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(57) ABSTRACT 
A lithographic apparatus according to one embodiment 
includes an alignment System for aligning a Substrate. The 
alignment System comprises an illuminator System config 
ured to illuminate an alignment mark on the Substrate with 
an illumination Spot, the alignment mark comprising a 
plurality of lines and Spaces. The System also includes a 
combiner System configured to transfer two-images of the 
illuminated alignment mark without Spatial filtering of the 
images, rotate the images 180 relatively to each other, and 
combine the two images, and a detection System configured 
to detect an alignment Signal from the combined images and 
to determine a unique alignment position by Selecting a 
Specific one of extreme values in the detected alignment 
Signal. 
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Fig 2 

26 
1O 

N Image rotation 

Signal 
analyser 

15 

12 13, 16 position 
SeSOf 

Illumination 

    

      



Patent Application Publication Mar. 23, 2006 Sheet 3 of 8 US 2006/0061743 A1 

Fig 3 
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Fig 7 
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LITHOGRAPHIC APPARATUS, ALIGNMENT 
SYSTEM, AND DEVICE MANUFACTURING 

METHOD 

FIELD OF THE INVENTION 

0001. The present invention relates to a lithographic 
apparatus, an alignment System, e.g. for use in a lithographic 
apparatus, and a method for manufacturing a device. 

BACKGROUND 

0002. A lithographic apparatus is a machine that applies 
a desired pattern onto a Substrate, usually onto a target 
portion of the Substrate. A lithographic apparatus can be 
used, for example, in the manufacture of integrated circuits 
(ICs). In that instance, a patterning device, which is alter 
natively referred to as a mask or a reticle, may be used to 
generate a circuit pattern to be formed on an individual layer 
of the IC. This pattern can be transferred onto a target 
portion (e.g. comprising part of, one, or several dies) on a 
Substrate (e.g. a silicon wafer). Transfer of the pattern is 
typically via imaging onto a layer of radiation-Sensitive 
material (resist) provided on the Substrate. In general, a 
Single Substrate will contain a network of adjacent target 
portions that are Successively patterned. Known lithographic 
apparatus include So-called Steppers, in which each target 
portion is irradiated by exposing an entire pattern onto the 
target portion at one time, and So-called Scanners, in which 
each target portion is irradiated by Scanning the pattern 
through a radiation beam in a given direction (the "scan 
ning”-direction) while synchronously scanning the substrate 
parallel or antiparallel to this direction. It is also possible to 
transfer the pattern from the patterning device to the Sub 
Strate by imprinting the pattern onto the Substrate. 
0003. An important step in a typical lithographic process 
is aligning the Substrate to the lithographic apparatus So that 
the image of the mask pattern is projected at the correct 
position on the Substrate. Semiconductor, and other, devices 
manufactured by lithographic techniques may require mul 
tiple exposures to form multiple layers in the device, and it 
is may be essential that these layers line up correctly. AS ever 
Smaller features are imaged, overlay requirements, and 
hence the accuracy required of the alignment process, 
become Stricter. 

0004. In one known alignment system, described in EP 
A-0,906,590 which document is hereby incorporated by 
reference, marks on the Substrate comprise two pairs of 
reference gratings, one X and one Y, with the two gratings 
of the pair having slightly different periods. The gratings are 
illuminated with spatially coherent light and the diffracted 
light is collected and imaged on a detector array, the different 
diffraction orders having been Separated So that correspond 
ing positive and negative orders interfere. Each detector in 
the array comprises a reference grating and a photo detector. 
AS the Substrate is Scanned, the output of the detector varies 
Sinusoidally. When the Signals from both gratings of a pair 
peak Simultaneously, the mark is aligned. This type of 
System provides a large dynamic range and by using high 
diffraction orders, is relatively insensitive to mark asymme 
try. However, the need to provide two gratings with different 
periods increases the amount of Space required for the 
alignment marks on the Substrate. It is desirable to minimize 
the amount of Such “Silicon real estate' devoted to alignment 
marks and therefore not available for production of devices, 
or for other purposes. 
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0005 Another known alignment system, described in 
EP-A-1,148,390 which document is hereby incorporated by 
reference, uses a compact Self-referencing interferometer to 
generate two overlapping images rotated over +90° and -90 
which are then made to interfere in a pupil plane. An optical 
System and (optional) spatial filter Selects and separates the 
first order beams and re-images them on a detector. The 
system described in EP-A-1,148,390 utilizes a special tech 
nique, also described as Self-referencing on center of Sym 
metry of an alignment mark. Also, this alignment System 
only uses the envelope of the detected Signal to determine 
the correct alignment position. 

SUMMARY 

0006 Alithographic apparatus according to one embodi 
ment comprises an illumination System configured to con 
dition a radiation beam; a Support constructed to Support a 
patterning device, the patterning device being capable of 
imparting the radiation beam with a pattern in its croSS 
Section to form a patterned radiation beam; a Substrate table 
constructed to hold a Substrate; a projection System config 
ured to project the patterned radiation beam onto a target 
portion of the Substrate; and an alignment System configured 
to illuminate an alignment mark on the Substrate with an 
illumination Spot, the alignment mark comprising a plurality 
of lines and Spaces. The alignment System comprises a 
combiner System configured to transfer two images of the 
illuminated alignment mark without Spatial filtering of the 
images, rotate the images 180° relatively to each other, and 
combine the two images, and a detection System configured 
to detect an alignment Signal from the combined images and 
to determine a unique alignment position by Selecting one of 
a plurality of extreme values in the detected alignment 
Signal. 

0007 According to another embodiment, an alignment 
System for aligning a Substrate comprises a spot Source 
configured to illuminate an alignment mark on the Substrate 
with an illumination Spot; a combiner System configured to 
transfer two images of the illuminated alignment mark 
without Spatial filtering of the images, rotate the images 180 
relatively to each other, and combine the two images, and a 
detection System configured to detect an alignment Signal 
from the combined images and to determine a unique 
alignment position by Selecting one of a plurality of extreme 
values in the detected alignment Signal. 
0008. A device manufacturing method according to a 
further embodiment comprises projecting a patterned beam 
of radiation onto a Substrate, illuminating an alignment mark 
in a Scribe lane on the Substrate with an illumination Spot, the 
alignment mark comprising a plurality of lines and Spaces, 
transferring the images of the illuminated alignment mark 
without Spatial filtering of the images, combining two 
images of the alignment mark that are rotated by 180 
relative to each other, detecting an alignment Signal from the 
combined images, and determining a unique alignment 
position by Selecting an extreme value in the detected 
alignment Signal. 

0009. A method of aligning a substrate according to a 
further embodiment comprises illuminating an alignment 
mark on the Substrate with a spot, Said alignment mark 
including an alternating plurality of lines and Spaces, rotat 
ing at least one of two images of the illuminated mark with 
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respect to the other Such that a rotation of one of the images 
with respect to the other is Substantially equal to one 
hundred-eighty degrees to produce a combined image, Said 
combined image being based on Said two imageS Subsequent 
to Said rotating, detecting an alignment Signal based on the 
combined image, Said alignment Signal including a plurality 
of locally extreme values having Substantially equal ampli 
tudes, and Selecting one of a plurality of locally extreme 
values in the detected alignment Signal. 
0010. An alignment system according to a further 
embodiment comprises a spot Source configured to illumi 
nate an alignment mark on a Substrate with an illumination 
Spot; a plurality of optical elements configured to rotate at 
least one of two images of the illuminated mark with respect 
to the other Such that a rotation of one of the images with 
respect to the other is Substantially equal to one-hundred 
eighty degrees to produce a combined image, Said combined 
image being based on Said two imageS Subsequent to Said 
rotating, a detector configured to detect an alignment Signal 
from the combined image, Said detected alignment Signal 
including a plurality of locally extreme values having Sub 
Stantially equal amplitudes, and a Signal analyzer configured 
to determine a unique alignment position by Selecting one of 
a plurality of locally extreme values in the detected align 
ment Signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.011 Embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying Schematic drawings in which corresponding 
reference Symbols indicate corresponding parts, and in 
which: 

0012 FIG. 1 depicts a lithographic apparatus according 
to an embodiment of the invention; 
0013 FIG. 2 shows a schematic view of an alignment 
system of the lithographic apparatus of FIG. 1; 
0.014 FIG. 3 shows a schematic view of an alignment 
mark according to an embodiment of the present invention; 
0.015 FIG. 4 shows a graph of a detected intensity signal 
Versus position of the alignment System associated with the 
alignment mark shown in FIG. 3; 
0016 FIG. 5 shows a schematic view of an alignment 
mark according to a Second embodiment of the present 
invention; 
0017 FIG. 6 shows a graph of a detected intensity signal 
Versus position of the alignment System associated with the 
alignment mark shown in FIG. 5; 
0.018 FIG. 7 shows a schematic view of an alignment 
mark according to a third embodiment of the present inven 
tion; 
0.019 FIG. 8 shows a graph of a detected intensity signal 
Versus position of the alignment System associated with the 
alignment mark shown in FIG. 7; 
0020 FIG. 9 shows a schematic view of an alignment 
mark according to a fourth embodiment of the present 
invention; 
0021 FIG. 10 shows a graph of a detected intensity 
Signal versus position of the alignment System associated 
with the alignment mark shown in FIG. 9; 
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0022 FIG. 11 shows a schematic view of an alignment 
mark according to a fifth embodiment of the present inven 
tion; 
0023 FIG. 12 shows a schematic view of the alignment 
mark of FIG. 11 as perceived by the alignment system; 
0024 FIG. 13 shows a graph of a detected intensity 
Signal versus position of the alignment System associated 
with the alignment mark shown in FIG. 11. 

DETAILED DESCRIPTION 

0025. At least some embodiments of the invention may 
be applied to provide a lithographic apparatus which com 
prises an alignment System that delivers an accurate and 
unambiguous alignment position. 
0026. In at least one application of a lithographic appa 
ratus and alignment System according to an embodiment of 
the invention, no Separate Sensor nor marks are needed 
Solely for capturing. 
0027 FIG. 1 schematically depicts a lithographic appa 
ratus according to one embodiment of the invention. The 
apparatus comprises: 

0028 an illumination system (illuminator) IL configured 
to condition a radiation beam B (e.g. UV radiation or 
radiation). 
0029 a support structure (e.g. a mask table) MT con 
structed to support a patterning device (e.g. a mask) MA and 
connected to a first positioner PM configured to accurately 
position the patterning device in accordance with certain 
parameters, 

0030 a substrate table (e.g. a wafer table) WT con 
Structed to hold a Substrate (e.g. a resist coated wafer) W and 
connected to a Second positioner PW configured to accu 
rately position the Substrate in accordance with certain 
parameters, and 
0031 a projection System (e.g. a refractive projection 
lens System) PS configured to project a pattern imparted to 
the radiation beam B by patterning device MA onto a target 
portion C (e.g. comprising one or more dies) of the Substrate 
W. 

0032. The illumination system may include various types 
of optical components, Such as refractive, reflective, mag 
netic, electromagnetic, electroStatic or other types of optical 
components, or any combination thereof, for directing, 
Shaping, or controlling radiation. 
0033. The Support structure supports, i.e. bears the 
weight of, the patterning device. It holds the patterning 
device in a manner that depends on the orientation of the 
patterning device, the design of the lithographic apparatus, 
and other conditions, Such as for example whether or not the 
patterning device is held in a vacuum environment. The 
Support Structure can use mechanical, Vacuum, electroStatic 
or other clamping techniques to hold the patterning device. 
The Support Structure may be a frame or a table, for example, 
which may be fixed or movable as required. The Support 
Structure may ensure that the patterning device is at a desired 
position, for example with respect to the projection System. 
Any use of the terms “reticle' or “mask' herein may be 
considered Synonymous with the more general term "pat 
terning device.” 
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0034. The term “patterning device' used herein should be 
broadly interpreted as referring to any device that can be 
used to impart a radiation beam with a pattern in its 
croSS-Section Such as to create a pattern in a target portion of 
the Substrate. It should be noted that the pattern imparted to 
the radiation beam may not exactly correspond to the desired 
pattern in the target portion of the Substrate, for example if 
the pattern includes phase-shifting features or So called 
assist features. Generally, the pattern imparted to the radia 
tion beam will correspond to a particular functional layer in 
a device being created in the target portion, Such as an 
integrated circuit. 

0035. The patterning device may be transmissive or 
reflective. Examples of patterning devices include masks, 
programmable mirror arrays, and programmable LCD pan 
els. Masks are well known in lithography, and include mask 
types Such as binary, alternating phase-shift, and attenuated 
phase-shift, as well as various hybrid mask types. An 
example of a programmable mirror array employs a matrix 
arrangement of Small mirrors, each of which can be indi 
vidually tilted So as to reflect an incoming radiation beam in 
different directions. The tilted mirrors impart a pattern in a 
radiation beam which is reflected by the mirror matrix. 
0.036 The term “projection system' used herein should 
be broadly interpreted as encompassing any type of projec 
tion System, including refractive, reflective, catadioptric, 
magnetic, electromagnetic and electroStatic optical Systems, 
or any combination thereof, as appropriate for the exposure 
radiation being used, or for other factorS Such as the use of 
an immersion liquid or the use of a vacuum. Any use of the 
term “projection lens' herein may be considered as Synony 
mous with the more general term “projection System'. 

0037 As here depicted, the apparatus is of a transmissive 
type (e.g. employing a transmissive mask). Alternatively, the 
apparatus may be of a reflective type (e.g. employing a 
programmable mirror array of a type as referred to above, or 
employing a reflective mask). 
0.038. The lithographic apparatus may be of a type having 
two (dual stage) or more Substrate tables (and/or two or more 
mask tables). In Such “multiple stage' machines the addi 
tional tables may be used in parallel, or preparatory Steps 
may be carried out on one or more tables while one or more 
other tables are being used for exposure. 
0.039 The lithographic apparatus may also be of a type 
wherein at least a portion of the Substrate may be covered by 
a liquid having a relatively high refractive index, e.g. water, 
So as to fill a Space between the projection System and the 
Substrate. An immersion liquid may also be applied to other 
Spaces in the lithographic apparatus, for example, between 
the mask and the projection System. Immersion techniques 
are well known in the art for increasing the numerical 
aperture of projection Systems. The term "immersion' as 
used herein does not mean that a structure, Such as a 
Substrate, must be Submerged in liquid, but rather only 
means that liquid is located between the projection System 
and the Substrate during exposure. 

0040. Referring to FIG. 1, the illuminator IL receives a 
radiation beam from a radiation Source SO. The Source and 
the lithographic apparatus may be separate entities, for 
example when the Source is an excimer laser. In Such cases, 
the Source is not considered to form part of the lithographic 
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apparatus and the radiation beam is passed from the Source 
SO to the illuminator IL with the aid of a beam delivery 
System BD comprising, for example, Suitable directing mir 
rors and/or a beam expander. In other cases the Source may 
be an integral part of the lithographic apparatus, for example 
when the Source is a mercury lamp. The Source SO and the 
illuminator IL, together with the beam delivery system BD 
if required, may be referred to as a radiation System. 
0041. The illuminator IL may comprise an adjuster AD 
for adjusting the angular intensity distribution of the radia 
tion beam. Generally, at least the outer and/or inner radial 
extent (commonly referred to as O-Outer and O-inner, respec 
tively) of the intensity distribution in a pupil plane of the 
illuminator can be adjusted. In addition, the illuminator IL 
may comprise various other components, Such as an inte 
grator IN and a condenser CO. The illuminator may be used 
to condition the radiation beam, to have a desired uniformity 
and intensity distribution in its cross-section. 
0042. The radiation beam B is incident on the patterning 
device (e.g., mask MA), which is held on the Support 
Structure (e.g., mask table MT), and is patterned by the 
patterning device. Having traversed the mask MA, the 
radiation beam B passes through the projection System PS, 
which focuses the beam onto a target portion C of the 
substrate W. With the aid of the second positioner PW and 
position sensor IF (e.g. an interferometric device, linear 
encoder or capacitive sensor), the substrate table WT can be 
moved accurately, e.g. So as to position different target 
portions C in the path of the radiation beam B. Similarly, the 
first positioner PM and another position sensor (which is not 
explicitly depicted in FIG. 1) can be used to accurately 
position the mask MA with respect to the path of the 
radiation beam B, e.g. after mechanical retrieval from a 
mask library, or during a Scan. In general, movement of the 
mask table MT may be realized with the aid of a long-stroke 
module (coarse positioning) and a short-stroke module (fine 
positioning), which form part of the first positioner PM. 
Similarly, movement of the substrate table WT may be 
realized using a long-Stroke module and a short-Stroke 
module, which form part of the second positioner PW. In the 
case of a stepper (as opposed to a Scanner) the mask table 
MT may be connected to a short-stroke actuator only, or may 
be fixed. Mask MA and substrate W may be aligned using 
mask alignment markS M1, M2 and Substrate alignment 
markS P1, P2. Although the Substrate alignment marks as 
illustrated occupy dedicated target portions, they may be 
located in Spaces between target portions (these are known 
as scribe-lane alignment marks). Similarly, in situations in 
which more than one die is provided on the mask MA, the 
mask alignment marks may be located between the dies. 
0043. The depicted apparatus could be used in at least 
one of the following modes: 
0044) 1. In step mode, the mask table MT and the 
substrate table WT are kept essentially stationary, while an 
entire pattern imparted to the radiation beam is projected 
onto a target portion C at one time (i.e. a single static 
exposure). The substrate table WT is then shifted in the X 
and/or Y direction so that a different target portion C can be 
exposed. In Step mode, the maximum size of the exposure 
field limits the Size of the target portion C imaged in a Single 
Static exposure. 
0045 2. In scan mode, the mask table MT and the 
substrate table WT are scanned synchronously while a 
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pattern imparted to the radiation beam is projected onto a 
target portion C (i.e. a single dynamic exposure). The 
velocity and direction of the Substrate table WT relative to 
the mask table MT may be determined by the (de-)magni 
fication and image reversal characteristics of the projection 
System PS. In Scan mode, the maximum size of the exposure 
field 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. 
0.046 3. In another mode, the mask table MT is kept 
essentially Stationary holding a programmable patterning 
device, and the Substrate table WT is moved or Scanned 
while a pattern imparted to the radiation beam is projected 
onto a target portion C. In this mode, generally a pulsed 
radiation Source is employed and the programmable pattern 
ing device is updated as required after each movement of the 
substrate table WT or in between successive radiation pulses 
during a Scan. This mode of operation can be readily applied 
to maskless lithography that utilizes programmable pattern 
ing device, Such as a programmable mirror array of a type 
as referred to above. 

0047 Combinations and/or variations on the above 
described modes of use or entirely different modes of use 
may also be employed. 
0.048. In applications including alignment of a wafer in a 
lithographic apparatus, an alignment mark according to an 
embodiment of the present invention can be used for both 
coarse and fine wafer alignment. Such a use may result in 
less space on the wafer (real estate) being required for 
alignment purposes because one doesn’t need Separate 
marks for both phases. The fine wafer alignment will lead to 
a correct determination of alignment position without any 
ambiguity which is present in certain State of the art align 
ment Systems. No additional gratings with a different peri 
odicity, used especially for capturing, may be needed, result 
ing in leSS required real estate. Throughput costs of 
operational use (i.e. time spent for alignment of wafers) are 
not negatively influenced, as no additional capture gratings 
or marks have to be Scanned. Also, the need for a separate 
capture Sensor in a lithographic apparatus is eliminated. 
0049. The present apparatus and method can be advan 
tageously applied when the alignment System is an align 
ment System not using Spatial filtering. As a result of not 
using Spatial filtering techniques in the alignment, Sharp 
images are possible from the alignment mark for further 
processing. An example of Such an alignment System not 
using Spatial filtering is described in patent application 
EP-A-1,148,390, which description is incorporated herein 
by reference. The alignment System comprises an alignment 
Sensor that is Self referencing to the center of Symmetry of 
any mark having 180 of symmetry. The image of the 
alignment mark is divided into two images, which are then 
rotated 180 with respect to each other, and are then coher 
ently recombined with an interferometer. With proper phas 
ing of the interferometer paths, the recombined image will 
interfere constructively or destructively in amplitude. A 
prism may be used to form the two images, rotate the two 
images with respect to each other, and interferometrically 
recombine the two images. 
0050. In FIG.2, a simplified schematic diagram is shown 
of an alignment System 10 as used in the lithographic 
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apparatus according to one embodiment of the present 
invention. Alignment System 10 comprises an illumination 
Source 12, Such as a laser, providing electromagnetic radia 
tion 13, to a beam Splitter 14. A portion of the electromag 
netic radiation is reflected off coating 16 to illuminate an 
alignment mark or target 18. The alignment mark 18 is 
placed on or within a photosensitive substrate or wafer 20. 
The photosensitive substrate 20 is placed on a stage 22. The 
Stage 22 may be Scanned in the direction indicated by arrow 
24. Electromagnetic radiation diffracted from the alignment 
mark 18 passes through the beam splitter 14 and is collected 
by the image rotation device 26. It should be appreciated that 
a good quality image need not be formed, but that the 
features of the alignment mark 18 should be resolved. The 
image rotation device 26 may be any appropriate Set of 
optical elements, and is preferably a combination of prisms, 
that forms two images of the alignment mark 18, rotates one 
of the images with respect to the other one hundred and 
eighty degrees, and then recombines the two imageS. The 
optical ray passing through the center of rotation established 
by the image rotation device 26, defines the Sensor align 
ment axis 27. Detector 28 receives the electromagnetic 
radiation from the image rotation device 26. The detector 28 
then provides signals to the Signal analyzer 30. The Signal 
analyzer 30 is coupled to the Stage 22 Such that the position 
of the Stage is known (e.g. using a position Sensor 15) when 
the center of alignment mark 18 is determined. Therefore, 
the position of the alignment mark 18 is very accurately 
known with reference to the Stage 22. Accordingly, the 
location of the center of the alignment target 18 is known 
Substantially exactly relative to a reference position. Addi 
tionally, the center of the mark may be very accurately 
determined even with a relatively poor image. 
0051. It is noted that the embodiment depicted uses a 
beam splitter 14 to direct the illuminating beam towards the 
alignment mark 18, and to direct the image from the mark 
18 towards the image rotation device 26. It will be apparent 
to the skilled person, that other (optical) arrangements may 
be used to obtain the Same result of illuminating the align 
ment mark 18 on the wafer 20 and detecting an image of the 
alignment mark 18. 
0052 An optical arrangement as shown in FIG. 2 is 
described in more detail with reference to a number of 
embodiments in the European patent application EP-A-1, 
148,390, which description is incorporated herein by refer 
ence. This document describes embodiments of an align 
ment System with a coherent illumination Source, 
interferometric combination of an image pair, and a detec 
tion System with detection based on interferometric proper 
ties. 

0053. The detection system or detector 28 may be based 
on intensity measurement of the combined image, e.g. a 
detector on which the combined image is projected. The 
combination of the rotated images can be regarded as a 
convolution measurement method, as the images of the 
illuminated alignment mark 18 are overlaid on each other 
when the alignment mark 18 moves with respect to the 
illumination spot 7 (see below). In conventional alignment 
Systems, reference gratings are used on which a periodic 
alignment mark is imaged, after which only certain grating 
orders are used for detection. As no pupil filtering (or spatial 
filtering) is present in an alignment System 10 according to 
at least Some embodiments of the present invention, all 
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image information can be used. This has as a further 
advantage that a capturing method according to at least Some 
embodiments of the present invention does not need any 
intermediate Steps: both fine wafer alignment and coarse 
wafer alignment (when necessary) use the same kind of 
illumination and detection. No intermediate Steps like order 
filtering when using gratings as alignment mark are neces 
Sary. 

0.054 The dimension of the illumination spot 7 is smaller 
than the length of the alignment mark 18 in a Scribe lane 
direction in an embodiment of the present invention. This 
will provide Sufficient Signal data characteristics for an 
accurate and unambiguous alignment. However, it is also 
possible that the illumination spot 7 is larger than the length 
of the alignment mark 18 in the scribe lane direction. 
0.055 A number of different alignment mark types may 
be used with the present alignment System 10, and a number 
of different types are described below. 
0056. In a particular embodiment the alignment mark 18 
comprises N pairs of lines and Spaces with a predetermined 
periodicity p, the illuminating spot 7 having a dimension in 
the Scribe lane direction equivalent to M pairs of lines and 
Spaces, resulting in a detected Signal having a predetermined 
number of global extremes (e.g. (2N-1)-2(M-1)) with 
Substantially equal value, and the Specific one of extreme 
values is one of the global extremes. This embodiment 
allows to use edge detection, but with a mesa type Signal 
envelope. All of the alignment mark 18 is used for (fine) 
alignment. As an example, the middle global minimum can 
be selected. 

0057. In a further set of embodiments, the alignment 
mark 18 comprises a combination of a first set of N pairs of 
lines and Spaces with a predetermined periodicity, and a 
Second set of N. pairs of lines and Spaces with the prede 
termined periodicity, the first and Second Set being Separated 
by a Space having a predetermined distance. The Space is e.g. 
equal to an integer multiple of the periodicity pitch. Such a 
Space may be used to provide an additional feature in the 
alignment mark 18, resulting in a distinct characteristic in 
the detected alignment Signal, which can further aid in 
determining an unambiguous alignment position. 
0.058 E.g., in a specific embodiment wherein N-N, the 
illuminating spot 7 has a dimension in the Scribe lane 
direction equivalent to M pairs of lines and Spaces, resulting 
in a detected Signal having a predetermined number of 
global extremes with Substantially equal value, and the 
Second set of N pairs causes a specific additional signal 
Segment, in which the alignment System is further arranged 
to first Select the largest extreme value in the additional 
Signal Segment, and then Select the Specific one of extreme 
values using the first Selected top as a reference. This 
additional Segment is easy to detect from the associated 
additional characteristic in detected Signal, thus providing a 
more robust alignment System. 
0059. In another embodiment wherein N=N1, the illu 
minating Spot 7 has a dimension in the Scribe lane direction 
equivalent to M pairs of lines and SpaceS, M being Smaller 
than (N+N), resulting in a detected signal having two 
Segments of global extremes and a local Segment between 
the two Segments, and the alignment System is further 
arranged to Select a local eXtreme in the local Segment as the 
Specific one of extreme values. 
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0060. In a further embodiment of the alignment mark 18, 
Sub Segmentation of a periodic grating is used, which may 
result in a very Specific pattern in the detected Signal. The 
alignment mark 18 comprises n groups of m pairs of lines 
and Spaces with a predetermined periodicity, resulting in an 
alignment Signal having 2n-1 characteristic Signal Seg 
ments, and the Specific one of extreme values is one of the 
global extremes. The characteristic signal Segments may e.g. 
comprise a diamond shape of falling minima followed by 
rising minima. The illumination Spot 7 has a dimension in 
the Scribe lane direction corresponding to kgroups, k being 
an integer, resulting in a very predictable expected shape of 
the detected alignment Signal. 
0061. In a further embodiment of the present invention 
the alignment mark 18 comprises a first alignment mark 
Structure in a Scribe lane direction, and a Second alignment 
mark Structure comprising a set of n groups of m pairs of 
lines and Spaces with a predetermined periodicity in a 
direction at a angle between Zero and ninety degrees to the 
Scribe lane direction (e.g. perpendicular), and the alignment 
System is arranged to Scan the alignment mark at the angle 
to the Scribe lane direction and to determine the Specific one 
of extreme values. This allows to capture on the croSS 
Segmentation, Saving Scribe lane Space, as no Separate marks 
are needed for X and Y direction alignment. Again, option 
ally the illumination Spot has a dimension in the Scribe lane 
direction corresponding to k groups. 
0062. In FIG. 3, a first embodiment of an alignment mark 
18 is shown. The alignment mark 18 is positioned in a scribe 
lane 5 on a wafer 20 (of which die parts 6 are shown on both 
sides of the scribe lane 5). In the FIG.3, also the scribe lane 
direction X", and the direction Yperpendicular to the scribe 
lane direction are indicated. 

0063. In a typical exemplary embodiment, the width of 
the scribe lane 5 is about 40 um. The length of the alignment 
mark 18 is about 80 um, and comprises a large number of 
lines and Spaces e.g. with a pitch of about 1 lum. In general, 
the alignment mark 18 has a length 1 and a plurality of N 
line/space pairs or mark elements with a pitch p. Thus, the 
number of line/space pairs N may also be determined by 
dividing the length 1 by the pitch p. 
0064. The alignment system 10 produces an illumination 
spot 7 on the wafer, and, due to the movement of the wafer 
Stage 22, the alignment mark 18 will travel in the direction 
indicated by the arrow in FIG.3 relative to the illumination 
spot 7. The illumination spot 7 has a dimension which 
generally corresponds to the Scribe lane width, but is Smaller 
than the length of the alignment mark 18. In other words, the 
alignment mark 18 is longer than the dimension of the 
illumination spot 7 in the scribe lane direction X". 
0065. When the alignment mark 18 moves under the 
illumination spot 7 in the scribe lane 5, the detector 28 will 
provide an intensity signal as shown in FIG. 4. FIG. 4 
shows an intensity signal value of the detector 28 verSuS the 
position of the wafer Stage 22 in the X-direction. AS the 
image rotation device 26 and detector 28 operate as a 
convolution detector, the Signal will vary from Substantially 
Zero when the illumination spot 7 is not illuminating the 
alignment mark 18 to a maximum intensity value when the 
lines and Spaces of the two images are not aligned (i.e. the 
line of one image overlaps a space of the other image). When 
a line of one image overlaps a line of the other image, 
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destructive interference will cause a decrease of the detected 
intensity signal. Due to the convolution type of Signal 
detection, an alignment mark 18 having N line/space pairs 
will result in an intensity Signal having 2N-1 minimum 
values. Depending on how many line/space pairs of the two 
formed images overlap, the intensity of the Signal will be 
higher. A global maximum value is obtained when the 
illumination spot 7 is entirely over the alignment mark 18 
(illumination spot 7 illuminates a maximum number of 
lines). 
0.066. In an ideal embodiment, the illumination spot 7 has 
Straight leading and trailing edge in the Scribe lane direction, 
which would result in illumination of an integer number of 
lines of the alignment mark 18. However, in more practical 
embodiments, the illumination spot 7 will be a rounded or 
even substantially round spot. When the alignment mark 18 
is hit by the illumination spot 7, this will result in the fact 
that initially, not the entire line(s) of the alignment mark 18 
will be illuminated. However, this will only result in the 
amplitude of the detected Signal being Somewhat lower. The 
further description below is valid for both the ideal embodi 
ments and the practical embodiments of the illumination 
spot 7. 
0067. When an alignment mark 18 as depicted in FIG. 3 

is used, the resulting detected intensity Signal will have 
characteristic as shown in FIG. 4: Of the total of 2N-1 
extremes, a limited number of extremes will have the global 
minimum value, resulting in the mesa-type plot of FIG. 4. 
The slope of the envelope of the detected signal will depend 
on the sensitivity of the detector 28, and on the dimension 
of the illumination spot 7 (the more light hits the mark 18, 
the larger the output signal of the detector can be). Note that 
when the dimension of the illumination spot 7 in scribe lane 
direction is large enough to cover the entire alignment mark 
18, the resulting detected Signal will have a pyramid shaped 
envelope. 
0068. When the alignment mark 18 is a periodic mark 
having N pairs of lines and spaces (embodiment shown in 
FIG. 3), the middle position of the alignment mark 18 with 
respect to the reference of the alignment System (e.g. align 
ment axis 27 as shown in FIG. 2), can be determined by the 
position Xa of the middle global minimum in the intensity 
plot. When the illumination spot dimension in the scribe lane 
direction corresponds to the dimension of M line/space pairs 
(M-N), in general, there will be (2N-1)-2(M-1) global 
extreme values (peaks) in the intensity plot. 
0069. It would also be possible to take the (2N-1)/2th 
minimum value of all minimum values (peaks) present in the 
intensity plot. However, due to noise and other artifacts, one 
or more of the Small value extremes at the Start and end Slope 
of the intensity plot may be missed, resulting in an incorrect 
alignment position Xa. By only looking at the global mini 
mum values (i.e. the lows of the plot in the mesa-like part of 
the envelope of the plot of FIG. 4), it is possible to prevent 
this inaccuracy. 
0070 The number of extremes in the plot shown in FIG. 
4 do not correspond to the exemplary dimensions shown in 
FIG. 3 or to the example dimensions described above for 
clarity reasons. When the pitch of the alignment mark 18 is 
e.g. 1 um as described above, the distance between two 
global minimum values in the plot of FIG. 4 will be 0.5um. 
0071 Apart from picking the right top from the plot of 
FIG. 4, it is also possible to use other characteristic features 
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of this plot, Such as the Slopes of the envelope of the plot of 
FIG. 4, or the initial part of the detected signal without 
eXtremeS. 

0072. In FIG. 5, a further embodiment of the alignment 
mark 18 is shown, in which the alignment mark 18 com 
prises a first part 21, having N pairs of lines and spaces, and 
a Second part 23, which comprises a set of N2 lines and 
Spaces (e.g. N2=3, Second part 23 is a triplet), in which the 
first and Second part are Separated by a Space of at least one 
line and Space pair. The alignment mark 18 according to this 
embodiment can also be regarded as having a length l, and 
having a plurality of line/space pairs with a pitch p, in which 
a number of line/space pairs are left out. Still, the detected 
signal will have a total of 2N-1 minima, in which N=l/p, and 
N+N<N. 
0073. This alignment mark 18 will result in a detected 
signal which is shown in FIG. 6. In this plot, a characteristic 
feature caused by the triplet is visible: a diamond like 
envelope with decreasing and increasing slope of the various 
minima. It may be relatively easy to detect the deepest 
minimum of this diamond-like envelope, and from this, the 
position where the alignment axis 27 of the illumination spot 
7 is exactly over the center of the triplet second part 23 is 
known. From this position, again, the correct top of the Set 
of global minima can be Selected, depending on the dimen 
Sions and properties of the alignment mark 18. 

0074 For the embodiments as described in this descrip 
tion, it is also possible to use correlation techniques to 
determine the right alignment position of the alignment 
mark 18 with respect to the lithographic apparatus. It may 
then be desirable to take the complete Signal as obtained by 
the alignment System (i.e. the plots as exemplified in FIG. 
4, 6, 8, 10 and 13) and correlate or match this signal with a 
predetermined signal (pattern), and to detect the proper 
aligned position from this correlation. 
0075) When the total length of the alignment mark 18 in 
the embodiment shown in FIG. 5 is equal to the length of the 
alignment mark 18 in FIG.3 (using the same pitch), the total 
number of global minimum values will be smaller, but still 
it is possible to provide an unambiguous alignment position. 

0076) The embodiment shown in FIG.5 may suffer from 
the fact that the characteristic Signal envelope caused by the 
Second part 23 has a relatively low amplitude, which may 
make proper capturing problematic. To Solve this, the 
embodiment shown in FIG. 7 is proposed. Here, the align 
ment mark 18 comprises two identical parts 25, e.g. each 
having n pairs of lines and Spaces with a predetermined pitch 
p (e.g. 1 um), which are separated in the middle by a space 
region 27, having a dimension equal to a number of lines and 
Spaces with the Same predetermined pitch p. In other words, 
the alignment mark 18 may be regarded as a number of N 
line and space pairs (N>2n), wherein a number of line and 
Space pairs are omitted in the middle. It is noted that in an 
alternative embodiment, a So called phase jump mark 18 
may be used also, in which the two mark parts 25 have the 
Same period, but a different phase. A phase jump mark 18 is 
discussed in European patent application EP-A-1,434,103, 
which is incorporated herein by reference. 

0077. This type of mark 18 will result in a signal of the 
detector 28 as shown in FIG. 8. The missing lines in the 
middle of the alignment mark 18 will result in a drop in the 
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size of the minima of the detected signal. When the number 
of pairs of lines and Spaces left out is not too high (e.g. 3 or 
4 pairs), the resulting plot will have distinct differences with 
the plot as shown in FIG. 4. The number of missing lines in 
relation to the dimension of the illumination spot 7 in the 
scanning direction X" will determine which effect will be 
Visible. The alignment position Xa can then be determined 
by choosing the local eXtreme of the envelope in the affected 
area of the signal plot of FIG. 8. 
0078 By determining a local extreme, it is easier to 
determine the correct alignment position Xa when the 
detected signal comprises noise (e.g. by contamination of 
alignment mark 18, or non-Zero Scanning offset where the 
illumination spot 7 also illuminates structures on the die 6 
next to the scribe lane 5). 
0079 An even further embodiment of the present inven 
tion is shown in FIG. 9. This embodiment will probably 
make the capture mechanism even more robust. Here, the 
alignment mark 18 is a So called “periodic grating with Sub 
Segmentation', having a number of line/space groupS 29 
(nine groups being shown in the embodiment of FIG. 9), 
with a first pitch distance p, in which each line/space group 
29 comprises a number (e.g. three as shown in FIG. 9: 
triplets) of line and space pairs with a Second pitch distance 
p. When the first pitch distance p is a multiple integer of the 
Second pitch distance p, the resulting intensity signal from 
the detector 28 will be as shown in FIG. 10. A number of 
diamond like envelopes will result, in which the number of 
minima depends on the number of line/space pairs in each 
line/space group, and the distance between each group. 
Again, when l is the length of the total alignment mark 18, 
the total number N of present or non present line/space pairs 
is equal to 1/p, which will result in a total of 2N-1 minima 
(peaks) in the intensity signal. Also for the Second period 
icity structure, having a pitch of p2, there will be 201/p)-1 
characteristic features in the intensity signal. 
0080. The embodiment shown in FIG. 9 has nine groups 
29 of triplets, and the illumination spot 7 has a dimension in 
the X" direction covering four groups as a maximum. This 
will result in the intensity profile as shown in FIG. 10, 
having Seventeen Series of rising and falling maxima, each 
Series having five minima, resulting in 85 peaks. The align 
ment mark of FIG. 9 comprises nine sub groups of each 3 
line/space pairs, each Sub group being Spaced by a distance 
equal to two line/space pairs. Thus, in this case, N=l/p=8x 
5+3=43, and 2x43-1=85 peaks are present in the intensity 
Signal, in 2x9-1=17 characteristic Signal features. 
0081. Of the seventeen series, eleven series are showing 
a global minimum. In this case, the alignment position Xa 
can easily be determined by picking the middle minimum. 
0082. A further embodiment of the present invention uses 
a conventional alignment mark 18 augmented with a further 
alignment mark Structure having a periodic structure with 
Sub Segmentation. An example of this embodiment is shown 
in FIG. 11, which shows the alignment mark 18 positioned 
in the scribe lane 5 of a wafer in between dies 6. In the X 
direction of the scribe lane 5, the alignment mark 18 
comprises a plurality of lines and SpaceS 32 having a Set 
periodicity (Same pitch). In the direction perpendicular to 
that (Y direction), the alignment mark 18 comprises a 
croSS-Segmentation, which comprises a number of line/space 
groupS 33. In this example, each group 33 comprises three 
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lines with a predetermined pitch, and between each group 33 
is a predetermined distance. The person skilled in the art will 
understand that more groupS 33 may be provided, as well as 
a Smaller or larger number of line/space pairs per group 33. 
Also, it will be apparent that the cross-segmentation may 
also be under a different angle than perpendicular. In gen 
eral, the cross-segmentation may be under an angle between 
Substantially Zero and ninety degrees. 
0083. When the scribe lane is scanned by the illumination 
spot 7 in the Y'-direction, the alignment system 10 will 
actually perceive an alignment mark 18 comparable to the 
alignment mark 18 as described with reference to FIG. 9 
(see FIG. 12). The resulting intensity signal as detected by 
detector 28 against the wafer stage position is shown in FIG. 
13. The signal shows a double period, where the finer period 
is given by the fine Separation of the lines, while the coarser 
period is given by the Separation of the groups. Again, a 
number of diamond-like envelopes (of a series of rising and 
falling minimum values) results, of which in this case the 
lowest peak in the middle diamond-like envelope is chosen 
to indicate the alignment position Ya in the Y direction. It 
is however noted that a possibility exists that Scan direction 
and trajectory of the alignment System are aligned Such that 
the detected Signal shows no features as discussed above. 
0084. This embodiment would e.g. allow to perform a 
coarse wafer alignment on a set of two alignment markS 18, 
each having a periodic structure (possibly with Sub-segmen 
tation) in both the X- and Y-direction. The two structures in 
X-direction will provide an initial alignment in Y-direction, 
and the two structures in Y-direction will provide an initial 
alignment in X-direction. These initial alignments provide a 
coarse wafer alignment grid, from which the initial position 
for fine wafer alignment may be determined using the same 
Scan results. 

0085 To be able to use the alignment method as 
described with reference to the above exemplary embodi 
ments of the alignment mark 18, it may be necessary to have 
a proper Starting position of the illumination spot 7 with 
respect to the Scribe lane 5. Therefore, the alignment System 
10 may be further arranged to obtain an initial position of the 
alignment mark 18 for aligning the illumination spot 7 with 
the alignment mark 18. Initial positioning may already be 
obtained when the initial wafer load accuracy of the litho 
graphic apparatus is Sufficiently accurate. Alternatively, the 
initial positioning may be obtained using conventional 
coarse wafer alignment methods, e.g. diagonal Scan tech 
niques (see e.g. the description of Such techniques in Euro 
pean patent application EP-A-1,434,103, which description 
is incorporated herein by reference). 
0086) The graphs of detected signals of FIGS. 4, 6, 8, 10 
and 13 Show the extremes of the detected Signals as mini 
mum values (peaks). Depending on the specific structure of 
the alignment Sensor, the detected Signal may be the result 
of destructive interference of the two mutually rotated 
images, thus resulting in minimum values as extremes. 
However, for the skilled person it will be clear that alterna 
tives are possible (e.g. resulting in a constant value minus 
the Signal as shown in the mentioned figures), and that in the 
above description the term minimum (or minimum value) 
may also be a maximum (or maximum value) according to 
the Specific circumstances. 
0087 Alithographic apparatus according to one embodi 
ment comprises an illumination System configured to con 
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dition a radiation beam; a Support constructed to Support a 
patterning device, the patterning device being capable of 
imparting the radiation beam with a pattern in its croSS 
Section to form a patterned radiation beam; a Substrate table 
constructed to hold a Substrate; a projection System config 
ured to project the patterned radiation beam onto a target 
portion of the Substrate; and an alignment System which is 
configured to illuminate an alignment mark on the Substrate 
with an illumination Spot, the alignment mark comprising a 
plurality of lines and Spaces, the alignment System compris 
ing a combiner System which is configured to transfer two 
images of the illuminated alignment mark without Spatial 
filtering of the images, rotate the images 180 relatively to 
each other, and combine the two images, and a detection 
System which is configured to detect an alignment Signal 
from the combined images and to determine a unique 
alignment position by Selecting a specific one of extreme 
values in the detected alignment Signal. The determination 
of the unique (i.e. unambiguous) alignment position may 
e.g. be accomplished using Signal matching techniques. 
0088 According to another embodiment, an alignment 
System for aligning a Substrate, e.g. in a lithographic appa 
ratus, comprises an illuminator System which is configured 
to illuminate an alignment mark on the Substrate with an 
illumination spot, the alignment mark comprising a plurality 
of lines and Spaces, a combiner System which is configured 
to transfer two images of the illuminated alignment mark 
without Spatial filtering of the images, rotate the images 180 
relatively to each other, and combine the two images, and a 
detection System which is configured to detect an alignment 
Signal from the combined images and to determine a unique 
alignment position by Selecting a specific one of extreme 
values in the detected alignment Signal. 
0089. A device manufacturing method according to a 
further embodiment comprises projecting a patterned beam 
of radiation onto a Substrate, illuminating an alignment mark 
in a Scribe lane on the Substrate with an illumination Spot, the 
alignment mark comprising a plurality of lines and Spaces, 
transferring the images of the illuminated alignment mark 
without Spatial filtering of the images, combining two 
images of the alignment mark that are rotated by 180 
relative to each other; and detecting an alignment Signal 
from the combined images, and determining a unique align 
ment position by Selecting a Specific one of extreme values 
in the detected alignment Signal. 
0090 Although specific reference may 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 may have other applications, Such as 
the manufacture of integrated optical Systems, guidance and 
detection patterns for magnetic domain memories, flat-panel 
displays, liquid-crystal displays (LCDS), thin film magnetic 
heads, etc. The Skilled artisan will appreciate that, in the 
context of Such alternative applications, any use of the terms 
“wafer' or “die” herein may be considered as synonymous 
with the more general terms "Substrate' or “target portion', 
respectively. The Substrate referred to herein may be pro 
cessed, 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), a metrology tool and/or an 
inspection tool. Where applicable, the disclosure herein may 
be applied to Such and other Substrate processing tools. 
Further, the Substrate may be processed more than once, for 
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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. 
0091 Although specific reference may have been made 
above to the use of embodiments of the invention in the 
context of optical lithography, it will be appreciated that the 
invention may be used in other applications, for example 
imprint lithography, and where the context allows, is not 
limited to optical lithography. In imprint lithography a 
topography in a patterning device defines the pattern created 
on a Substrate. The topography of the patterning device may 
be pressed into a layer of resist Supplied to the Substrate 
whereupon the resist is cured by applying electromagnetic 
radiation, heat, pressure or a combination thereof. The 
patterning device is moved out of the resist leaving a pattern 
in it after the resist is cured. 

0092. The terms “radiation” and “beam” used herein 
encompass all types of electromagnetic radiation, including 
ultraViolet (UV) radiation (e.g. having a wavelength of or 
about 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. 

0093. The term “lens”, where the context allows, may 
refer to any one or combination of various types of optical 
components, including refractive, reflective, magnetic, elec 
tromagnetic and electroStatic optical components. 
0094. While specific embodiments of the invention have 
been described above, it will be appreciated that the inven 
tion may be practiced otherwise than as described. For 
example, the invention may take the form of a computer 
program containing one or more Sequences of machine 
readable instructions describing a method as disclosed 
above, or a data storage medium (e.g. Semiconductor 
memory, magnetic or optical disk) having Such a computer 
program Stored therein. 
0095 The descriptions above are intended to be illustra 
tive, not limiting. Thus, it will be apparent to one skilled in 
the art that modifications may be made to the invention as 
described without departing from the Scope of the claims Set 
out below. 

What is claimed is: 
1. A lithographic apparatus comprising: 

an illumination System configured to condition a radiation 
beam; 

a Support constructed to Support a patterning device, the 
patterning device being capable of imparting the radia 
tion beam with a pattern in its cross-section to form a 
patterned radiation beam; 

a Substrate table constructed to hold a Substrate; 
a projection System configured to project the patterned 

radiation beam onto a target portion of the Substrate; 
and 

an alignment System configured to illuminate an align 
ment mark on the Substrate with an illumination Spot, 
the alignment mark comprising a plurality of lines and 
Spaces, the alignment System comprising: 
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a combiner System configured to transfer two images of 
the illuminated alignment mark without Spatial fil 
tering of the images, rotate the images 180 rela 
tively to each other, and combine the two images, 
and 

a detection System configured to detect an alignment 
Signal from the combined images and to determine a 
unique alignment position by Selecting one of a 
plurality of extreme values in the detected alignment 
Signal. 

2. The lithographic apparatus according to claim 1, 
wherein the length of a line Segment passing through the 
center of the illumination Spot and terminating at the periph 
ery of the illumination Spot is less than the length of the 
alignment mark in a direction of a Scribe lane of the 
Substrate. 

3. The lithographic apparatus according to claim 1, 
wherein the alignment mark comprises N pairs of lines and 
Spaces with a periodicity p, and 

wherein a width of the illuminating Spot, as measured 
through the center of the illumination spot and in the 
direction of a Scribe lane of the Substrate, is Substan 
tially equivalent to M pairs of lines and Spaces, and 

wherein the detected alignment signal includes a plurality 
of global eXtreme values having Substantially equal 
amplitudes, and 

wherein the Selected extreme value is one of the plurality 
of global extreme values. 

4. The lithographic apparatus according to claim 1, 
wherein the alignment mark comprises a combination of a 
first set of N pairs of lines and spaces with a periodicity p, 
and a Second set of N pairs of lines and Spaces with the 
periodicity p, and 

wherein the first and Second Sets are separated by a Space 
having a width greater than one of Said Spaces of the 
first set. 

5. The lithographic apparatus according to claim 4, 
wherein N is less than N, and 

wherein a width of the illuminating Spot, as measured 
through the center of the illumination spot and in the 
direction of a Scribe lane of the Substrate, is Substan 
tially equivalent to M pairs of lines and Spaces, and 

wherein the detected alignment signal includes a plurality 
of global eXtreme values having Substantially equal 
amplitudes, and 

wherein the detection System is configured to Select the 
largest extreme value in a Segment of the detected 
alignment signal corresponding to the Second Set of N 
pairs, and 

wherein the detection System is configured to Select the 
one of a plurality of extreme values using the Selected 
largest extreme value as a reference. 

6. The lithographic apparatus according to claim 4, 
wherein N is equal to N, and 

wherein a width of the illuminating Spot, as measured 
through the center of the illumination spot and in the 
direction of a Scribe lane of the Substrate, is Substan 
tially equivalent to M pairs of lines and SpaceS, M being 
less than (N1+N2), and 
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wherein the detected alignment Signal includes two Seg 
ments having global extreme values and a local Seg 
ment between the two Segments, and 

wherein the alignment System is arranged to Select a local 
extreme value in the local Segment as the Selected 
extreme value. 

7. The lithographic apparatus according to claim 1, 
wherein the alignment mark comprises n groups of m pairs 
of lines and Spaces, each of the n groups having a periodicity 
p, and 

wherein the detected alignment Signal includes 2n-1 
characteristic Signal Segments and a plurality of global 
extreme values, and 

wherein each of the plurality of global extreme values has 
Substantially the same amplitude, and 

wherein the Selected extreme value is one of the plurality 
of global extreme values. 

8. The lithographic apparatus according to claim 1, 
wherein the alignment mark comprises: 

a first alignment mark Structure in a direction of a Scribe 
lane of the Substrate, and 

a Second alignment mark Structure comprising a set of n 
groups of m pairs of lines and Spaces, each of the n 
groups having a periodicity p in a direction at a angle 
in the range of from Zero to ninety degrees, inclusive, 
to the Scribe lane direction, and 

wherein the alignment System is arranged to detect the 
alignment signal while Scanning the alignment mark at 
the angle to the Scribe lane direction. 

9. The lithographic apparatus according to claim 1, 
wherein a length of the alignment mark is Substantially equal 
to eighty microns, a width of the alignment mark is Sub 
Stantially equal to forty microns, and a periodicity of the 
alignment mark is Substantially equal to one micron. 

10. The lithographic apparatus according to claim 1, 
wherein the alignment System is arranged to obtain an initial 
position of the alignment mark for aligning the illumination 
Spot with the alignment mark. 

11. The lithographic apparatus according to claim 1, 
wherein the combiner System comprises a set of optical 
elements configured to transfer two images of the illumi 
nated alignment mark without Spatial filtering of the images, 
rotate the images 180° relatively to each other, and combine 
the two images. 

12. The lithographic apparatus according to claim 1, 
wherein the detection System comprises a detector config 
ured to detect an alignment Signal from the combined 
images and a signal analyzer configured to determine a 
unique alignment position by Selecting one of a plurality of 
extreme values in the detected alignment Signal. 

13. An alignment System for aligning a Substrate com 
prising: 

a spot Source configured to illuminate an alignment mark 
on the Substrate with an illumination Spot; 

a combiner System configured to transfer two images of 
the illuminated alignment mark without Spatial filtering 
of the images, rotate the images 180 relatively to each 
other, and combine the two images, and 
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a detection System configured to detect an alignment 
Signal from the combined images and to determine a 
unique alignment position by Selecting one of a plu 
rality of extreme values in the detected alignment 
Signal. 

14. The alignment System according to claim 13, wherein 
the length of a line Segment passing through the center of the 
illumination spot and terminating at the periphery of the 
illumination Spot is less than the length of the alignment 
mark in a direction of a Scribe lane of the Substrate. 

15. The alignment System according to claim 13, wherein 
an area of the illumination spot is less than an area of the 
alignment mark. 

16. The alignment System according to claim 13, wherein 
the alignment mark comprises N pairs of lines and Spaces 
with a periodicity p, and 

wherein the detected alignment Signal has a plurality of 
global eXtreme values having Substantially equal 
amplitudes, and 

wherein the Selected extreme value is one of the plurality 
of global extreme values. 

17. The alignment System according to claim 16, wherein 
a width of the illuminating spot, as measured through the 
center of the illumination spot and in the direction of a Scribe 
lane of the Substrate, is Substantially equivalent to M pairs 
of lines and Spaces. 

18. The alignment System according to claim 13, wherein 
the alignment mark comprises a combination of a first Set of 
N pairs of lines and spaces with a periodicity p, and a 
Second Set of N pairs of lines and Spaces with the period 
icity p, and 

wherein the first and Second Sets are Separated by a Space. 
19. The alignment System according to claim 18, wherein 

the Space Separating the first and Second Sets has a width 
greater than one of Said Spaces of the first Set. 

20. The alignment System according to claim 18, wherein 
N is less than N, and wherein the detection System is 
configured to Select the largest extreme value in a Segment 
of the detected alignment Signal corresponding to the Second 
Set of N. pairs, and 

wherein the detection System is configured to Select the 
one of a plurality of extreme values using the Selected 
largest extreme value as a reference. 

21. The alignment System according to claim 20, wherein 
a width of the illuminating spot, as measured through the 
center of the illumination spot and in the direction of a Scribe 
lane of the Substrate, is Substantially equivalent to M pairs 
of lines and Spaces, and 

wherein the detected alignment signal includes a plurality 
of global eXtreme values having Substantially equal 
amplitudes. 

22. The alignment System according to claim 18, wherein 
N is equal to N, and 

wherein the detected alignment Signal includes two Seg 
ments having global extreme values and a local Seg 
ment between the two Segments, and 

wherein the alignment System is arranged to Select a local 
extreme value in the local Segment as the Selected 
extreme value. 

23. The alignment System according to claim 22, wherein 
a width of the illuminating spot, as measured through the 
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center of the illumination Spot and in the direction of a Scribe 
lane of the Substrate, is Substantially equivalent to M pairs 
of lines and spaces, M being less than (N1+N2). 

24. The alignment System according to claim 13, wherein 
the alignment mark comprises n groups of m pairs of lines 
and Spaces, each of the n groups having a periodicity p, and 

wherein the detected alignment Signal includes 2n-1 
characteristic Signal Segments and a plurality of global 
extreme values, and 

wherein the Selected extreme value is one of the plurality 
of global extreme values. 

25. The alignment System according to claim 24, wherein 
each of the plurality of global extreme values has Substan 
tially the same amplitude. 

26. The alignment System according to claim 13, wherein 
the alignment mark comprises: 

a first alignment mark Structure in a direction of a Scribe 
lane of the Substrate, and 

a Second alignment mark Structure comprising a set of n 
groups of m pairs of lines and Spaces, each of the n 
groups having a periodicity p in a direction at a angle 
in the range of from Zero to ninety degrees, inclusive, 
to the Scribe lane direction, and 

wherein the alignment System is arranged to detect the 
alignment signal while Scanning the alignment mark at 
the angle to the Scribe lane direction. 

27. The alignment System according to claim 13, wherein 
a length of the alignment mark is Substantially equal to 
eighty microns, a width of the alignment mark is Substan 
tially equal to forty microns, and a periodicity of the 
alignment mark is Substantially equal to one micron. 

28. The alignment System according to claim 13, wherein 
the alignment System is arranged to obtain an initial position 
of the alignment mark for aligning the illumination spot with 
the alignment mark. 

29. The alignment System according to claim 13, wherein 
the combiner System comprises a set of optical elements 
configured to transfer two images of the illuminated align 
ment mark without Spatial filtering of the images, rotate the 
images 180° relatively to each other, and combine the two 
images. 

30. The alignment System according to claim 13, wherein 
the detection System comprises a detector configured to 
detect an alignment Signal from the combined images and a 
Signal analyzer configured to determine a unique alignment 
position by Selecting one of a plurality of extreme values in 
the detected alignment Signal. 

31. A device manufacturing method comprising: 
projecting a patterned beam of radiation onto a Substrate; 
illuminating an alignment mark in a Scribe lane on the 

Substrate with an illumination Spot, the alignment mark 
comprising a plurality of lines and Spaces, 

transferring the images of the illuminated alignment mark 
without Spatial filtering of the images, 

combining two images of the alignment mark that are 
rotated by 180° relative to each other; and 

detecting an alignment Signal from the combined images 
and determining a unique alignment position by Select 
ing an extreme value in the detected alignment Signal. 
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32. The device manufacturing method according to claim 
31, wherein the dimension of the illumination spot is smaller 
than the length of the alignment mark in a Scribe lane 
direction. 

33. The device manufacturing method according to claim 
31, wherein an area of the illumination spot is less than an 
area of the alignment mark. 

34. The device manufacturing method according to claim 
31, wherein the alignment mark comprises N pairs of lines 
and Spaces with a periodicity p, and 

wherein the detected alignment signal includes a plurality 
of global eXtreme values having Substantially equal 
amplitudes, and 

wherein the Selected extreme value is one of the plurality 
of global extreme values. 

35. The device manufacturing method according to claim 
34, wherein a width of the illuminating spot, as measured 
through the center of the illumination Spot and in the 
direction of a Scribe lane of the Substrate, is Substantially 
equivalent to M pairs of lines and Spaces. 

36. The device manufacturing method according to claim 
31, wherein the alignment mark comprises a combination of 
a first Set of N pairs of lines and Spaces with a periodicity 
p, and a second set of N. pairs of lines and Spaces with the 
periodicity p, and 

wherein the first and Second Sets are Separated by a Space. 
37. The device manufacturing method according to claim 

36, wherein the Space separating the first and Second sets has 
a width greater than one of Said spaces of the first Set. 

38. The lithographic apparatus according to claim 36, 
wherein N is less than N, and 

wherein the detection System is configured to Select the 
largest extreme value in a Segment of the detected 
alignment signal corresponding to the Second Set of N 
pairs, and 

wherein the detection System is configured to Select the 
one of a plurality of extreme values using the Selected 
largest extreme value as a reference. 

39. The device manufacturing method according to claim 
38, wherein a width of the illuminating spot, as measured 
through the center of the illumination Spot and in the 
direction of a Scribe lane of the Substrate, is Substantially 
equivalent to M pairs of lines and Spaces, and 

wherein the detected alignment signal includes a plurality 
of global eXtreme values having Substantially equal 
amplitudes. 

40. The device manufacturing method according to claim 
36, wherein N is equal to N, and 

wherein the detected alignment Signal includes two Seg 
ments having global extreme values and a local Seg 
ment between the two Segments, and 

wherein the alignment System is arranged to Select a local 
extreme value in the local Segment as the Selected 
extreme value. 

41. The device manufacturing method according to claim 
40, wherein a width of the illuminating spot, as measured 
through the center of the illumination Spot and in the 
direction of a Scribe lane of the Substrate, is Substantially 
equivalent to M pairs of lines and Spaces, M being less than 
(N1+N). 
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42. The device manufacturing method according to claim 
31, wherein the alignment mark comprises n groups of m 
pairs of lines and Spaces, each of the n groups having a 
periodicity p, and 

wherein the detected alignment Signal includes 2n-1 
characteristic Signal Segments and a plurality of global 
extreme values, and 

wherein the Selected extreme value is one of the plurality 
of global extreme values. 

43. The device manufacturing method according to claim 
42, wherein each of the plurality of global extreme values 
has Substantially the same amplitude. 

44. The device manufacturing method according to claim 
31, wherein the alignment mark comprises: 

a first alignment mark Structure in a direction of a Scribe 
lane of the Substrate, and 

a Second alignment mark Structure comprising a set of n 
groups of m pairs of lines and Spaces, each of the n 
groups having a periodicity p in a direction at a angle 
in the range of from Zero to ninety degrees, inclusive, 
to the Scribe lane direction, and 

wherein the alignment System is arranged to detect the 
alignment signal while Scanning the alignment mark at 
the angle to the Scribe lane direction. 

45. The device manufacturing method according to claim 
31, wherein a length of the alignment mark is Substantially 
equal to eighty microns, a width of the alignment mark is 
Substantially equal to forty microns, and a periodicity of the 
alignment mark is Substantially equal to one micron. 

46. The device manufacturing method according to claim 
31, Said method comprising obtaining an initial position of 
the alignment mark for aligning the illumination spot with 
the alignment mark. 

47. A method of aligning a Substrate, Said method com 
prising: 

illuminating an alignment mark on the Substrate with a 
Spot, Said alignment mark including an alternating 
plurality of lines and Spaces, 

rotating at least one of two images of the illuminated mark 
with respect to the other Such that a rotation of one of 
the images with respect to the other is Substantially 
equal to one-hundred-eighty degrees to produce a com 
bined image, Said combined image being based on Said 
two images Subsequent to Said rotating, 

detecting an alignment Signal based on the combined 
image, Said alignment Signal including a plurality of 
locally extreme values having Substantially equal 
amplitudes, 

and Selecting one of a plurality of locally extreme values 
in the detected alignment Signal. 

48. An alignment System comprising: 

a spot Source configured to illuminate an alignment mark 
on a Substrate with an illumination Spot; 

a plurality of optical elements configured to rotate at least 
one of two images of the illuminated mark with respect 
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to the other Such that a rotation of one of the images including a plurality of locally extreme values having 
with respect to the other is Substantially equal to Substantially equal amplitudes, and 
one-hundred-eighty degrees to produce a combined 
image, Said combined image being based on Said two 
images Subsequent to Said rotating, 

a signal analyzer configured to determine a unique align 
ment position by Selecting one of a plurality of locally 
extreme values in the detected alignment Signal. 

a detector configured to detect an alignment Signal from 
the combined image, Said detected alignment Signal k . . . . 


