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A system and method are used to direct a radiation beam to 
illuminate non-perpendicularly a patterning array of indi 
vidually controllable elements used for patterning the radia 
tion beam. The individually controllable elements can 
change a telecentricity of the radiation beam. Projection of 
the radiation beam onto the individually controllable ele 
ments can be by a concave mirror or use a folding mirror 
placed in an object ?eld of the individually controllable 
elements. Alternatively, the individually controllable ele 

(NL) ments can change the optical axis of the radiation beam. 
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LITHOGRAPHIC APPARATUS AND DEVICE 
MANUFACTURING METHOD 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a lithographic 
apparatus and a device manufacturing method. 

[0003] 2. RelatedArt 

[0004] A lithographic apparatus is a machine that applies 
a desired pattern onto a target portion of a substrate. The 
lithographic apparatus can be used, for example, in the 
manufacture of integrated circuits (ICs), ?at panel displays, 
and other devices involving ?ne structures. In a conven 
tional lithographic apparatus, a patterning means, 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 means can comprise 
an array of individually controllable elements that generate 
the circuit pattern. 

[0005] 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 beam in a given direction (the “scanning” direction), 
While synchronously scanning the substrate parallel or anti 
parallel to this direction. 

[0006] In a maskless lithographic apparatus, a polarizing 
beam splitter is generally used to project the radiation beam 
onto the individually controllable elements. The radiation 
beam is projected through the beam splitter tWice and a 
quarter Wave plate is used to change the polarization of the 
radiation beam after ?rst transmission through the beam 
splitter and before the second transmission through the beam 
splitter. Use of the polarization to control the direction of the 
radiation beam means that the cross section of the radiation 
beam has a uniform polarization, and thus di?ferent polar 
izations cannot be used to create different effects during the 
exposure. Also, beam splitters are ine?icient and can be 
di?icult to thermally control. 

[0007] A non-polarizing beam splitter, With a half silvered 
mirror, can be used instead of a polarizing beam splitter to 
avoid polarization issues, but With tWo passes through such 
a device about 75% or more of the radiation is lost, sub 
stantially reducing throughput. 

[0008] Therefore, What is needed is a system and method 
including a lithographic apparatus in Which beam splitters 
are no longer necessary. 

SUMMARY 

[0009] According to one embodiment of the present inven 
tion, there is provided a lithographic apparatus comprising 
an illumination system, an array of individually controllable 
elements, and a projection system. The illumination system 
conditions a radiation beam. The array of individually 
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controllable elements patterns the radiation beam. The pro 
jection system projects the patterned radiation beam onto a 
target portion of a substrate. The radiation beam illuminates 
the array of individually controllable elements non-perpen 
dicularly. 
[0010] In one example, the individually controllable ele 
ments can change the telecentricity of the radiation beam. 
This can be done by providing a folding mirror or prism in 
the object ?eld of the individually controllable elements or 
a concave optical element to project the radiation beam onto 
the individually controllable elements. 

[0011] In another example, the individually controllable 
elements can change the optical axis of the radiation beam. 
There can further be a re?ecting device constructed to 
project the radiation beam onto the array of individually 
controllable elements. In one example, the individually 
controllable elements are arranged to change the optical axis 
of the radiation beam after re?ection by the individually 
controllable elements to be different from the optical axis of 
the radiation beam prior to re?ection by the individually 
controllable elements. In another example, the lithographic 
apparatus can comprise aspheric optical elements for pro 
jecting the radiation beam. 

[0012] According to one embodiment of the present inven 
tion, there is provided a device manufacturing method 
comprising the folloWing steps. Patterning a beam of radia 
tion using an array of individually controllable elements. 
Projecting the pattern beam onto a substrate. Illuminating 
the individually controllable elements With the beam of 
radiation non-perpendicularly. 

[0013] 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 accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

[0014] The accompanying draWings, Which are incorpo 
rated 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, and 4 depict non-telecentric illumina 
tion of individually controllable elements, according to 
various embodiments of the present invention. 

[0017] FIG. 5 depicts a layout of individually controllable 
elements in one or more of the arrangements shoWn in one 
of FIGS. 2, 3, or 4, according to one embodiment of the 
present invention. 

[0018] FIGS. 6, 7, 8, 9, 10, 11, 12, 13, 14, and 15 shoW 
additional non-telecentric illumination of individually con 
trollable elements, according to various embodiments of the 
present invention. 

[0019] FIG. 16 is an overall schematic of an illumination 
system, patterning array, projection system PL and radiation 
coupling arrangement, according to one embodiment of the 
present invention. 
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[0020] FIGS. 17 and 18 are alternative optical designs for 
a relay system, according to various embodiments of the 
present invention. 

[0021] FIG. 19 depicts patterning arrays, projection sys 
tem and radiation coupling arrangement, according to one 
embodiment of the present invention. 

[0022] FIG. 20 depicts an illumination system, patterning 
arrays, projection system and radiation coupling arrange 
ment, according to one embodiment of the present invention. 

[0023] FIG. 21 depicts an arrangement of patterning 
arrays, according to one embodiment of the present inven 
tion. 

[0024] FIG. 22 depicts an illumination system, patterning 
arrays, projection system and radiation coupling arrange 
ment, according to one embodiment of the present invention. 

[0025] FIG. 23 depicts an illumination system, patterning 
arrays, projection system and radiation coupling arrange 
ment, according to one embodiment of the present invention. 

[0026] FIG. 24 depicts an illumination system, patterning 
arrays, projection system and radiation coupling arrange 
ment, according to one embodiment of the present invention. 

[0027] 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 OF THE 
EMBODIMENTS 

OvervieW and Terminology 

[0028] Throughout the remainder of this speci?cation the 
terms “alignment mark” and “alignment marks” Will be used 
to denote one or more individual, indiscrete alignment 
marks respectively, unless otherWise stated. By “individual” 
it is meant that each alignment mark is separate and distinct 
from others of its kind (i.e., from the other alignment marks). 
By “indiscrete” it is meant that each alignment mark is not 
divided into parts (e.g., each alignment mark is a single, 
undivided entity). A variety of such marks can be used in 
embodiments of the invention, and it Will be appreciated that 
the dots, dashes, and lines referred to in this speci?cation are 
merely speci?c examples. Other forms can be used. 

[0029] 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 
applications, such as the manufacture of integrated optical 
systems, guidance 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 synonymous With the more general 
terms “substrate” or “target portion,” respectively. The sub 
strate 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 and develops the 
exposed resist) or a metrology or inspection tool. Where 
applicable, the disclosure herein can be applied to such and 
other substrate processing tools. Further, the substrate can be 
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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 multiple 
processed layers. 
[0030] 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 
substrate. The terms “light valve” and “Spatial Light Modu 
lator” (SLM) can also be used in this context. Examples of 
such patterning devices are discussed beloW. 

[0031] 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 di?fracted light, 
Whereas unaddressed areas re?ect incident light as undif 
fracted light. Using an appropriate spatial ?lter, the undif 
fracted light can be ?ltered out of the re?ected beam, leaving 
only the di?fracted light to reach the substrate. In this 
manner, the beam becomes patterned according to the 
addressing pattern of the matrix-addressable surface. 

[0032] It Will be appreciated that, as an alternative, the 
?lter can ?lter out the di?fracted light, leaving the undif 
fracted light to reach the substrate. An array of di?fractive 
optical micro electrical mechanical system (MEMS) devices 
can also be used in a corresponding manner. Each dilfractive 
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 di?fracted light. 

[0033] A further alternative embodiment can include a 
programmable 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 devices. Once 
again, the mirrors are matrix-addressable, such that 
addressed mirrors Will re?ect an incoming radiation beam in 
a different direction 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. 

[0034] In both of the situations described here above, the 
array of individually controllable elements can comprise one 
or more programmable mirror arrays. More information on 
mirror arrays as here referred to can be gleaned, for example, 
from US. Pat. Nos. 5,296,891 and 5,523,193, and PCT 
patent applications WO 98/38597 and WO 98/33096, Which 
are incorporated herein by reference in their entireties. 

[0035] A programmable LCD array can also be used. An 
example of such a construction is given in US. Pat. No. 
5,229,872, Which is incorporated herein by reference in its 
entirety. 

[0036] It should be appreciated that Where pre-biasing of 
features, optical proximity correction features, phase varia 
tion techniques and multiple exposure techniques are used. 
For example, the pattern “displayed” on the array of indi 
vidually 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 
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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 con 
trollable elements and/or the relative position of the sub 
strate changes. 

[0037] Although speci?c reference can be made in this 
text to the use of lithographic apparatus in the manufacture 
of ICs, it should be understood that the lithographic appa 
ratus described herein can have other applications, such as, 
for example, the manufacture of DNA chips, MEMS, 
MOEMS, integrated optical systems, guidance and detection 
patterns for magnetic domain memories, ?at panel displays, 
thin ?lm magnetic heads, etc. The skilled artisan Will appre 
ciate that, in the context of such alternative applications, any 
use of the terms “Wafer” or “die” herein can be considered 
as synonymous 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 (a tool that typically applies a layer of resist 
to a substrate and develops the exposed resist) or a metrol 
ogy or inspection tool. Where applicable, the disclosure 
herein can be applied to such and other substrate processing 
tools. Further, the substrate 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 multiple processed layers. 

[0038] 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 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. 

[0039] The term “projection system” used herein should 
be broadly interpreted as encompassing various types of 
projection systems, including refractive optical systems, 
re?ective optical systems, and catadioptric optical systems, 
as appropriate, 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 “projection system.” 

[0040] The illumination system can also encompass vari 
ous types of optical components, including refractive, re?ec 
tive, and catadioptric optical components for directing, 
shaping, or controlling the beam of radiation, and such 
components can also be referred to beloW, collectively or 
singularly, as a “lens.” 

[0041] 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. 

[0042] The lithographic apparatus can also be of a type 
Wherein the substrate is immersed in a liquid having a 
relatively high refractive index (e.g., Water), so as to ?ll a 
space betWeen the ?nal element of the projection system and 
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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 increas 
ing the numerical aperture of projection systems. 

[0043] 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). 

Lithographic Projection Apparatus 

[0044] FIG. 1 schematically depicts a lithographic pro 
jection apparatus 100 according to an embodiment of the 
invention. Apparatus 100 includes at least a radiation system 
102, an array of individually controllable elements 104, an 
object table 106 (e.g., a substrate table), and a projection 
system (“lens”) 108. 

[0045] Radiation system 102 can be used for supplying a 
beam 110 of radiation (e.g., UV radiation), Which in this 
particular case also comprises a radiation source 112. 

[0046] An array of individually controllable elements 104 
(e.g., a programmable mirror array) can be used for applying 
a pattern to beam 110. In general, the position of the array 
of individually controllable elements 104 can be ?xed 
relative to projection system 108. HoWever, in an alternative 
arrangement, an array of individually controllable elements 
104 can be connected to a positioning device (not shoWn) for 
accurately positioning it With respect to projection system 
108. As here depicted, individually controllable elements 
104 are of a re?ective type (e.g., have a re?ective array of 
individually controllable elements). 

[0047] Object table 106 can be provided With a substrate 
holder (not speci?cally shoWn) for holding a substrate 114 
(e.g., a resist coated silicon Wafer or glass substrate) and 
object table 106 can be connected to a positioning device 
116 for accurately positioning substrate 114 With respect to 
projection system 108. 

[0048] Projection system 108 (e.g., a quartz and/or CaF2 
lens system or a catadioptric system comprising lens ele 
ments made from such materials, or a mirror system) can be 
used for projecting the patterned beam received from a beam 
splitter 118 onto a target portion 120 (e.g., one or more dies) 
of substrate 114. Projection system 108 can project an image 
of the array of individually controllable elements 104 onto 
substrate 114. Alternatively, projection system 108 can 
project images of secondary sources for Which the elements 
of the array of individually controllable elements 104 act as 
shutters. Projection system 108 can also comprise a micro 
lens array (MLA) to form the secondary sources and to 
project microspots onto substrate 114. 

[0049] Source 112 (e.g., an excimer laser) can produce a 
beam of radiation 122. Beam 122 is fed into an illumination 
system (illuminator) 124, either directly or after having 
traversed conditioning device 126, such as a beam expander, 
for example. Illuminator 124 can comprise an adjusting 
device 128 for setting 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, illu 
minator 124 Will generally include various other compo 
nents, such as an integrator 130 and a condenser 132. In this 
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Way, beam 110 impinging on the array of individually 
controllable elements 104 has a desired uniformity and 
intensity distribution in its cross section. 

[0050] It should be noted, With regard to FIG. 1, that 
source 112 can be Within the housing of lithographic pro 
jection apparatus 100 (as is often the case When source 112 
is a mercury lamp, for example). In alternative embodi 
ments, source 112 can also be remote from lithographic 
projection apparatus 100. In this case, radiation beam 122 
Would be directed into apparatus 100 (e.g., With the aid of 
suitable directing mirrors). This latter scenario is often the 
case When source 112 is an excimer laser. It is to be 

appreciated that both of these scenarios are contemplated 
Within the scope of the present invention. 

[0051] Beam 110 subsequently intercepts the array of 
individually controllable elements 104 after being directed 
using beam splitter 118. Having been re?ected by the array 
of individually controllable elements 104, beam 110 passes 
through projection system 108, Which focuses beam 110 
onto a target portion 120 of the substrate 114. 

[0052] With the aid of positioning device 116 (and option 
ally interferometric measuring device 134 on a base plate 
136 that receives interferometric beams 138 via beam split 
ter 140), substrate table 6 can be moved accurately, so as to 
position different target portions 120 in the path of beam 
110. Where used, the positioning device for the array of 
individually controllable elements 104 can be used to accu 
rately correct the position of the array of individually 
controllable elements 104 With respect to the path of beam 
110, e.g., during a scan. In general, movement of object table 
106 is realiZed With the aid of a long-stroke module (course 
positioning) 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 104. It Will be appreciated that beam 
110 can alternatively/ additionally be moveable, While object 
table 106 and/or the array of individually controllable ele 
ments 104 can have a ?xed position to provide the required 
relative movement. 

[0053] In an alternative con?guration of the embodiment, 
substrate table 106 can be ?xed, 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 ?at uppermost surface, gas being fed through the 
openings to provide a gas cushion Which is capable of 
supporting substrate 114. This is conventionally referred to 
as an air bearing arrangement. Substrate 114 is moved over 
substrate table 106 using one or more actuators (not shoWn), 
Which are capable of accurately positioning substrate 114 
With respect to the path of beam 110. Alternatively, substrate 
114 can be moved over substrate table 106 by selectively 
starting and stopping the passage of gas through the open 
mgs. 

[0054] Although lithography apparatus 100 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 apparatus 100 can be used to 
project a patterned beam 110 for use in resistless lithogra 
Phy 
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[0055] The depicted apparatus 100 can be used in four 
modes: 

[0056] 1. Step mode: the entire pattern on the array of 
individually controllable elements 104 is projected in one go 
(i.e., a single “?ash”) onto a target portion 120. Substrate 
table 106 is then moved in the x and/or y directions to a 
different position for a different target portion 120 to be 
irradiated by patterned beam 110. 

[0057] 2. Scan mode: essentially the same as step mode, 
except that a given target portion 120 is not exposed in a 
single “?ash.” Instead, the array of individually controllable 
elements 104 is movable in a given direction (the so-called 
“scan direction”, e.g., the y direction) With a speed v, so that 
patterned beam 110 is caused to scan over the array of 
individually controllable elements 104. Concurrently, sub 
strate table 106 is simultaneously moved in the same or 
opposite direction at a speed V=Mv, in Which M is the 
magni?cation of projection system 108. In this manner, a 
relatively large target portion 120 can be exposed, Without 
having to compromise on resolution. 

[0058] 3. Pulse mode: the array of individually control 
lable 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 is caused to scan 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, patterned 
beam 110 can scan across substrate 114 to expose the 
complete pattern for a strip of substrate 114. The process is 
repeated until complete substrate 114 has been exposed line 
by line. 

[0059] 4. Continuous scan mode: essentially the same as 
pulse mode except that a substantially constant radiation 
system 102 is used and the pattern on the array of individu 
ally controllable elements 104 is updated as patterned beam 
110 scans across substrate 114 and exposes it. 

[0060] Combinations and/or variations on the above 
described modes of use or entirely different modes of use 
can also be employed. 

[0061] FIGS. 2, 3, and 4 depict non-telecentric illumina 
tion of individually controllable elements, according to 
various embodiments of the present invention. 

[0062] As shoWn in FIG. 2, a radiation beam PB is a plane 
parallel beam projected from an illuminator IL behind the 
patterning array of individually controllable elements PPM 
(i.e., the chief rays at points across the patterning array are 
parallel to each other) toWards a concave mirror 21. Concave 
mirror 21 is annular. The axis of the concave mirror is 
aligned on the optical axis of the radiation beam PB, the 
projection system PL, and the array of individually control 
lable elements PPM. The concave mirror 21 re?ects the 
radiation beam toWards the front side of the individually 
controllable elements PPM Where a pattern is applied to the 
radiation beam. 

[0063] As can be seen from FIG. 2, the radiation beam PB 
is not perpendicular to the patterning array PPM and the 
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patterning array changes the telecentricity of the radiation 
beam PB. The patterned radiation beam PB is then re?ected 
towards concave mirror 21 and is transmitted through the 
hole in this mirror into the projection system PL. 

[0064] Using this arrangement of optical elements, no 
beam splitter cube is necessary and thus a beam of any 
polarization can be used. Indeed, different parts of the 
radiation beam PB can have different polarizations and can 
be used in different Ways during the imaging part of the 
process. Any loss of light on re?ection is less than the loss 
of light due to polarization effects when a beam splitter is 
used and the mirrors used can be better controlled resulting 
in a more accurate optical system. 

[0065] Also, no lenses are necessary betWeen the concave 
mirror 21 and the patterning array PPM. Thus, this imaging 
part of the apparatus can be made smaller. 

[0066] Although in this example a single concave mirror 
21 is shoWn, the concave mirror 21 can be made up of many 
small mirrors forming a concave shape. Thus, all the mirrors 
forming the concave shape have a common radius of cur 
vature and a common optical axis. In this example, each 
individually controllable element of the patterning array 
PPM can have a corresponding mirror element. As the 
mirror elements are used only to re?ect the radiation beam 
PB prior to re?ection by the individually controllable ele 
ments, the quality of the mirror 21 or mirror element is not 
as crucial as for elements used either after re?ection by the 
individually controllable elements or both before and after 
re?ection by the individually controllable elements. 
[0067] As shoWn in FIG. 3, a divergent radiation beam PB 
is projected toWards a concave mirror 23. Concave mirror 23 
has a smaller radius of curvature than that shoWn in FIG. 2. 
The concave mirror 23 re?ects the radiation beam PB 
toWards the individually controllable elements of patterning 
array PPM. By using a concave mirror With a smaller radius 
of curvature, the size of the optical element Within the 
illuminator IL can be reduced. 

[0068] As shoWn in FIG. 4, a folding mirror 24 With a 
central hole is positioned betWeen concave mirror 21 and 
patterning array PPM and is arranged at an angle of approxi 
mately 45° to the optical axis of the concave mirror 21 and 
the array PPM. The radiation beam PB is projected from the 
illuminator IL and re?ected by the folding mirror 24 onto a 
path having the same optical axis as the concave mirror 21 
and array PPM. The radiation beam PB is re?ected by the 
concave mirror and the individually controllable elements of 
array PPM to be transmitted toWards the projection system 
PL. 

[0069] Although, in this example, the illuminator is 
arranged perpendicularly to the optical axis of the projection 
system, and the folding mirror 24 at 45° to the projection 
system PL, the position of the illuminator IL can be varied 
according to the arrangement of the apparatus and the angle 
of the folding mirror varied accordingly. 
[0070] FIG. 5 depicts a layout of individually controllable 
elements PPM in one or more of the arrangements shoWn in 
one of FIGS. 2, 3, or 4, according to one embodiment of the 
present invention. In the embodiments above, the object 
?elds 30 of the individually controllable elements of array 
PPM are arranged in an annulus as shoWn in FIG. 5. 

[0071] FIGS. 6, 7, 8, 9, 10, 11, 12, 13, 14, and 15 shoW 
additional non-telecentric illumination of individually con 
trollable elements, according to various embodiments of the 
present invention. 
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[0072] In the embodiment shoWn in FIG. 6 ?elds of 
individually controllable elements of the array PPM are 
arranged Within an annular area, as illustrated in FIG. 5, for 
example. The radiation beam PB from an illuminator IL is 
re?ected by a folding mirror or prism 41 arranged at 
approximately 45° to the optical axis of the main projection 
system PL toWards the array. Folding mirror or prism 41 is 
small enough to be in the object ?eld but not the image ?eld 
of the individually controllable elements PPM. In front of 
the patterning array PPM is an element 42 With a positive 
optical poWer (e.g., a convex lens or a lens group) through 
Which the radiation beam PB is transmitted both before and 
after re?ection by the individually controllable elements of 
array PPM. The element 42 functions to focus the radiation 
beam toWards an aperture stop 44 of projection system PL. 
The aperture stop 44, the element 42, the patterning array 
PPM and the folding mirror or prism 41 are all arranged on 
the same optical axis as the projection system PL. 

[0073] As no beam splitter is used, the polarization is a 
free variable and can be used for imaging and there is less 
loss of light. 

[0074] As shoWn in FIG. 7, an element 45 With negative 
optical poWer (e.g., a concave lens or lens group) is placed 
betWeen the folding mirror or prism 41 and the convex lens 
42. Element 45 is arranged on the same optical axis as the 
other optical elements 41, 42, 44 and is su?iciently small to 
be in the path of the radiation beam prior to re?ection by the 
individually controllable elements, but not after re?ection by 
them. Element 45 increases the divergence of the radiation 
beam PB so smaller, cheaper optical elements can be used 
Within the illuminator IL. 

[0075] In the embodiment shoWn in FIG. 8, the individu 
ally controllable elements PPM form an annular shape and 
the radiation beam PB is projected from the illuminator IL 
through the hole at the center of the PPM annulus toWards 
a mirror 46. Mirror 46 can have convex or concave shape. 

In this embodiment, a convex mirror is shoWn. After re?ec 
tion by mirror 46 the radiation beam diverges and is trans 
mitted through element 42 Which has a positive optical 
poWer (e.g., a convex lens or lens group) onto individually 
controllable elements PPM. Mirror 46 shares the same 
optical axis as the illuminator IL, element 42 and the 
projection system PL. Mirror 46 is su?iciently small to 
re?ect the radiation beam PB only before re?ection by 
individually controllable elements and not after re?ection. 

[0076] In this embodiment, the illuminator IL can occupy 
space behind the PPM patterning array leading to a more 
compact device. 

[0077] In the embodiment shoWn in FIG. 9, element 42' is 
annular. Radiation beam PB is projected through the hole at 
the center of annular element 42' toWards mirror 46. This 
results in better transmission of the radiation beam PB prior 
to re?ection by the individually controllable elements of 
array PPM. 

[0078] As can be seen in the embodiment of FIG. 10, the 
individually controllable elements PPM in this embodiment 
change the optical axis of the radiation beam PB. After 
re?ection by the individually controllable elements the 
radiation beam PB is projected toWards the projection sys 
tem PL. Each individually controllable element or group of 
elements of array PPM has a corresponding mirror 50 used 
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to re?ect the radiation beam PB. In one example, to prevent 
loss of light only the mirrors 50 are illuminated and not the 
spaces betWeen the mirrors. The individually controllable 
elements re?ecting the radiation beam PB toWards the 
projection system PL are arranged at a small angle of 
approximately 0.1 rad to the optical axis of the projection 
system PL. After re?ection by the individually controllable 
elements PPM the radiation beam PB is projected through 
the spaces betWeen the mirrors 50. In one example, the 
image ?eld of each individually controllable element or 
group is projected through the space adjacent to the mirror 
by Which the object ?eld of the same individually control 
lable element has been re?ected. As no beam splitter is used 
in this embodiment, the polariZation is again a free variable 
and can be used advantageously for imaging. 

[0079] As can be seen in the embodiment FIG. 11, the 
incoming radiation beam PB from illumination system EL is 
projected onto the array PPM of individually controllable 
elements through lens 63, Which can be a single lens element 
or made up of a group of lenses. Convex lens 63 is arranged 
close to the individually controllable elements such that the 
radiation beam PB is transmitted through convex lens 63 
both prior to and after re?ection by the individually con 
trollable elements. The individually controllable elements 
are arranged to change the optical axis of the radiation beam. 
The radiation beam PB is then projected through convex 
lens 63 for a second time. Mirror 64 is arranged at 45° to the 
radiation beam to conveniently direct the beam into the 
projection system. As the entrance and exit pupils of this 
system are physically separate, the precise locations can be 
varied according to the requirements of the particular appa 
ratus. 

[0080] As shoWn in FIG. 12, the patterning array PPM is 
illuminated at an oblique angle. After re?ection by the 
individually controllable elements the radiation beam PB is 
transmitted toWards convex aspheric re?ecting optical ele 
ment 71, Which re?ects radiation beam PB toWards annular 
aspheric re?ecting optical elements 72. The radiation beam 
PB is then projected toWards projection system PL. Optical 
elements 71 and 72 form a SchWarZschild 2-mirror design 
but other telescopic designs such a Ritchey-Chretien design 
could be used. By using such olf-axis telescopic design the 
optical path di?ferences introduced by the o?f-axis illumina 
tion of the individually controllable elements PPM can be 
minimized. 

[0081] In at least this embodiment, the use of mirrors 
instead of a beam splitter cube yields the advantage that 
there is no light loss due to the polarization elfects. Further 
more the mirrors used instead can be better controlled 
resulting in a more accurate optical system. In this embodi 
ment the mirror system can also have a magni?cation, 
reducing the need for further subsequent magni?cation. 

[0082] In the embodiment shoWn in FIG. 13, the illumi 
nation system IL directs a beam of radiation PB onto a ?rst 
mirror 81, Which can be embodied as tWo or more part 
mirrors or one larger mirror. First mirror 81 directs the 
radiation onto a second mirror 82, Which is positioned 
betWeen the tWo parts of a divided patterning array PPM. 
The second mirror 82 directs the radiation beam PB' onto 
third mirror 83 Which is set in front of the patterning array, 
Which directs the radiation onto the individually controllable 
elements. Third mirror 83 has an aperture to alloW the 
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patterned beam to pass into the projection lens. It Will be 
appreciated that While the second mirror 82 is shoWn as 
convex, it can also be plane or concave. 

[0083] In the embodiment shoWn in FIG. 14, the ?rst and 
second mirrors of FIG. 13 are omitted and the output of the 
illumination system IL is arranged betWeen the parts of the 
patterning array PPM. The illumination system outputs tWo 
sub-beams Which are directed onto a concave mirror 91 set 
in front of the patterning array PPM. Concave mirror 91 
directs the radiation back onto the patterning array and has 
an aperture to alloW the patterned beam to pass into the 
projection system. 

[0084] In the embodiment shoWn in FIG. 15, the illumi 
nator is set to one side and directs radiation onto a folding 
mirror 92 Which directs radiation onto the patterning array 
PPM. The folding mirror 92 has a plurality of apertures 
corresponding to the plurality of individually controllable 
elements in the patterning array to alloW the beamlets 
re?ected by the elements to pass into the projection system 
PL. In this embodiment, the array of individually control 
lable elements is quite sparse. 

[0085] FIG. 16 is an overall schematic of the illumination 
system IL, patterning array PPM, projection system PL and 
radiation coupling arrangement (1601, 1602, and 1603), 
While FIGS. 17 and 18 are alternative optical designs for a 
relay system (1601, 1602, and 1603) that relays of radiation 
from a mask plane MP in the illuminator IL to the plane of 
the patterning array PPM. It should be noted that FIGS. 17 
and 18 are “unfolded,” omitting the apertured folding mirror 
102 shoWn in FIG. 16. 

[0086] In FIG. 16, the illumination system IL comprises a 
telecentric part Which receives light from radiation source 
LA via beam delivery optics BD. The telecentric part 
comprises a ?rst di?fractive optical element PDE Which 
de?nes the pupil. The telecentric part also includes Zoom 
able condenser optics Cl, second di?fractive optical element 
FDE, Which is ?lled by the ?rst di?fractive optical element 
and de?nes the ?eld, and ?xed condenser optics C2, Which 
provides uniform illumination of the mask plane MP. The 
relay system, comprising ?rst relay lens group 1601, second 
relay lens group 1602 and apertured folding mirror 1603 is 
non-telecentric and projects an image of the mask plane onto 
the patterning array. 

[0087] In FIG. 17, a relay system RS includes optical 
elements 1701, 1702, 1703, 1704, 1705, and 1706, While in 
FIG. 18 a relay system RS includes optical element 1801, 
1802, 1803, 1804, 1805, and 1806. In one example, the 
optical elements are either concave, convex, or other types 
of lenses, as shoWn. It is to be appreciated other types and 
con?gurations of lenses are also contemplated. 

[0088] FIG. 19 depicts patterning arrays, a projection 
system and a radiation coupling arrangement, according to 
one embodiment of the present invention. 

[0089] FIG. 19 shoWs hoW relay mirrors set at different 
angles to a plane can be used to couple beamlets from a 
sparse arrangement of patterning arrays into the projection 
system. The various patterning arrays PPM1-PPM3 are 
spaced apart in locations that are convenient for the periph 
eral electronics and mechanics, e.g. drive circuitry and 
positioning systems, of each array. Mirrors 1911-1913 are 






