatus comprising an 
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array of individually controllable elements, and a projection 
system. The array of individually controllable elements pat 
terns the beam. The projection system projects the patterned 
beam onto a target portion of a substrate. The projection 
system comprises an array of lenses arranged in a plane and 
an actuator system. Each lens in the array of lenses transmits 
a different part of the patterned beam. The actuator system 
changes a location of at least one lens where the array of 
lenses is at least partially deformed within the plane of the 
array of lenses. 
[0012] According to a further embodiment of the present 
invention, there is provided a method comprising the follow 
ing steps. Providing a patterned radiation beam. Projecting 
the patterned beam onto a target portion of a substrate using at 
least an array of lenses arranged in a plane, such that each lens 
in the array of lenses transmits a different part of the radiation 
beam. Changing a location of at least one lens the array of 
lenses such that the array of lenses is at least partially 
deformed where the at least partial deformation is within the 
plane of the array of lenses. 
[0013] Further embodiments, features, and advantages of 
the present invention, 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 

[0014] The accompanying drawings, that are incorporated 
herein and form a part of the speci?cation, illustrate the 
present invention and, together with the description, further 
serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the 
invention. 
[0015] FIG. 1 depicts a lithographic apparatus, according to 
one embodiment of the present invention. 
[0016] FIGS. 2, 3, 4A, 4B, 4C, and 5 show various arrange 
ments of actuators, according to various embodiments of the 
present invention. 
[0017] FIGS. 6 and 7 depict details of a lithographic, 
according to various embodiments of the present invention. 
[0018] 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. 

DETAILED DESCRIPTION 

Overview and Terminology 
[0019] Although speci?c reference can be made in this text 
to the use of lithographic apparatus in the manufacture of 
integrated circuits (ICs), it should be understood that the 
lithographic apparatus described herein can have other appli 
cations, such as the manufacture of the manufacture of DNA 
chips, MEMS, MOEMS, integrated optical systems, guid 
ance and detection patterns for magnetic domain memories, 
?at panel displays, thin-?lm magnetic heads, micro and 
macro ?uidic devices, etc. The skilled artisan will appreciate 
that, in the context of such alternative applications, any use of 
the terms “wafer” or “die” herein can be considered as syn 
onymous with the more general terms “substrate” or “target 
portion,” respectively. The substrate referred to herein can be 
processed, before or after exposure, in, for example, a track 
(e.g., a tool that typically applies a layer of resist to a substrate 
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and develops the exposed resist) or a metrology or inspection 
tool. Where applicable, the disclosure herein canbe applied to 
such and other substrate processing tools. Further, the sub 
strate can be processed more than once, for example, in order 
to create a multi-layer IC, so that the term substrate used 
herein can also refer to a substrate that already contains mul 
tiple processed layers. 
[0020] The term “array of individually controllable ele 
ments” as here employed should be broadly interpreted as 
referring to any device 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 sub 
strate. The terms “light valve” and “Spatial Light Modulator” 
(SLM) can also be used in this context. Examples of such 
patterning devices are discussed beloW. 

[0021] A programmable mirror array can comprise a 
matrix-addressable surface having a viscoelastic control 
layer and a re?ective surface. The basic principle behind such 
an apparatus is that, for example, addressed areas of the 
re?ective surface re?ect incident light as diffracted light, 
Whereas unaddressed areas re?ect incident light as undif 
fracted light. 
[0022] Using an appropriate spatial ?lter, the ?lter can ?lter 
out the diffracted light, leaving the undiffracted light to reach 
the substrate. In this manner, the beam becomes patterned 
according to the addressing pattern of the matrix-addressable 
surface. It Will be appreciated that, as an alternative, the 
undiffracted light can be ?ltered out of the re?ected beam, 
leaving only the diffracted light to reach the substrate. An 
array of diffractive optical micro electrical mechanical sys 
tem (MEMS) devices can also be used in a corresponding 
manner. Each diffractive optical MEMS device can include a 
plurality of re?ective ribbons that can be deformed relative to 
one another to form a grating that re?ects incident light as 
diffracted light. 
[0023] A further alternative embodiment can include a pro 
grammable mirror array employing a matrix arrangement of 
tiny mirrors, each of Which can be individually tilted about an 
axis by applying a suitable localiZed electric ?eld, or by 
employing pieZoelectric actuation means. Once again, the 
mirrors are matrix-addressable, such that addressed mirrors 
Will re?ect an incoming radiation beam in a different direc 
tion to unaddressed mirrors; in this manner, the re?ected 
beam is patterned according to the addressing pattern of the 
matrix-addressable mirrors. The required matrix addressing 
can be performed using suitable electronic means. 

[0024] In both of the situations described here above, the 
array of individually controllable elements can comprise one 
or more programmable mirror arrays. A programmable LCD 
array can also be used. It should be appreciated that Where 
pre-biasing of features, optical proximity correction features, 
phase variation techniques and multiple exposure techniques 
are used, for example, the pattern “displayed” on the array of 
individually controllable elements can differ substantially 
from the pattern eventually transferred to a layer of or on the 
substrate. Similarly, the pattern eventually generated on the 
substrate can not correspond to the pattern formed at any one 
instant on the array of individually controllable elements. 
This can be the case in an arrangement in Which the eventual 
pattern formed on each part of the substrate is built up over a 
given period of time or a given number of exposures during 
Which the pattern on the array of individually controllable 
elements and/or the relative position of the substrate changes. 
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[0025] The terms “radiation” and “beam” used herein 
encompass all types of electromagnetic radiation, including 
ultraviolet (U V) radiation (e.g., having a Wavelength of 365, 
355, 248, 193, 157 or 126 nm) and extreme 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. 
[0026] The term “projection system” used herein should be 
broadly interpreted as encompassing various types of proj ec 
tion systems, including refractive optical systems, re?ective 
optical systems, and catadioptric optical systems, as appro 
priate, for example, for the exposure radiation being used, or 
for other factors such as the use of an immersion ?uid or the 
use of a vacuum. Any use of the term “lens” herein can be 
considered as synonymous With the more general term “pro 
jection system.” 
[0027] The illumination system can also encompass vari 
ous types of optical components, including refractive, re?ec 
tive, and catadioptric optical components for directing, shap 
ing, or controlling the beam of radiation, and such 
components can also be referred to beloW, collectively or 
singularly, as a “lens.” 
[0028] The lithographic apparatus can be of a type having 
tWo (e.g., dual stage) or more substrate tables (and/or tWo or 
more mask tables). In such “multiple stage” machines the 
additional tables can be used in parallel, or preparatory steps 
can be carried out on one or more tables While one or more 

other tables are being used for exposure. 
[0029] The lithographic apparatus can also be of a type 
Wherein the substrate is immersed in a liquid having a rela 
tively high refractive index (e.g., Water), so as to ?ll a space 
betWeen the ?nal element of the projection system and the 
substrate. Immersion liquids can also be applied to other 
spaces in the lithographic apparatus, for example, betWeen 
the substrate and the ?rst element of the projection system. 
Immersion techniques are Well knoWn in the art for increasing 
the numerical aperture of proj ection systems. 
[0030] Further, the apparatus can be provided With a ?uid 
processing cell to alloW interactions betWeen a ?uid and 
irradiated parts of the substrate (e.g., to selectively attach 
chemicals to the substrate or to selectively modify the surface 
structure of the substrate). 

Exemplary Lithographic Projection Tools 

[0031] FIG. 1 schematically depicts a lithographic projec 
tion apparatus 1, according to one embodiment of the present 
invention. The apparatus comprises an illumination system 
IL, an array of individually controllable elements PPM, a 
substrate table WT, and a projection system (“lens”) PL. The 
illumination system (e.g., illuminator) IL provides a projec 
tion beam PB of radiation (e.g., UV radiation). The array of 
individually controllable elements PPM (e. g., a program 
mable mirror array) applies a pattern to the projection beam; 
in general the position of the array of individually control 
lable elements Will be ?xed relative to item PL. HoWever, it 
can instead be connected to a positioning means for accu 
rately positioning it With respect to item PL. The substrate 
table (e. g., a Wafer table) WT for supporting a substrate (e. g., 
a resist coated glass or Wafer) W, and connected to positioning 
means PW for accurately positioning the substrate With 
respect to item PL. The projection system (“lens”) PL images 
a pattern imparted to the projection beam PB by the array of 
individually controllable elements PPM onto a target portion 
C (e.g., comprising one or more dies) of the substrate W. The 
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projection system can image the array of individually con 
trollable elements onto the substrate. Alternatively, the pro 
jection system can image secondary sources for Which the 
elements of the array of individually controllable elements act 
as shutters. 

[0032] As here depicted, the apparatus is of a re?ective type 
(i.e., has a re?ective array of individually controllable ele 
ments). HoWever, in general, it can also be of a transmissive 
type, for example With a transmissive array of individually 
controllable elements. 
[0033] The illuminator IL receives a beam of radiation from 
a radiation source S0. The source and the lithographic appa 
ratus can be separate entities. In such cases, the source is not 
considered to form part of the lithographic apparatus and the 
radiation beam is passed from the source S0 to the illumina 
tor IL With the aid of a beam delivery system BD comprising 
for example suitable directing minors and/ or a beam 
expander. In other cases the source can be integral part of the 
apparatus, for example When the source is a frequency tripled 
Nd:YAG laser. The source SO and the illuminator IL, together 
With the beam delivery system BD if required, can be referred 
to as a radiation system. 

[0034] The illuminator IL can comprise adjusting means 
AM the for setting a Zoom to adjust a spot siZe of beam or for 
adjusting angular intensity distribution of the beam. Gener 
ally, at least the outer and/or inner radial extent (commonly 
referred to as a-outer and a-inner, respectively) of the inten 
sity distribution in a pupil plane of the illuminator can be 
adjusted. In addition, the illuminator IL generally comprises 
various other components, such as an integrator IN and a 
condenser CO. The illuminator provides a conditioned beam 
of radiation, referred to as the projection beam PB, having a 
desired Zoom, spot siZe, uniformity, and intensity distribution 
in its cross section. 

[0035] The beam PB subsequently intercepts the array of 
individually controllable elements PPM. Having been 
re?ected by the array of individually controllable elements 
PPM, the beam PB passes through the projection system PL, 
Which focuses the beam PB onto a target portion C of the 
substrate W. With the aid of the positioning means PW (and 
position measuring means, for example, interferometric mea 
suring means IF on base plate BP), the substrate table WT can 
be moved accurately, e.g., so as to position different target 
portions C in the path of the beam P.B. Where used, the 
positioning means for the array of individually controllable 
elements can be used to accurately correct the position of the 
array of individually controllable elements PPM With respect 
to the path of the beam PB, e.g., during a scan. 
[0036] In general, movement of the object table WT is 
realiZed With the aid of a long-stroke module (course posi 
tioning) and a short-stroke module (?ne positioning), Which 
are not explicitly depicted in FIG. 1 . A similar system can also 
be used to position the array of individually controllable 
elements. 
[0037] It Will be appreciated that the projection beam can 
alternatively/additionally be moveable, While the object table 
and/ or the array of individually controllable elements can 
have a ?xed position to provide the required relative move 
ment. 

[0038] As a further alternative, that can be especially appli 
cable in the manufacture of ?at panel displays, the position of 
the substrate table and the projection system can be ?xed and 
the substrate can be arranged to be moved relative to the 
substrate table. For example, the substrate table can be pro 
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vided With a system for scanning the substrate across it at a 
substantially constant velocity. 
[0039] Although the lithography apparatus according to the 
invention is herein described as being for exposing a resist on 
a substrate, it Will be appreciated that the invention is not 
limited to this use and the apparatus can be used to project a 
patterned projection beam for use in resistless lithography. 
[0040] The depicted apparatus can be used in at least ?ve 
modes: 
[0041] 1. Step mode: the array of individually controllable 
elements imparts an entire pattern to the projection beam, 
Which is projected onto a target portion C in one go (i.e. a 
single static exposure). The substrate table WT is then shifted 
in the X and/orY direction so that a different target portion C 
can be exposed. In step mode, the maximum siZe of the 
exposure ?eld limits the siZe of the target portion C imaged in 
a single static exposure. 
[0042] 2. Scan mode: the array of individually controllable 
elements is movable in a given direction (the so-called “scan 
direction,” e.g., the Y direction) With a speed v, so that the 
projection beam PB is caused to scan over the array of indi 
vidually controllable elements; concurrently, the substrate 
table WT is simultaneously moved in the same or opposite 
direction at a speed V:Mv, in Which M is the magni?cation 
’of the lens PL. In scan mode, the maximum siZe of the 
exposure ?eld limits the Width (in the non-scanning direction) 
of the target portion in a single dynamic exposure, Whereas 
the length of the scanning motion determines the height (in 
the scanning direction) of the target portion. 
[0043] 3. Pulse mode: the array of individually controllable 
elements is kept essentially stationary and the entire pattern is 
projected onto a target portion C of the substrate using a 
pulsed radiation source. The substrate table WT is moved 
With an essentially constant speed such that the projection 
beam PB is caused to scan a line across the substrate W. The 
pattern on the array of individually controllable elements is 
updated as required betWeen pulses of the radiation system 
and the pulses are timed such that successive target portions C 
are exposed at the required locations on the substrate. Con 
sequently, the projection beam can scan across the substrate 
W to expose the complete pattern for a strip of the substrate. 
The process is repeated until the complete substrate has been 
exposed line by line. 
[0044] 4. Continuous scan mode: essentially the same as 
pulse mode except that a substantially constant radiation 
source is used and the pattern on the array of individually 
controllable elements is updated as the projection beam scans 
across the substrate and exposes it. 

[0045] 5. Pixel Grid Imaging Mode: the pattern formed on 
a substrate is realiZed by subsequent exposure of spots formed 
by a spot generator that are directed onto an array of individu 
ally controllable elements. The exposed spots have substan 
tially the same shape. On the substrate the spots are printed in 
substantially a grid. In one example, the spot siZe is larger 
than a pitch of a printed pixel grid, but much smaller than the 
exposure spot grid. By varying intensity of the spots printed, 
a pattern is realiZed. In betWeen the exposure ?ashes the 
intensity distribution over the spots is varied. 
[0046] Combinations and/or variations on the above 
described modes of use or entirely different modes of use can 
also be employed. 
[0047] The projection system can also comprise an array of 
focusing elements, such as a microlens array (known as an 
MLA) or a Fresnel lens array. These arrays can be used to 
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form secondary sources and to image microspots onto the 
substrate. In one example, each individually controllable ele 
ment can have a corresponding lens in the MLA. In another 
example, the portion of the patterned beam from several 
individually controllable elements can be projected onto the 
substrate by a single lens in the MLA. 

[0048] Changing the location of at least one lens With 
respect to other lenses Within the MLA changes the focal 
point of a part of the projection beam PB. In various 
examples, this can be used to compensate for a change in 
thickness or a lack of smoothness of the substrate W or to 

change the image by stretching the MLA horizontally (e.g., 
perpendicular to the direction of propagation of the projection 
beam). 

Exemplary Actuator Con?gurations 

[0049] In various examples, to change the location of lenses 
in the MLA, either the Whole MLA can be deformed or 
localiZed areas Within the MLA can be deformed. To achieve 
this, actuators are positioned in or around the MLA. PieZo 
electric actuators have been found to be particularly suitable 
due to their simplicity, cost and ease of use. 

[0050] FIGS. 2, 3, 4A, 4B, 4C, and 5 shoW various arrange 
ments of actuators, according to various embodiments of the 
present invention. 

[0051] FIG. 2 shoWs four pieZoelectric actuators 11, 12, 13, 
14 positioned at comers of the MLA, according to one 
embodiment of the present invention. 

[0052] FIG. 3 shoWs four pieZoelectric actuators 11, 12, 13, 
14 positioned Within the MLA betWeen individual lenses 20. 

[0053] FIG. 4a shoWs a large number of pieZoelectric 
actuators distributed throughout the MLA, according to one 
embodiment of the present invention. It is to be appreciated 
that there is no limit on the number of pieZoelectric actuators 
15. FIG. 4a shoWs each lens having a corresponding pieZo 
electric actuator. 

[0054] FIGS. 4b and 40 show pieZoelectric actuators 15 
used to stretch the MLA horiZontally, according to various 
embodiments of the present invention. This can be used to 
change a magni?cation of the lithographic apparatus. This 
can also be used to change the magni?cation symmetrically, 
as shoWn in FIG. 4b, or asymmetrically, as shoWn in FIG. 40. 

[0055] The pieZoelectric actuators can also deform the 
MLA vertically (i.e., parallel to the direction of propagation 
of the projection beam PB). This can be done either locally 
(i.e., only one or a small number of lenses) or across the entire 
MLA. In one example, changing the vertical position of the 
lenses changes the focal point of the corresponding part of the 
projection beam so it can be used to compensate for changes 
in the thickness of the substrate W. This can be used in 
addition to the horiZontal stretching of the MLA described 
above. 

[0056] FIG. 5 shoWs an MLA mounted on a rigid frame 18 
With actuators 21, 22, 23, 24 mounted on the frame, according 
to one embodiment of the present invention. In this example, 
actuator 21, 22, 23, and 24 are not necessarily pieZoelectric 
actuators. The actuators 21, 22, 23, 24 can be used to deform 
the MLA relative to the frame 18. 

[0057] In one or more of the embodiments described above, 
adjustments to the focal point of the projection beam PB can 
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be achieved simply and cheaply relative to the conventional 
method of moving the entire substrate. 

Exemplary Implementations 
[0058] FIG. 6 shoWs an example of hoW one or more of the 
above embodiments and/ or examples of the present invention 
can be implemented, according to one embodiment of the 
present invention. A camera 30 is positioned above a substrate 
W in the direction upstream of a projection system PL in the 
direction of travel of the substrate W. The camera 30 detects 
a height of a surface of the substrate W. This data is fed into 
controller 35, Which controls actuators (not shoWn) in or 
around the MLA. When the camera 30 detects a change in 
height of the surface of the substrate W, the actuators can be 
activated to compensate for this change so the focal point of 
the projection beam PB remains on the upper surface of the 
substrate W. 
[0059] FIG. 7 shoWs an example of hoW one or more of the 
above embodiments and/ or examples of the present invention 
can be implemented, according to one embodiment of the 
present invention. In one example, this arrangement is suit 
able for use With a substantially transparent substrate W, as a 
camera 32 is arranged beneath the substrate W. This detects a 
location of a surface of the substrate W and a controller 35 
controls an actuator (not shoWn). The actuators compensate 
for the height of substrate W in real time. 
[0060] Although the microlens array has been described as 
forming a part of the projection system PL, it could equally 
Well be separate from the projection system PL. 

Conclusion 

[0061] 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 limita 
tion. 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-described exemplary 
embodiments, but should be de?ned only in accordance With 
the folloWing claims and their equivalents. 
[0062] It is to be appreciated that the Detailed Description 
section, and not the Summary and Abstract sections, is 
intended to be used to interpret the claims. The Summary and 
Abstract sections can set forth one or more but not all exem 

plary embodiments of the present invention as contemplated 
by the inventor(s), and thus, are not intended to limit the 
present invention and the appended claims in any Way. 

What is claimed is: 
1. A lithographic apparatus comprising: 
an array of individually controllable elements con?gured 

to provide a patterned radiation beam; and 
a projection system con?gured to project the patterned 

radiation beam onto a target portion of a substrate, the 
projection system comprising: 
an array of lenses arranged in a plane, such that each lens 

in the array of lenses is con?gured to transmit a dif 
ferent part of the patterned beam, and 

an actuator system con?gured to change a location of at 
least one lens With respect to other lenses such that the 
array of lenses is at least partially deformed from an 
original position such that the at least partial defor 
mation is Within the plane of the array of lenses. 
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2. The apparatus of claim 1, wherein the actuator system 
comprises a plurality of actuators. 

3. The apparatus of claim 1, Wherein the actuator system 
comprises at least one pieZoelectric actuator. 

4. The apparatus of claim 1, further comprising: 
a substrate surface location detector, 
Wherein the actuator system is con?gured to adjust the 

shape of the array of lenses based on the location of a 
detected substrate surface. 

5. The apparatus of claim 1, Wherein the array of individu 
ally controllable elements comprises an emitting portion con 
?gured to emit the patterned radiation beam. 

6. A lithographic method, comprising: 
providing a patterned radiation beam; 
projecting the patterned radiation beam onto a target por 

tion of a substrate using at least an array of lenses 
arranged in a plane, such that each lens in the array of 
lenses transmits a different part of the patterned radia 
tion beam; and 

changing a location of at least one lens With respect to other 
lenses in the array of lenses such that the array of lenses 
is at least partially deformed from an original position 
such that the at least partial deformation is Within the 
plane of the array of lenses. 

7. The method of claim 6, further comprising: 
detecting changes in the location of a substrate surface 
Which is used to adjust an overall shape of the array of 
lenses. 

8. A lithographic apparatus comprising: 
a system con?gured to direct a patterned beam onto a target 

portion of a substrate; and 
a substrate surface location detector con?gured to detect a 

con?guration of surface of the substrate and to produce 
a signal based thereon, 

Wherein the system comprises: 
lenses arranged in a plane, such that each of the lenses is 

con?gured to transmit a different portion of the pat 
terned beam, and 
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an actuator system con?gured to receive the signal and to 
change a location of at least one of the lenses With 
respect to other ones of the lenses based on the signal, 
such that the lenses are at least partially deformed from 
an original con?guration, 

Wherein the actuator system is con?gured to change the 
location of a ?rst one of the lenses relative to a second 
one of the lenses, such that the at least partial deforma 
tion is Within the plane of the lenses. 

9. The apparatus of claim 8, Wherein the actuator system 
comprises a plurality of actuators. 

10. The apparatus of claim 8, Wherein the actuator system 
comprises at least one pieZoelectric actuator. 

11. The apparatus of claim 8, Wherein the patterning device 
comprises an emitting portion con?gured to emit the pat 
terned beam. 

12. A lithographic method, comprising: 
providing a patterned radiation beam; 
projecting the patterned radiation beam onto a target por 

tion of a substrate using lenses arranged in a plane, such 
that each of the lenses transmits a different portion of the 
patterned radiation beam; and 

changing a location of a ?rst one of the lenses With respect 
to a second one of the lenses, such that the lenses are at 
least partially deformed from an original position, 

Wherein an actuator system is con?gured to change the 
location of the ?rst one of the lenses relative to the 
second one of the lenses, such that the at least partial 
deformation is Within the plane of the lenses. 

13. The method of claim 12, further comprising: 
detecting a con?guration of a surface of the substrate and 

generating a signal based thereon that is used to change 
a location of the ?rst one of the lenses With respect to the 
second one of the lenses. 

14. The method of claim 12, further comprising: 
detecting changes in the location of a surface of the sub 

strate that is used to adjust an overall shape of the array 
of lenses. 


