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(57) ABSTRACT 
An imprint lithography apparatus is disclosed that has a 
template holder configured to hold an imprint template, a 
Substrate table, and an optical encoder, the optical encoder 
having a radiation output, a first diffraction grating, and a 
detector, the radiation output arranged to illuminate a second 
diffraction grating and the detector positioned to detect 
radiation diffracted by the first and second diffraction grat 
ings to provide an alignment signal. 
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IMPRINT LITHOGRAPHY 

1. FIELD 

0001. The invention relates to imprint lithography. 

2. BACKGROUND 

0002. A lithographic apparatus is a machine that applies 
a desired pattern onto a target portion of a Substrate. Litho 
graphic apparatus are conventionally used, for example, in 
the manufacture of integrated circuits (ICs), flat panel dis 
plays and other devices involving fine structures. 
0003. It is desirable to reduce the size of features in a 
lithographic pattern because this allows for a greater density 
of features on a given Substrate area. In photolithography, 
the increased resolution may be achieved by using radiation 
of shorter wavelength. However, there are problems asso 
ciated with Such reductions. Current systems are starting to 
adopt optical sources with wavelengths in the 193 nm 
regime but even at this level, diffraction limitations become 
a barrier. At lower wavelengths, the transparency of mate 
rials is very poor. Optical lithography machines capable of 
enhanced resolutions require complex optics and rare mate 
rials and are consequently very expensive. 
0004 An alternative for printing sub-100 nm features, 
known as imprint lithography, comprises transferring a 
pattern to a Substrate by imprinting a pattern into an imprint 
able medium using a physical mould or template. The 
imprintable medium may be the substrate or a material 
coated on to a surface of the substrate. The imprintable 
medium may be functional or may be used as a “mask to 
transfer a pattern to an underlying Surface. The imprintable 
medium may, for instance, be provided as a resist deposited 
on a Substrate, such as a semiconductor material, into which 
the pattern defined by the template is to be transferred. 
Imprint lithography is thus essentially a moulding process 
on a micrometer or nanometer scale in which the topography 
of a template defines the pattern created on a Substrate. 
Patterns may be layered as with optical lithography pro 
cesses so that, in principle, imprint lithography could be 
used for Such applications as IC manufacture. 
0005 The resolution of imprint lithography is limited 
only by the resolution of the template fabrication process. 
For instance, imprint lithography may be used to produce 
features in the Sub-50 nm range with significantly improved 
resolution and line edge roughness compared to that achiev 
able with conventional optical lithography processes. In 
addition, imprint processes do not require expensive optics, 
advanced illumination sources or specialized resist materials 
typically required by optical lithography processes. 
0006. As mentioned above, imprint lithography may be 
used to manufacture multiple layer structures, such as inte 
grated circuits. In order to manufacture Such multiple layer 
structures, each layer is typically independently imprinted. 
For example, a first layer is imprinted into a substrate, 
following which the imprinted material is treated such that 
the pattern imprinted therein becomes fixed. A second layer 
is then imprinted onto the first layer and treated, followed by 
third and fourth layers, etc. In some IC designs up to thirty 
layers may be used. Manufacture of multiple layer structures 
is commonplace using optical lithography apparatus. How 
ever, it has so far proved difficult to manufacture such 
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structures using imprint lithography, due to difficulties in 
aligning the patterns of Successive layers such that they 
correspond correctly. Alignment between Successive layers 
should be achieved with high accuracy otherwise device 
components, which are constructed by several layers, will 
not contact one another or do so improperly with the result 
that the device components may not function as intended. 

3. SUMMARY 

0007 According to a first aspect of the invention, there is 
provided an imprint lithography apparatus comprising a 
template holder configured to hold an imprint template, a 
Substrate table, and an optical encoder, the optical encoder 
having a radiation output, a first diffraction grating, and a 
detector, the radiation output arranged to illuminate a second 
diffraction grating and the detector positioned to detect 
radiation diffracted by the first and second diffraction grat 
ings to provide an alignment signal. 
0008 According to a second aspect of the invention, 
there is provided a method of alignment for an imprint 
lithography apparatus comprising an imprint template and 
an optical encoder having a radiation output, a first diffrac 
tion grating, and a detector, the method comprising directing 
radiation from the radiation output onto a second diffraction 
grating, and detecting radiation diffracted by the first and 
second diffraction gratings to provide an alignment signal. 
0009. One or more embodiment of the invention are 
applicable to any imprint lithography process in which a 
patterned template is imprinted into an imprintable medium 
in a flowable state, and for instance can be applied to hot and 
UV imprint lithography as described herein. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

0010 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: 

0011 FIG. 1a-1c illustrate examples of conventional 
soft, hot and UV lithography process respectively; 
0012 FIG. 2 illustrates a two step etching process 
employed when hot and UV imprint lithography is used to 
pattern a resist layer; 
0013 FIG. 3 schematically illustrates a template and a 
typical imprintable resist layer deposited on a Substrate; 
0014 FIG. 4 schematically depicts an imprint lithogra 
phy apparatus according to an embodiment of the invention; 
0.015 FIG. 4a schematically depicts the encoder of FIG. 
4 in more detail; and 
0016 FIG. 5 schematically depicts an imprint lithogra 
phy apparatus according to an another embodiment of the 
invention. 

5. DETAILED DESCRIPTION 

0017. There are two principal approaches to imprint 
lithography which will be termed generally as hot imprint 
lithography and UV imprint lithography. There is also a third 
type of “printing lithography known as Soft lithography. 
Examples of these are illustrated in FIGS. 1a to 1c. 
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0018 FIG. 1a schematically depicts the soft lithography 
process which involves transferring a layer of molecules 11 
(typically an ink such as a thiol) from a flexible template 10 
(typically fabricated from polydimethylsiloxane (PDMS)) 
onto a resist layer 13 which is supported upon a substrate 12 
and planarization and transfer layer 12'. The template 10 has 
a pattern of features on its Surface, the molecular layer being 
disposed upon the features. When the template is pressed 
against the resist layer, the layer of molecules 11 stick to the 
resist. Upon removal of the template from the resist, the 
layer of molecules 11 stick to the resist, the residual layer of 
resist is etched such that the areas of the resist not covered 
by the transferred molecular layer are etched down to the 
substrate. 

0019. The template used in soft lithography may be easily 
deformed and may therefore not be suited to high resolution 
applications, e.g. on a nanometer scale, since the deforma 
tion of the template may adversely affect the imprinted 
pattern. Furthermore, when fabricating multiple layer struc 
tures, in which the same region will be overlaid multiple 
times, soft imprint lithography may not provide overlay 
accuracy on a nanometer scale. 
0020 Hot imprint lithography (or hot embossing) is also 
known as nanoimprint lithography (NIL) when used on a 
nanometer scale. The process uses a harder template made 
from, for example, silicon or nickel, which are more resis 
tant to wear and deformation. This is described for instance 
in U.S. Pat. No. 6,482,742 and illustrated in FIG. 1b. In a 
typical hot imprint process, a Solid template 14 is imprinted 
into a thermosetting or a thermoplastic polymer resin 15, 
which has been cast on the surface of substrate. The resin 
may, for instance, be spin coated and baked onto the 
Substrate Surface or more typically (as in the example 
illustrated) onto a planarization and transfer layer 12'. It 
should be understood that the term “hard' when describing 
an imprint template includes materials which may generally 
be considered between "hard' and “soft' materials, such as 
for example “hard rubber. The suitability of a particular 
material for use as an imprint template is determined by its 
application requirements. 

0021 When a thermosetting polymer resin is used, the 
resin is heated to a temperature Such that, upon contact with 
the template, the resin is sufficiently flowable to flow into the 
pattern features defined on the template. The temperature of 
the resin is then increased to thermally cure (e.g. crosslink) 
the resin so that it solidifies and irreversibly adopts the 
desired pattern. The template may then be removed and the 
patterned resin cooled. 
0022. Examples of thermoplastic polymer resins used in 
hot imprint lithography processes are poly (methyl meth 
acrylate), polystyrene, poly (benzyl methacrylate) or poly 
(cyclohexyl methacrylate). The thermoplastic resin is heated 
so that it is in a freely flowable state immediately prior to 
imprinting with the template. It is typically necessary to heat 
thermoplastic resin to a temperature considerably above the 
glass transition temperature of the resin. The template is 
pressed into the flowable resin and sufficient pressure is 
applied to ensure the resin flows into all the pattern features 
defined on the template. The resin is then cooled to below its 
glass transition temperature with the template in place 
whereupon the resin irreversibly adopts the desired pattern. 
The pattern will consist of the features in relief from a 
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residual layer of the resin which may then be removed by an 
appropriate etch process to leave only the pattern features. 
0023. Upon removal of the template from the solidified 
resin, a two-step etching process is typically performed as 
illustrated in FIGS. 2a to 2c. The substrate 20 has a 
planarization and transfer layer 21 immediately upon it, as 
shown in FIG. 2a. The purpose of the planarization and 
transfer layer is twofold. It acts to provide a surface sub 
stantially parallel to that of the template, which helps ensure 
that the contact between the template and the resin is 
parallel, and also to improve the aspect ratio of the printed 
features, as described herein. 
0024. After the template has been removed, a residual 
layer 22 of the solidified resin is left on the planarization and 
transfer layer 21, shaped in the desired pattern. The first etch 
is isotropic and removes parts of the residual layer 22, 
resulting in a poor aspect ratio of features where L1 is the 
height of the features 23, as shown in FIG. 2b. The second 
etch is anisotropic (or selective) and improves the aspect 
ratio. The anisotropic etch removes those parts of the 
planarization and transfer layer 21 which are not covered by 
the Solidified resin, increasing the aspect ratio of the features 
23 to (L2/D), as shown in FIG. 2c. The resulting polymer 
thickness contrast left on the substrate after etching can be 
used as for instance a mask for dry etching if the imprinted 
polymer is sufficiently resistant, for instance as a step in a 
lift-off process. 
0025 Hot imprint lithography suffers from a disadvan 
tage in that not only must the pattern transfer be performed 
at a higher temperature, but also relatively large temperature 
differentials might be required in order to ensure the resin is 
adequately solidified before the template is removed. Tem 
perature differentials between 35 and 100° C. may be 
needed. Differential thermal expansion between, for 
instance, the Substrate and template may then lead to dis 
tortion in the transferred pattern. This may be exacerbated 
by the relatively high pressure needed for the imprinting 
step, due the Viscous nature of the imprintable material, 
which can induce mechanical deformation in the Substrate, 
again distorting the pattern. 

0026 UV imprint lithography, on the other hand, does 
not involve such high temperatures and temperature changes 
nor does it require Such viscous imprintable materials. 
Rather, UV imprint lithography involves the use of a par 
tially or wholly transparent template and a UV-curable 
liquid, typically a monomer Such as an acrylate or meth 
acrylate. In general, any photopolymerizable material could 
be used. Such as a mixture of monomers and an initiator. The 
curable liquid may also, for instance, include a dimethyl 
siloxane derivative. Such materials are less viscous than the 
thermosetting and thermoplastic resins used in hot imprint 
lithography and consequently move much faster to fill 
template pattern features. Low temperature and low pressure 
operation also favors higher throughput capabilities. 
0027. An example of a UV imprint process is illustrated 
in FIG. 1c. A quartz template 16 is applied to a UV curable 
resin 17 in a similar manner to the process of FIG. 1b. 
Instead of raising the temperature as in hot embossing 
employing thermosetting resins, or temperature cycling 
when using thermoplastic resins, UV radiation is applied to 
the resin through the quartz template in order to polymerize 
and thus cure it. Upon removal of the template, the remain 
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ing steps of etching the residual layer of resist are the same 
or similar as for the hot embossing process described herein. 
The UV curable resins typically used have a much lower 
Viscosity than typical thermoplastic resins so that lower 
imprint pressures can be used. Reduced physical deforma 
tion due to the lower pressures, together with reduced 
deformation due to high temperatures and temperature 
changes, makes UV imprint lithography Suited to applica 
tions requiring high overlay accuracy. In addition, the trans 
parent nature of UV imprint templates can accommodate 
optical alignment techniques simultaneously to the imprint 
1ng. 

0028. Although this type of imprint lithography mainly 
uses UV curable materials, and is thus generically referred 
to as UV imprint lithography, other wavelengths of radiation 
may be used to cure appropriately selected materials (e.g., 
activate a polymerization or cross linking reaction). In 
general, any radiation capable of initiating Such a chemical 
reaction may be used if an appropriate imprintable material 
is available. Alternative “activating radiation” may, for 
instance, include visible light, infrared radiation, X-ray 
radiation and electronbeam radiation. In the general descrip 
tion herein, references to UV imprint lithography and use of 
UV radiation are not intended to exclude these and other 
activating radiation possibilities. 
0029. As an alternative to imprint systems using a planar 
template which is maintained substantially parallel to the 
substrate surface, roller imprint systems have been devel 
oped. Both hot and UV roller imprint systems have been 
proposed in which the template is formed on a roller but 
otherwise the imprint process is very similar to imprinting 
using a planar template. Unless the context requires other 
wise, references to an imprint template include references to 
a roller template. 
0030 There is a particular development of UV imprint 
technology known as step and flash imprint lithography 
(SFIL) which may be used to pattern a substrate in small 
steps in a similar manner to optical steppers conventionally 
used, for example, in IC manufacture. This involves printing 
Small areas of the Substrate at a time by imprinting a 
template into a UV curable resin, flashing UV radiation 
through the template to cure the resin beneath the template, 
removing the template, stepping to an adjacent region of the 
substrate and repeating the operation. The small field size of 
Such step and repeat processes may help reduce pattern 
distortions and CD variations so that SFIL may be particu 
larly Suited to manufacture of IC and other devices requiring 
high overlay accuracy. 

0031. Although in principle the UV curable resin can be 
applied to the entire Substrate Surface, for instance by spin 
coating, this may be problematic due to the volatile nature 
of UV curable resins. 

0032. One approach to addressing this problem is the 
so-called 'drop on demand process in which the resin is 
dispensed onto a target portion of the Substrate in droplets 
immediately prior to imprinting with the template. The 
liquid dispensing is controlled so that a predetermined 
Volume of liquid is deposited on a particular target portion 
of the substrate. The liquid may be dispensed in a variety of 
patterns and the combination of carefully controlling liquid 
Volume and placement of the pattern can be employed to 
confine patterning to the target area. 
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0033 Dispensing the resin on demand as mentioned is 
not a trivial matter. The size and spacing of the droplets are 
carefully controlled to ensure there is sufficient resin to fill 
template features while at the same time minimizing excess 
resin which can be rolled to an undesirably thick or uneven 
residual layer since as soon as neighboring drops touch the 
resin will have nowhere to flow. 

0034. Although reference is made herein to depositing 
UV curable liquids onto a substrate, the liquids could also be 
deposited on the template and in general the same tech 
niques and considerations will apply. 

0035 FIG. 3 illustrates the relative dimensions of the 
template, imprintable material (curable monomer, thermo 
setting resin, thermoplastic, etc) and Substrate. The ratio of 
the width of the substrate, D, to the thickness of the curable 
resin layer, t, is of the order of 10°. It will be appreciated 
that, in order to avoid the features projecting from the 
template damaging the Substrate, the dimension t should be 
greater than the depth of the projecting features on the 
template. 

0036) The residual layer left after stamping is useful in 
protecting the underlying Substrate, but as mentioned herein 
it may also be the Source of a problem, particularly when 
high resolution and/or overlay accuracy is required. The first 
breakthrough etch is isotropic (non-selective) and will thus 
to some extent erode the features imprinted as well as the 
residual layer. This may be exacerbated if the residual layer 
is overly thick and/or uneven. This problem may, for 
instance, lead to variation in the thickness of lines ultimately 
formed in the underlying Substrate (i.e. variation in the 
critical dimension). The uniformity of the thickness of a line 
that is etched in the transfer layer in the second anisotropic 
etch is dependant upon the aspect ratio and integrity of the 
shape of the feature left in the resin. If the residual resin 
layer is uneven, then the non-selective first etch can leave 
some of these features with “rounded' tops so that they are 
not sufficiently well defined to ensure good uniformity of 
line thickness in the second and any Subsequent etch pro 
cess. In principle, the above problem may be reduced by 
ensuring the residual layer is as thin as possible but this can 
require application of undesirably large pressures (possibly 
increasing Substrate deformation) and relatively long 
imprinting times (possibly reducing throughput). 

0037. The template is a significant component of the 
imprint lithography system. As noted herein, the resolution 
of the features on the template Surface is a limiting factor on 
the attainable resolution of features printed on the substrate. 
The templates used for hot and UV lithography are generally 
formed in a two-stage process. Initially, the desired pattern 
is written using, for example, electron beam writing, to give 
a high resolution pattern in resist. The resist pattern is then 
transferred into a thin layer of chrome which forms the mask 
for the final, anisotropic etch step to transfer the pattern into 
the base material of the template. Other techniques such as 
for example ion-beam lithography, X-ray lithography, 
extreme UV lithography, epitaxial growth, thin film depo 
sition, chemical etching, plasma etching, ion etching or ion 
milling could be used. Generally, a technique capable of 
very high resolution will be used as the template is effec 
tively a 1x mask with the resolution of the transferred 
pattern being limited by the resolution of the pattern on the 
template. 
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0038. The release characteristics of the template may also 
be a consideration. The template may, for instance, be 
treated with a surface treatment material to form a thin 
release layer on the template having a low Surface energy (a 
thin release layer may also be deposited on the substrate). 
0039. Another consideration in the development of 
imprint lithography is the mechanical durability of the 
template. The template may be subjected to large forces 
during stamping of the resist, and in the case of hot lithog 
raphy, may also be subjected to extremes of pressure and 
temperature. This may cause wearing of the template, and 
may adversely affect the shape of the pattern imprinted upon 
the substrate. 

0040. In hot imprint lithography, there is a potential 
advantage in using a template of the same or similar material 
to the substrate to be patterned in order to reduce differential 
thermal expansion between the two. In UV imprint lithog 
raphy, the template is at least partially transparent to the 
activation radiation and accordingly quartz templates are 
used. 

0041 Although specific reference may be made in this 
text to the use of imprint lithography in the manufacture of 
ICs, it should be understood that imprint apparatus and 
methods described may have other applications, such as the 
manufacture of integrated optical systems, guidance and 
detection patterns for magnetic domain memories, hard disc 
magnetic media, flat panel displays, thin-film magnetic 
heads, etc. 
0042. While in the description herein, particular refer 
ence has been made to the use of imprint lithography to 
transfer a template pattern to a Substrate via an imprintable 
resin effectively acting as a resist, in some circumstances the 
imprintable material may itself be a functional material, for 
instance having a functionally such as conductivity, optical 
linear or non-linear response, etc. For example, the func 
tional material may form a conductive layer, a semi-con 
ductive layer, a dielectric layer or a layer having another 
desirable mechanical, electrical or optical property. Some 
organic Substances may also be appropriate functional mate 
rials. Such applications may be within the scope of the 
invention. 

0.043 FIG. 4 shows schematically an imprint lithography 
apparatus according to an embodiment, the apparatus com 
prising a template holder 32 configured to hold an imprint 
template 31 over a substrate table 33. A substrate 34 is held 
on the substrate table 33. An optical encoder 35 is attached 
to the template holder 32. 
0044) The substrate 34 is provided with an encoder scale 
36 which comprises a diffraction grating. The diffraction 
grating is reflective. The optical encoder 35 is also provided 
with a diffraction grating 37. For ease of reference, the 
encoder scale 36 provided on the substrate 34 will hereafter 
be referred to as the substrate grating 36, and the diffraction 
grating 37 on the optical encoder 35 will be hereafter 
referred to as the detector grating 37. 
004.5 FIG. 4a shows the optical encoder 35 in more 

detail. The optical encoder 35 comprises a box 38, a low 
ermost end of which is provided with a window 39 which is 
transmissive at a wavelength or wavelengths used for align 
ment. The detector grating 37 is provided as a transparent 
phase grating in the window 39. In an embodiment, the 
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detector grating 37 may be an amplitude grating. A con 
denser lens 40 is located between the detector grating 37 and 
three photodiodes 41. The photodiodes 41 are connected to 
detector electronics 42. 

0046. A radiation source, having a radiation output, 43 is 
fixed to an inside wall of the box 38. Alternatively or 
additionally, radiation may be Supplied to a radiation output 
43 of the encoder 35 from a remote radiation source. A beam 
splitter 44 is located between the condenser lens 40 and the 
photodiodes 41, and is used to direct radiation from the 
radiation source 43 to the detector grating 37. The radiation 
Source 43 is arranged to emit radiation at a wavelength 
Suitable for lithographic alignment, and is for example a 
light emitting diode (LED) which emits radiation at a 
wavelength of 640 nanometers. The emitted radiation is 
shown schematically by a dotted line. It is not necessary that 
the radiation source emits visible light; for example a 
Suitable infrared wavelength may be used. An advantage of 
providing illumination via the beam splitter 44 is that the 
Zero-order of the detected diffraction pattern is eliminated, 
thereby making detection easier (there is no underlying 
background intensity). 
0047. In use, the substrate table 33 is scanned in the 
X-direction (standard Cartesian coordinates are marked onto 
FIG. 4), so that the substrate grating 36 passes underneath 
the detector grating 37. Radiation emitted from the radiation 
source 43 is diffracted on the substrate grating 36. The 
diffracted radiation is incident upon the detector grating 37. 
Because the substrate grating 36 and the detector grating 37 
have slightly different grating periods, the effect of the 
detector grating 37 is to generate a Moiré pattern (also 
known as a beat pattern). A Moiré fringe fundamental period 
is P=(p1*p2)/(p1-p2), where p1 is the period of the detector 
grating and p2 is the period of the Substrate grating. The 
Moiré pattern is focused by the condenser lens 40 and is 
detected by the photodiodes 41. 
0048. The separation between the detector grating 37 and 
the substrate grating 36 is typically of the order of hundreds 
of nanometers. In an embodiment, there are no optical 
components located between the gratings 36,37. This means 
that the detector grating 37 is in the proximity for radiation 
which has been diffracted by the substrate grating 36. This 
is why the combination of the detector grating 37 and the 
Substrate grating 36 causes a Moiré pattern to occur. 
0049. The use of an optical encoderas described above is 
different from conventional alignment systems based upon 
diffraction grating alignment marks, as used in conventional 
optical lithography. In a conventional alignment system, a 
detector grating is located a Substantial distance away from 
a Substrate grating, and there are many optical components 
between them. The optical components form an image of the 
Substrate grating which is projected onto the detector grat 
ing, and the overlap between the image of the Substrate 
grating and the detector grating is used to obtain alignment 
information. No interference between the diffraction grat 
ings takes place. In imprint lithography, it is possible to 
locate an optical encoder very close to a Substrate, some 
thing typically impractical and inconvenient in conventional 
optical lithography apparatus. In addition, an optical encoder 
which uses a Moiré pattern can be used to align an imprint 
template with a substrate. 
0050. The photodiodes 41 are not imaging detectors, but 
instead are conventional photovoltaic cells, each producing 
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a single output signal. The period of the beat pattern is 
known in advance, since the periods of the Substrate grating 
36 and the detector grating 37 are known. The separation 
between the photodiodes 41 is selected accordingly such that 
the Moiré pattern will be correctly detected during move 
ment of the substrate table 33. In particular, the separation 
between the photodiodes 41 is selected so that aliasing of the 
detected signal Substantially will not occur. 

0051 Based upon the detected Moiré signal, the relative 
positions of the substrate 34 and the optical encoder 35 are 
determined. Since the optical encoder 35 is fixed to the 
imprint template holder 32 on which the imprint template 31 
is held, the relative positions of the substrate 34 and the 
imprint template 31 may be determined (i.e. the substrate 34 
and the template 31 are aligned). This allows the imprint 
template 31 to be accurately aligned with patterns already 
present on the substrate 34, thereby allowing multiple layer 
structures to be fabricated. 

0.052 As mentioned above, a typical separation between 
the detector grating 37 of the optical encoder 35 and the 
substrate 34 prior to imprint would be of the order of 
hundreds of nanometers. It could however be anywhere in 
the range of 50 nanometers to 10 microns. For a separation 
of for example, 3 microns, a useful period for the substrate 
grating 36 would be 3.95 microns and a useful period for the 
detector grating 37 would be 3.60 microns. This would give 
a Moiré fringe period of 40 microns, which may be easily 
detected by the photodiodes 41. This will give an alignment 
accuracy of about 100 nm. Alignment accuracy may be 
determined as follows: 

Displacement=(Moiré shift)*(p1)/(p1 p27(p2-p1)) 

0053 where p1 is the period of the detector grating and 
p2 is the period of the Substrate grating, and displacement 
is equivalent to alignment accuracy. The alignment accuracy 
can be seen to depend on how accurately the Moiré shift is 
measured (this is related to the number and position of the 
photodiodes), the magnification factor p1*p2/(p2-p1) (this 
comes from the difference between the periods of the 
detector grating and the Substrate grating), and the period of 
the detector grating p1. The periods of the gratings, and the 
separation between the gratings may be selected as appro 
priate, depending upon the required alignment accuracy. 
Although the above example refers to gratings having peri 
ods of 3.95 microns and 3.60 microns, the gratings could 
have periods of, for example, between 50 nanometers and 10 
microns. 

0054 The output signal provided by the detector elec 
tronics 42 of the optical encoder 35 is likely to comprise a 
sinusoidal signal, or something similar. An absolute refer 
ence is therefore used to determine the position of the 
substrate 34. The absolute reference may comprise a series 
of reference marks (not shown) located next to the substrate 
grating. One form of reference marks that could be used is 
a series of marks, each of which has a unique spacing 
relative to its immediate neighbors. An additional detector 
(not shown) may be used to detect the reference marks, for 
example by Scanning over two or more reference marks and 
determining their separation. 

0.055 The optical encoder may comprise a linear encoder, 
and the encoder Scale may comprise, for example, a Vernier 
pattern or some other suitable linear pattern. It is also 
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possible that the linear encoder and encoder scale be non 
linear, although this may require the use of an appropriate 
non-linear position calculation. Although in the described 
embodiment, the Substrate grating and the detector grating 
have different periods, they may in an alternative embodi 
ment have the same period. 
0056. Optical encoders suitable for implementing an 
embodiment of the invention are available from Heidenhain 
Corporation of Schaumburg, Illinois. 
0057. A separate prior measurement may be needed to 
determine the position of the imprint template 31 in relation 
to the template holder 32. This could, for example, be 
performed when the template 31 is first fixed to the template 
holder 32. 

0058. The described alignment measurement measures 
the relative locations of the substrate 34 and the imprint 
template 31 in the x-direction only. However, an equivalent 
measurement is usually also needed in the y-direction. In 
order to perform this measurement, the optical encoder 35 is 
provided with a detector grating (not shown) arranged in the 
y-direction and the substrate 34 is provided with a substrate 
grating (not shown) arranged in the y-direction. The mea 
Surement in the y-direction is performed in the same manner 
as the measurement in the X-direction. In an arrangement, 
the Substrate grating and the detector grating extend in two 
dimensions, for example in a chess-board like structure, and 
may be used for measurements in the X and y directions. Use 
of these gratings can be extended to also determine rotations. 
0059 Although the substrate grating 36 shown in FIG. 4 

is only marginally longer than the detector grating 37, the 
Substrate grating 36 may in practice be considerably longer 
than this. For example, the Substrate grating may extend 
across the entire Substrate 34. A grid of Substrate gratings 
may be provided, extending in the X and y directions. The 
grid may be conveniently located in scribe lanes, i.e. 
between target areas where dies (IC devices) are to be 
imprinted. The grid allows the location of the substrate, any 
rotation of the Substrate, and any expansion or contraction of 
the substrate to be determined. In addition, the grid allows 
the location, rotation, expansion or contraction of individual 
target areas on the Substrate to be determined. 
0060. In an arrangement, the substrate may be provided 
with a set of shorter Substrate gratings. For example, four 
gratings may be provided at locations spread out across the 
substrate, thereby allowing the location of the substrate, any 
rotation of the Substrate, and any expansion or contraction of 
the substrate to be determined. A larger number of substrate 
gratings may be used in order to increase the precision of the 
measurement of the Substrate. For example, eight Substrate 
gratings (not illustrated) may be provided at spaced apart 
locations on the Substrate, and a Subset of the eight Substrate 
gratings may be used to measure the location of the Sub 
strate, the Substrate gratings being selected on the basis of 
the perceived accuracy of their location (this is sometimes 
referred to as the n-of-m approach). In another arrangement, 
a Substrate grating may be provided for each imprint loca 
tion on the Substrate, so that alignment to the Substrate 
grating may be performed at each imprint location imme 
diately before imprinting. In another arrangement, three 
Substrate gratings may be provided for each imprint location 
on the substrate. This allows magnification errors or other 
errors that have occurred locally at that imprint location to 
be determined before imprinting. 
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0061. In an embodiment, in addition to the detector 
grating, the optical encoder is provided with a further 
grating, the further grating having a longer period than the 
detector grating. 

0062 Although an embodiment has been described and 
illustrated with a Substrate grating 36 (encoder scale) on a 
Substrate 34, the encoder Scale may, in an embodiment, 
comprise a grating (not illustrated) provided on the Substrate 
table 33. A suitable grating may be provided along one side 
of the substrate table in the x-direction and along a different 
side of the substrate table in the y-direction. 

0063 Although an embodiment has been described and 
illustrated with the optical encoder 35 located adjacent to the 
template holder 32, the optical encoder may be provided in 
other positions. For example, in an embodiment (not illus 
trated), an optical encoder without a detector grating may be 
located above the imprint template 31, with a detector 
grating 37 being provided as part of the imprint template 31 
itself (a Suitable opening or window being provided in the 
template holder 32). This has an advantage that an alignment 
measurement is a direct measurement of the location of the 
substrate relative to the imprint template. 

0064. The optical encoder 35 may be used in combination 
with a second different type of alignment sensor. For 
example, an alignment sensor which uses capacitance mea 
Surement to determine alignment may be used to obtain a 
coarse alignment measurement, with the optical encoder 
shown in FIG. 4 providing a fine alignment measurement. A 
Suitable capacitive alignment detector is shown Schemati 
cally in FIG. 5. 

0065 Referring to FIG. 5, a substrate table 33 holds a 
substrate 34 and is provided with an alignment sensor 50 
comprising capacitive sensors 51 connected to detection 
electronics 52. An imprint template 31, held by template 
holder 32, is provided with capacitor plates 53. The capaci 
tive sensors 51 are provided with an electrical charge, and 
the substrate table 33 is then scanned underneath the tem 
plate 31. As a result of this scanning motion, the capacitive 
sensors 51 provide output signals which peak when the 
capacitor plates 53 are located directly over the capacitive 
sensors 51. This measurement provides a coarse alignment 
of the substrate table 33 and the imprint template 31. 
Following the coarse alignment, the alignment sensor 35 
may be used to precisely measure the relative position of the 
template holder 32 with respect to the substrate 34. The 
coarse alignment may be repeated in the y-direction using 
additional capacitive sensors (not shown). 
0.066 The capacitor plates may be provided in the tem 
plate holder 32, instead of, or in addition to, being provided 
in the template 31. 

0067. Although the optical encoder 35 is described as 
using photodiodes 41, it will be appreciated that other 
suitable detectors may be used. For example, the photo 
diodes 41 may be replaced by one or more imaging detectors 
(e.g. charge coupled device array(s)). 

0068 While specific examples of the invention have been 
described above, it will be appreciated that the invention 
may be practiced otherwise than as described. The descrip 
tion is not intended to limit the invention. 
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1. An imprint lithography apparatus comprising a tem 
plate holder configured to hold an imprint template, a 
Substrate table, and an optical encoder, the optical encoder 
having a radiation output, a first diffraction grating, and a 
detector, the radiation output arranged to illuminate a second 
diffraction grating and the detector positioned to detect 
radiation diffracted by the first and second diffraction grat 
ings to provide an alignment signal. 

2. The apparatus according to claim 1, wherein the second 
diffraction grating is located on the Substrate table. 

3. The apparatus according to claim 1, wherein the second 
diffraction grating is located on a Substrate held on the 
substrate table. 

4. The apparatus according to claim 1, wherein the first 
diffraction grating is fixed to the template holder. 

5. The apparatus according to claim 1, wherein the first 
diffraction grating is provided on the imprint template. 

6. The apparatus according to claim 1, wherein the first 
diffraction grating is a transmissive phase grating. 

7. The apparatus according to claim 1, wherein the first 
diffraction grating is an amplitude grating. 

8. The apparatus according to claim 1, wherein the 
radiation output is configured such that radiation emitted 
from the radiation output passes through the first diffraction 
grating before passing to the second diffraction grating. 

9. The apparatus according to claim 1, wherein the 
detector comprises a plurality of spaced apart photodiodes. 

10. The apparatus according to claim 1, wherein the 
period of the second diffraction grating is between 50 
nanometers and 10 microns. 

11. The apparatus according to claim 1, wherein the 
period of the first diffraction grating is between 50 nanom 
eters and 10 microns. 

12. The apparatus according to claim 1, wherein the 
second diffraction grating and the first diffraction grating are 
spaced apart by between 50 nanometers and 10 microns. 

13. The apparatus according to claim 1, wherein in 
addition to the first diffraction grating, the optical encoder is 
provided with a further diffraction grating, the further dif 
fraction grating having a longer period than the first diffrac 
tion grating. 

14. The apparatus according to claim 1, wherein the 
apparatus further comprises an alignment sensor comprising 
capacitive sensors arranged to detect the presence of capaci 
tor plates. 

15. The apparatus according to claim 1, wherein the 
optical encoder is a linear encoder. 

16. The apparatus according to claim 1, wherein the first 
diffraction grating extends in a predetermined direction, and 
the second diffraction grating extends in the same direction. 

17. The apparatus according to claim 1, wherein the first 
diffraction grating and the second diffraction grating both 
extend in two directions. 

18. The apparatus according to claim 1, wherein the 
detected radiation comprises a Moiré pattern. 

19. A method of alignment for an imprint lithography 
apparatus comprising an imprint template and an optical 
encoder having a radiation output, a first diffraction grating, 
and a detector, the method comprising directing radiation 
from the radiation output onto a second diffraction grating, 
and detecting radiation diffracted by the first and second 
diffraction gratings to provide an alignment signal. 
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20. The method according to claim 19, comprising direct- 22. The method according to claim 19, wherein the second 
ing radiation from the radiation output through the first diffraction grating is provided on a Substrate. 
diffraction grating before it is incident upon the second 23. The method according to claim 19, wherein the 
diffraction grating. detected radiation comprises a Moiré pattern. 

21. The method according to claim 19, wherein the second 
diffraction grating is provided on a Substrate table. k . . . . 


