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Lithography Method and Apparatus

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of US provisional application

61/373,506, which was filed on August 13th, 201 0 and which is incorporated herein in

its entirety by reference.

FIELD

[0002] The present invention relates to a lithography method and apparatus.

BACKGROUND

[0003] In lithography, there is an ongoing desire to reduce the size of features in

a lithographic pattern in order to increase the density of features on a given substrate

area. In photolithography, the push for smaller features has resulted in the development

of technologies such as immersion lithography and extreme ultraviolet (EUV)

lithography, which are however rather costly.

[0004] A potentially less costly road to small features (e.g., nanometer sized

features) that has gained increasing interest is so-called imprint lithography, which

generally involves the use of a "stamp" (often referred to as an imprint template or an

imprint lithography template) to transfer a pattern onto a substrate. An advantage of

imprint lithography is that the resolution of the features is not limited by, for example, the

emission wavelength of a radiation source or the numerical aperture of a projection

system. Instead, the resolution is mainly limited to the pattern density on the imprint

lithography template.

[0005] Imprint lithography involves the patterning of an imprintable medium on a

surface of a substrate to be patterned. The patterning may involve bringing together a

patterned surface of an imprint lithography template and a layer of imprintable liquid

medium (e.g., moving the imprint lithography template toward the imprintable medium,

or moving the imprintable medium toward the imprint lithography template, or both) such

that the imprintable medium flows into recesses in the patterned surface and is pushed

aside by protrusions on the patterned surface. The recesses define pattern features of



the patterned surface of the imprint lithography template. Following patterning of the

imprintable medium, the imprintable medium is suitably brought into a non-flowable or

frozen state (i.e. a fixed state), for example by illuminating the imprintable medium with

actinic radiation. The patterned surface of the imprint lithography template and the

patterned imprintable medium are then separated. The substrate and patterned

imprintable medium are then typically processed further in order to pattern or further

pattern the substrate. The imprintable medium may be provided in the form of droplets

on the surface of a substrate to be patterned, but may alternatively be provided using

spin coating or the like.

SUMMARY

[0006] Bringing the imprintable medium into a non-flowable or frozen state, for

example by illuminating the imprintable medium on a location of the substrate with

actinic radiation, provides a heat load to the location of the substrate. This heat load can

have the effect of deforming the substrate, including e.g. the part of the substrate facing

the patterned surface of the imprint lithography template, which is not desirable. For

example, because the part of the substrate facing the patterned surface of the imprint

lithography template is deforming during bringing the imprintable medium into a non-

flowable or frozen state, the position of a point of this part of the substrate displaces

with respect to the patterned surface or the imprint lithography template. This in turn

may lead to a non-optimal or even defective pattern on the substrate.

[0007] It is desirable, for example, to improve the pattern on a substrate.

[0008] In an embodiment, there is provided a method, such as a lithography

method - e.g. an imprint lithography method, comprising limiting or preventing

deformation of a substrate by providing a counterforce to the force promoting the

deformation. In an embodiment the counterforce is provided by heating an area of the

substrate. In an embodiment the force promoting the deformation is caused by heating

an area of the substrate.

[0009] According to an aspect, there is provided a lithography method comprising

providing a first heat load to a first area of an object, providing a second heat load to a

second area of the object, wherein the second heat load is configured to ensure a



deformation of the first area of the object caused by providing both the first heat load

and the second heat load is smaller than a deformation of the first area of the object

caused by providing only the first heat load.

[0010] According to an aspect, there is provided a lithography apparatus

comprising a first heat output configured to provide a first heat load to a first area of an

object, a second heat output configured to provide a second heat load to a second area

of the object to ensure a deformation of the first area of the object caused by providing

both the first heat load and the second heat load is smaller than a deformation of the

first area of the object caused by providing only the first heat load.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Specific embodiments of the invention will be described with reference to

the accompanying figures, in which:

[001 2] Figures 1a and 1b schematically depict examples of, respectively, hot

imprint, and UV imprint lithography;

[0013] Figure 2 schematically depicts an imprint lithography method;

[0014] Figure 3 schematically depicts an imprint lithography method according to

an embodiment of the invention;

[0015] Figure 4 schematically depicts a lithography method according to an

embodiment of the invention;

[0016] Figure 5 depicts finite element method results of providing a first heat load

to a first area of an object;

[0017] Figure 6 depicts finite element method results of providing a second heat

load to a second area of an object;

[0018] Figure 7 depicts finite element method results of providing both the first

heat load of Figure 5 and the second heat load of Figure 6;

[0019] Figure 8 depicts the finite element method results of the first area of the

object of Figures 5 to 7;

[0020] Figure 9 schematically depicts a further lithography method according to

an embodiment of the invention;



[0021] Figure 10 schematically depicts a further lithography method according to

an embodiment of the invention; and

[0022] Figure 11 schematically depicts part of an imprint lithography apparatus

according to an embodiment of the invention.

DETAILED DESCRIPTION

[0023] Examples of approaches to imprint lithography are schematically depicted

in Figures 1a to 1b.

[0024] Figure 1a shows an example of so-called hot imprint lithography (or hot

embossing). In a typical hot imprint process, a template 1 is imprinted into a

thermosetting or a thermoplastic imprintable medium 2, which has been cast on the

surface of a substrate 3 . The imprintable medium 2 may be, for example, resin. The

resin may, for instance, be spin coated and baked onto the substrate surface or, as in

the example illustrated, onto a planarization and transfer layer 4 of the substrate 3 .

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 (crosslink) the resin so that it solidifies and irreversibly adopts the

desired pattern. The template 1 may then be removed and the patterned resin cooled.

In hot imprint lithography employing a layer of thermoplastic polymer resin, the

thermoplastic resin is heated so that it is in a freely flowable state immediately prior to

imprinting with the template 1. It may be necessary to heat a thermoplastic resin to a

temperature considerably above the glass transition temperature of the resin. The

template is pressed into the flowable resin and then cooled to below its glass transition

temperature with the template 1 in place to harden the pattern. Thereafter, the template

1 is removed. The pattern will consist of the features in relief from a residual layer of the

imprintable medium which may then be removed by an appropriate etch process to

leave only the pattern features. Examples of thermoplastic polymer resins used in hot

imprint lithography processes are poly (methyl methacrylate), polystyrene, poly (benzyl

methacrylate) or poly (cyclohexyl methacrylate). For more information on hot imprint,

see e.g. U.S. Patent No. 4731 155 and U.S. Patent No. 5772905.



[0025] Figure 1b shows an example of UV imprint lithography, which involves the

use of a transparent or translucent template which is transmissive to UV and a UV-

curable liquid as imprintable medium (the term "UV" is used here for convenience but

should be interpreted as including any suitable actinic radiation for curing the

imprintable medium). UV curable liquids are often less viscous than the thermosetting

and thermoplastic resins used in hot imprint lithography and consequently may move

much faster to fill template pattern features. A quartz imprint template 5 is applied to a

UV-curable imprintable medium 6 in a similar manner to the process of Figure 1a .

However, instead of using heat or temperature cycling as in hot imprint, the pattern is

solidified by curing the imprintable medium 6 with UV radiation 7 that is applied through

the quartz imprint template 5 onto the imprintable medium 6 . After removal of the

template 5, the imprintable medium 6 is etched. A particular manner of patterning a

substrate through UV imprint lithography is so-called 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 in IC manufacture. For more information on UV

imprint, see e.g. U.S. Patent Application Publication No. 2004-01 24566, U.S. Patent No.

6334960, PCT Patent Application Publication No. WO 02/067055, and the article by J.

Haisma entitled "Mold-assisted nanolithography: A process for reliable pattern

replication", J. Vac. Sci. Technol. B 14(6), Nov/Dec 1996.

[0026] Combinations of the above imprint techniques are possible. See, e.g., U.S.

Patent Application Publication No. 2005-0274693, which mentions a combination of

heating and UV curing an imprintable medium.

[0027] Figure 2a and Figure 2b also relate to UV imprint. The imprint template 5

contacts the imprintable medium 6 provided on the substrate 3 . Figure 2a shows the

situation at t = 0, that is the moment in time UV radiation 7 is started to be provided to

cure the imprintable medium 6 . Also shown are two points on the substrate, A and B,

which are separated from each other by a distance x . Figure 2b shows the situation at a

later instant in time (t = t-i) when UV radiation 7 is still being provided to cure the

imprintable medium 6 . As can be seen points A and B have moved further away from

each other by a distance ∆ χ (∆ χ > 0 in this case) compared to the situation at t = 0 . This

is caused by the heat load provided by the UV radiation 7 to the substrate 3 which



deforms the substrate 3 . It will be clear that not only points A and B of the substrate 3

displace with respect to the patterned surface of the imprint template 5 . For example,

points of the substrate between points A and B displace with respect to the patterned

surface of the imprint template 5 going from t = 0 to t = t-i. This may lead to a non-

optimal or even a defective pattern on the substrate. For example, going from t = 0 to t =

ti, the imprintable medium 6 is being cured by the UV radiation 7 . During the curing

process the imprintable medium solidifies. As the patterned surface of the imprint

template 5 and the part of the substrate 3 facing this patterned surface displace with

respect to each other during the time the imprintable medium 6 solidifies, pattern

features being formed in the imprintable medium 6 from t = 0 onwards may break, which

is undesirable. Although the problem is only described with respect to one direction,

which is in the A-B direction, it will be clear that the problem may also be present in

another direction, which is in the direction perpendicular to the A-B direction and parallel

to the surface of the substrate 3 . More generally, the problem may be present in all

directions parallel to the surface of the substrate 3 .

[0028] In an embodiment of the invention, there is provided a method of limiting

or preventing the substrate deformation by providing a counterforce to the force

promoting deformation. Figure 3 shows schematically an imprint lithography method

according to an embodiment of the invention. Again an imprint template 5, imprintable

medium 6, substrate 3, and UV radiation 7 are shown. As in Figure 2, the energy from

UV radiation 7 promotes deformation of the substrate. However, compared to Figure 2,

additional UV radiation 9 is shown. Figure 3 shows the situation at t = t-i. Similar to

Figure 2 also in this case at t = 0 UV radiation 7 is started to be provided to cure the

imprintable medium 6 . Figure 3 shows the situation at t = t-i, thus the same amount of

time after t = 0 as is the case with respect to the situation shown in Figure 2b. As can be

seen from Figure 3, at t = ti the distance between points A and B (same points on

substrate as described with respect to Figure 2) is closer to the distance between points

A and B at t = 0 than is the case for the situation shown in Figure 2b. This is due to the

deforming effect the additional UV radiation 9 has on the part of the substrate 3 facing

the patterned surface of the imprint template 5 . This will be further described hereafter.

The deformation of the substrate facing the patterned surface of the imprint template 5



as shown in Figure 3 is smaller compared to the situation as shown in Figure 2b. From

this it is clear that applying the additional UV radiation 9 may lead to a more optimal

and/or less defective pattern on the substrate 3 and thus an improved pattern on the

substrate 3 .

[0029] Figure 4 shows schematically a lithography method, for example an

imprint lithography method, to be performed with a lithography apparatus, for example

an imprint lithography apparatus, according to an embodiment of the invention. The

method comprises providing a first heat load 107 to a first area 103 of an object 10 1 ,

providing a second heat load 109 to a second area 105 of the object 10 1 , wherein the

second heat load 109 is configured to ensure a deformation of the first area 103 of the

object 10 1 caused by providing both the first heat load 107 and the second heat load

109 is smaller than a deformation of the first area 103 of the object 10 1 caused by

providing only the first heat load 107. The object 10 1 may be, for example, a substrate

(see substrate 3 in Figure 3). The first area 103 may be the part of the substrate

illuminated by UV radiation (see substrate 3 and radiation 7 in Figure 3), that is,

normally, the part of the substrate facing the patterned surface of the imprint template

(see substrate 3 and template 5 in Figure 3). The second area 105 may be the part of

the substrate illuminated by additional UV radiation (see substrate 3 and additional

radiation 9 in Figure 3). The first heat load 107 may be the heat load provided by the UV

radiation (to solidify the imprintable medium; see imprintable medium 6 and radiation 7

in Figure 3). The second heat load 109 may be the heat load provided by the additional

UV radiation (see additional radiation 9 in Figure 3). The principle as described with

respect to the embodiment of the invention as shown in Figure 3 also holds for the

situation shown in Figure 4 . That is, by applying the second heat load 109 it is ensured

a deformation of the first area 103 of the object 10 1 caused by providing both the first

heat load 107 and the second heat load 109 is smaller than a deformation of the first

area 103 of the object 10 1 caused by providing only the first heat load 107.

[0030] Use is made of a finite element method (FEM) calculation using transient

thermo-mechanical analysis. Figure 5a shows a temperature profile of a square object

directly after having been provided with a first heat load for 1 second. The thermo-

mechanical properties of the object used in the calculations resemble the thermo-



mechanical properties of a lithography substrate. The shape of the first area of the

object which is provided with the first heat load resembles the shape of a mesa of an

imprint template. The first area is in this particular case 26 by 33 mm (see the rectangle

in the middle of Figure 5b for the shape of the first area). The intensity of the first heat

load is 1 watt which is typical for imprint lithography. Figure 5b and Figure 5c show the

resulting deformation of the object in X (left-right) and Y (top-bottom) directions

respectively. The deformation shown is the deformation after 1 second, which is the

deformation of the object directly after having been provided with the first heat load for 1

second. As the region of interest is the first area Figures 5d and 5e show the

deformation in X and Y respectively of this first area in close-up. As can be seen the

maximum deformation of the object in the first area is 2.1 1 nm, which is considerable in

nano-technology.

[0031] Figures 6 a to e show the same type of information as Figures 5 a to e,

however in the case of Figure 6 not a first heat load is provided to the first area, but a

second heat load is provided to the second area (the first heat load of Figure 5 is not

provided). This second area is schematically visualized as 109 in Figure 4 . In this

particular case the outer border of the second area is 52 by 66 mm and the inner border

of the second area is 26 by 33 mm. The intensity of the second heat load is 7.5 watts.

Again the results are shown after 1 second, which is directly after having been provided

with the second heat load for 1 second. From Figures 6 b and c, but especially from

Figures 6 d and e it can be seen that the deformation in the relevant first area of the

object caused by providing the second heat load to the second area is opposite in

direction to the direction of deformation caused by providing the first heat load to the

first area (also see Figures 5 d and e).

[0032] Figures 7 a to e show again the same type of information as Figures 5 a to

e and Figures 6 a to e, however in this case both the first heat load is provided to the

first area and the second heat load is provided to the second area. This situation of

providing both the first and second heat loads demonstrates the positive effect of the an

embodiment of invention. From Figures 7 b and c but especially from Figures 7 d and e

it can been seen that the deformation in the relevant first area of the object in this case

is much smaller than the deformation as shown in Figures 5 d and e . The maximum



deformation is reduced from 2.1 1 nm to about 0.7 nm, which is a considerable

decrease. This is achieved by providing a second heat load which is configured to

ensure a deformation of the first area of the object caused by providing both the first

heat load and the second heat load is smaller than a deformation of the first area of the

object caused by providing only the first heat load. It should be noted that even better

results may be achieved by optimizing the shape of the second area and the intensity

and timing of the second heat load. Although the results are only shown after 1 second

(that is, directly after having been provided with the first and second heat loads for 1

second, wherein the first and second heat loads are provided simultaneously), the

positive effect of providing the second heat load on the deformation of the first area is

also present at other relevant instants in time.

[0033] Figure 8 shows an overview of the aforementioned results in the first area

of the object.

[0034] Although an embodiment of the invention is described above with

reference to an object in the context of a substrate (e.g. wafer) for imprint lithography,

an embodiment of the invention is similarly applicable to other areas, e.g. an imprint

template, a reticle, or any other suitable object being provided with a first heat load.

[0035] In case the object is a reticle (a reticle is an object often used in optical

lithography) the first area (see first area 103 of Figure 4) can be seen as the illuminated

area of the reticle. For example, the area of the reticle with the features to be projected

onto a substrate. The second area may be, for example, similar to the second area 105

shown in Figure 4, the object 10 1 being a reticle (although the object shown in Figure 4

is a circle, normally a reticle is rectangular). The first heat load may be a beam of

radiation illuminating the reticle. The second heat load is a heat load configured to

ensure a deformation of the first area of the reticle caused by providing both the first

heat load and the second heat load is smaller than a deformation of the first area of the

reticle caused by providing only the first heat load.

[0036] As mentioned the object may be an imprint template. It may be relevant to

apply an embodiment of the invention on the imprint template for example in case the

deformation of the first area of the imprint template by providing a first heat load is

larger than the deformation of the first area of the substrate by providing the first heat



load. Whether this is the case depends on particular circumstances like the thermo-

mechanical characteristics of the imprint template and underlying substrate. Also, if the

substrate is placed on burls it may also depend on the stiffness of these burls. If the

object is an imprint template the first area may be the area of the imprint template

illuminated by UV radiation. Thus normally the area of the imprint template with the

pattern features, for example the mesa of the imprint template. The second area may

be, for example, similar to the second area 105 shown in Figure 4, the object 10 1 being

an imprint template (although the object shown in Figure 4 is a circle, normally an

imprint template is rectangular). The first heat load may be UV radiation illuminating the

pattern features of the imprint template. The second heat load is a heat load configured

to ensure a deformation of the first area of the imprint template caused by providing

both the first heat load and the second heat load is smaller than a deformation of the

first area of the imprint template caused by providing only the first heat load. In the case

the object is an imprint template, an embodiment of the invention may be applied in

conjunction with adapting the shape (deformation) of the imprint template using one or

more template actuators.

[0037] It will be clear that an embodiment of the invention is similarly applicable in

case the object 10 1 is a substrate in an optical lithography tool.

[0038] The second area 105 of the object 10 1 may or may not surround the first

area 103 of the object 10 1 . An advantage of the second area 105 surrounding the first

area 103 (see the embodiment of Figure 4) may be that the positive effect of the second

heat load 109 on the deformation of the first area 103 of the object 10 1 is present in

more or all directions in the plane of the object.

[0039] The first area 103 and second area 105 of the object 10 1 may or may not

be spaced apart. In the embodiment shown in Figure 4 the areas are spaced apart. An

advantage of the areas being spaced apart may be that the second heat load 109 has

less influence on the temperature of the first area 103 of the object 10 1 . It will be clear

this does not mean that the impact of the second heat load 109 on the deformation of

the first area 103 of the object 10 1 is not present. An advantage of the areas not being

spaced apart may be the advantageously deforming impact of the second heat load 109



on the first area 103 of the object 10 1 is larger and/or present at a lower intensity level

of the second heat load.

[0040] The second area 105 of the object 10 1 may or may not be concentric with

the first area 103 of the object 10 1 . An advantage of the second area 105 of the object

10 1 being concentric with the first area 103 of the object 10 1 may be that the positive

effect of the second heat load 109 on the deformation of the first area 103 is more

evenly distributed across the first area 103.

[0041 ] In an embodiment the second area 105 of the object 10 1 has an outer and

an inner border and the first area 103 of the object 10 1 has a border (optionally an inner

and outer border). In this embodiment the shape of both the outer and inner border of

the second area 105 of the object 10 1 are substantially similar to the shape of the

border of the first area 103 of the object 10 1 (see for example Figure 4). In another

example the first area 103 is circular and the second area 105 has the shape of a

circular strip surrounding the circular first area 103. In a further example the first area

103 has a square shape and the second area 105 has a shape with at least two axes of

symmetry, for example two or four, surrounding the first area 103. In an embodiment the

axes of symmetry of the square first area 103 coincide with the axes of symmetry of the

second area 105. In a further example the first area 103 has a circle-symmetric shape

and the second area 105 also has a circle-symmetric shape surrounding the first area

103. An advantage of the shapes of the borders/areas being similar may be that it

further (inherently) improves the positive effect of the second heat load 109 on the

deformation of the first area 103 of the object 10 1 .

[0042] In an embodiment the object 10 1 is a substrate 3 in an imprint lithography

apparatus where the mesa of the imprint template 5 is rectangular (for example 26 by

33 mm). In this situation the first area 103 of the object 10 1 may be substantially

rectangular. It may be advantageous if the second area 105 of the object 10 1 also has a

substantially rectangular outer and inner border, wherein the outer and inner borders of

the second area 105 of the object 10 1 are substantially concentric with respect to each

other. More generally, it may be advantageous if the outer and inner borders of the

second area 105 of the object 10 1 are substantially concentric with respect to each

other.



[0043] Besides the positioning and shape of the second area 105 and the first

area 103 of the object 10 1 also the timing of providing the second heat load 109 and the

first heat load 107 has an impact on the resulting deformation of the first area 103 of the

object 10 1 .

[0044] In an embodiment the period in time of providing the second heat load 109

at least partly overlaps with the period in time of providing the first heat load 107. This

may be advantageous as the undesirable deformation of the first area 103 of the object

10 1 caused by providing the first heat load 107 does not occur earlier than the moment

in time of actually starting to provide the first heat load 107. A good correlation between

the timing of providing the first heat load 107 and providing the second heat load 109

(with its positive effect on the deformation of the first area 103 of the object 10 1) may be

advantageous. This correlation is provided by having at least a partial overlap between

the period in time of providing the second heat load 109 and the period in time of

providing the first heat load 107.

[0045] In an embodiment, the period in time of providing the second heat load

109 starts before the period in time of providing the first heat load 107. The undesirable

deformation of the first area 103 of the object 10 1 caused by providing the first heat load

107 does not start earlier than the moment in time of actually starting to provide the first

heat load 107. However, it may be advantageous to start the period in time of providing

the second heat load 109 before the period in time of providing the first heat load 107.

This may be the case as it may take some time for the second heat load 109 to have a

deforming effect in the first area 103. Also, it may take some time for the second heat

load 109 to have enough deforming effect in the first area 103. Also, by starting earlier

with providing the second heat load 109 the intensity of the second heat load 109 may

possibly be decreased as there is more time to build up the desirable effect of the

second heat load 109 on the deformation of the first area 103 of the object 10 1 . A lower

intensity level of the second heat load 109 may be advantageous for numerous

reasons. For example, there may be no need for a high intensity second heat load

source. Also, there may be fewer restrictions on the thermal damage tolerance of the

object.



[0046] In an embodiment, the period in time of providing the second heat load

109 substantially corresponds to the period in time of providing the first heat load 107.

This may be advantageous if, for example, the correlation in time between providing the

first heat load 105 and the deformation of the first area 103 of the object 10 1 caused by

this first heat load 103 substantially corresponds to the correlation in time between

providing the second heat load 109 and the deformation of the first area 103 of the

object 10 1 caused by this second heat load 109.

[0047] In an embodiment, the period in time the deformation of the first area 103

of the object 10 1 caused by providing both the first heat load 107 and the second heat

load 109 is smaller than a deformation of the first area 103 of the object 10 1 caused by

providing only the first heat load 107 corresponds to the period in time a pattern is being

fixed by the lithography method. This may be advantageous as the positive effect of the

second heat load 109 on the deformation of the first area 103 of the object 10 1 is now

present at a highly relevant period in time, which is when a pattern is being fixed by the

lithography method. In case the lithography method is an imprint lithography method

this helps ensure the positive effect is, for example, present during the time the

imprintable medium solidifies.

[0048] In an embodiment the object 10 1 is a substrate 3 or an imprint template 5

and the period in time the deformation of the first area 103 of the object 10 1 caused by

providing both the first heat load 107 and the second heat load 109 is smaller than a

deformation of the first area 103 of the object 10 1 caused by providing only the first heat

load 107 ends on or after separating the imprint template 5 and substrate 3 . This may

be advantageous if the period would end before separating the imprint template 5 and

substrate 3 since the pattern features formed by the imprint lithography method might

undesirably deform. This may also be the case if the period ends after the pattern is

being fixed by the imprint lithography method, but before the imprint template 5 and

substrate 3 are separated.

[0049] In an embodiment the intensity of the second heat load 109 is between

0.1 and 100, between 0.5 and 20, or between 2 and 10 times the intensity of the first

heat load 107. A high second heat load 109 may have as an advantage that its effect on

the deformation of the first area 103 is bigger. An advantage of a high second heat load



109 may be that the second area 105 may be smaller. An advantage of a low second

heat load 109 may be that only a low second heat load source is required. An

advantage of a low second heat load 109 may be that damage to, for example, the

object 10 1 (e.g. imprint template, substrate, reticle) is less likely and/or there are less

stringent thermal requirements for hardware coming into contact with the second heat

load 109.

[0050] Providing the second heat load 109 to the second area 105 of the object

10 1 can be achieved in various ways. For example, the second heat load 109 may be

provided by a beam of radiation from a heat output (e.g., an opening or a mask as

described below). This beam of radiation may or may not originate from a radiation

source also used for curing imprintable medium or illuminating a reticle. An advantage

of a dedicated radiation source to provide the second heat load 109 may be that it

provides more flexibility in the intensity of the second heat load 109 and/or wavelength

of the beam of radiation to provide the second heat load 109. An advantage of a

dedicated radiation source may be more flexibility in the timing of providing the second

heat load 109. An advantage of using a single radiation source may be that, although

there may be less flexibility in timing, there may be an inherent connection in time

between providing the first heat load 107 and the second heat load 109, thus providing

a stable system.

[0051] In case the second heat load 109 is provided by a beam of radiation

provided by a radiation source, a desired shape of the second heat load 109 may be

obtained by placing a mask between the radiation source and object 10 1 . This mask

may block part of the beam of radiation from the radiation source giving the shape of the

second heat load 109. In case it is desired to change the shape of the second heat load

109 this may be achieved by using an adaptable mask. It may be desirable to change

the shape of the second heat load 109 depending on the location of the first area 103

on the object 10 1 (for example, closer to the center of the object or closer to an edge).

[0052] The beam of radiation to provide the second heat load 109 may be filtered

extreme ultraviolet (EUV) radiation. The beam of radiation to provide the second heat

load 109 may be non-actinic radiation. Using non-actinic radiation may be

advantageous as, for example, in case of imprint lithography part of the second area



105 may be provided with imprintable medium. By using non-actinic radiation, curing of

the imprintable medium present on the second area 105 (without any effective pattern)

due to the application of the second heat load 109 to the second area 105 may be

prevented. It should be noted that in practice it may also be the case that uncured

imprintable medium is only present on the first area 103, which is the area to be

imprinted next. In an embodiment, the second heat load 109 is provided by a heated

gas.

[0053] Figure 9 schematically shows an embodiment of the invention in which the

object 10 1 is a substrate and the lithography method further comprises, after providing

the first heat load 107 and the second heat load 109, providing a third heat load 115 to

a third area 111 of the substrate and a fourth heat load 117 to a fourth area 113 of the

substrate in a similar manner as providing the first heat load 107 and the second heat

load 109 respectively, wherein the third area 111 of the substrate is positioned with

respect to the first area 103 and second area 105 to limit the effect of the first heat load

107 and the second heat load 109 on the third area 111 of the substrate. Thus, the

correlation between the first heat load 107 and the second heat load 109, for example

the positioning of the first area 103 and the second area 105 with respect to each other,

is similar to the correlation between the third area 111 and the fourth area 113 . To limit

the effect of the first heat load 107 and the second heat load 109 on the third area 111

of the substrate, the third area 111 of the substrate may be spaced relatively far away

from the first area 103 and second area 105 of the substrate (see for example the

embodiment of Figure 9). It will be clear that an advantage of limiting the effect, for

example substrate deformation, of the first heat load 107 and the second heat load 109

on the third area 111 of the substrate may be an improved pattern at the third area 111.

The aforementioned may be repeated multiple times, for example by providing a fifth

heat load to a fifth area of the substrate and a sixth heat load to a sixth area of the

substrate in a similar manner as providing the first (and/or third) and second (and/or

fourth) heat load respectively, wherein the fifth area of the substrate is positioned with

respect to the first area 103 / second area 105 and third area 111 fourth area 113 to

limit the effect of the first 107, second 109, third 115 and fourth 117 heat loads on the



fifth area of the substrate. The spacing may be 2 times, 3 times, 4 times or more the

minimum width of first area 103.

[0054] Figure 10 schematically shows an embodiment of the invention wherein

the second area 105 of the object 10 1 comprises two spaced apart subareas each

located at different opposite sides of the first area 103 of the object 10 1 . This

embodiment may be advantageous in case the positive effect described above on the

deformation of the first area 103 of the object 10 1 should be present in a single

direction, that is in the direction going from one of the two spaced apart subareas of the

second area 105 to the other of the two spaced apart subareas of the second area 105.

In this case the second area 105 and the second heat load 109 may be optimized with

this single direction in mind, possibly leading to better results in this single direction.

Also, the amount of heat load provided by the second heat load 109 to the object 10 1

may be lower compared to the case where the positive effect described above is

desired in more directions in the plane of the object, for example in the case shown in

Figure 4, which may be advantageous.

[0055] In an embodiment of the invention the lithography method further

comprises before providing the first heat load 107 and the second heat load 109,

calculating a shape (e.g., optimal shape) of the second area 105 of the object 10 1 and

an intensity profile (e.g., optimal intensity profile) of the second heat load 109 based on

at least a shape of the first area 103 of the object 10 1 and an intensity profile of the first

heat load 107. The calculations may be performed using a thermo-mechanical finite

element method. Using a finite element method various shapes of the second area 105

of the object 10 1 and various intensity profiles of the second heat load 109 can be tried

to get to an optimal shape and intensity profile.

[0056] According to an embodiment, the object 10 1 is a substrate and the

lithography method is an imprint lithography method. The method further comprises

before providing the first heat load 107 and the second heat load 109, bringing an

imprint template into contact with imprintable medium provided on the first area 103 of

the substrate; and after providing the first heat load 107 and the second heat load 109,

separating the imprint template and substrate, wherein providing the first heat load 107

to the first area 103 of the substrate comprises solidifying the imprintable medium.



[0057] According to an embodiment, the object 10 1 is a substrate and the

lithography method is an optical lithography method. In the optical lithography method

providing the first heat load 107 to the first area 103 of the substrate comprises

projecting a patterned beam of radiation onto the first area 103 of the substrate.

[0058] A lithography apparatus according to an embodiment comprises a first

heat output (e.g., a first heat source) configured to provide a first heat load 107 to a first

area 103 of an object 10 1 ; and a second heat output (e.g., second heat source)

configured to provide a second heat load 109 to a second area 105 of the object 10 1 to

ensure a deformation of the first area 103 of the object 10 1 caused by providing both

the first heat load 107 and the second heat load 109 is smaller than a deformation of the

first area 103 of the object 10 1 caused by providing only the first heat load 107. In case

the lithography apparatus is an imprint lithography apparatus and the object is a

substrate, the second heat output or source may be an array of LEDs 201 . See, for

example, Figure 11 where the array of LEDs 201 is attached to the imprint template

10 1 .

[0059] As discussed with reference to Figures 5 to 8, by providing a basic second

heat load 109 to a second area 105 of the object 10 1 (basic meaning a straightforward

shape of the second heat load 109, i.e., a straightforward shape of the second area

105, a straightforward intensity profile of the second heat load 109, and a

straightforward timing of providing the second heat load 109), a deformation of the first

area 103 of the object 10 1 caused by providing both the first heat load 107 and the

second heat load 109 should be smaller than a deformation of the first area 103 of the

object 10 1 caused by providing only the first heat load 107. Various methods can be

used to determine how to provide the second heat load 109 to the second area 105 of

the object 10 1 . Mentioned finite element methods can be used to, for example,

determine the shape of the second area 105 and/or the intensity of the second heat

load 109 and/or the timing of providing the second heat load 109. Another method is

actual real life testing. For example in the case of imprint lithography, a lot of imprints

may be performed before a single substrate is fully imprinted. By changing the

mentioned shape, intensity and/or timing over the various imprints and inspecting the

resulting imprinted patterns afterwards, a desired shape, intensity and/or timing can be



determined. Of course it is also possible to combine finite element methods with real life

testing.

[0060] Although embodiments of the invention have referred to the use of actinic

radiation to cure the imprintable medium, the imprintable medium may be cured using

any suitable curing mechanism. The imprintable medium may be solidified using a

mechanism other than curing.

[0061] Features of one or more of the above described embodiments of the

invention may be combined together.

[0062] An embodiment of the present invention relates to a lithography apparatus

and method. The apparatus and/or method may be used for the manufacture of

devices, such as electronic devices and integrated circuits or 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, organic light emitting diodes, etc.

[0063] In this specification, the term "substrate" is meant to include any surface

layers forming part of the substrate, or being provided on another substrate, such as

planarization layers or anti-reflection coating layers.

[0064] In the above embodiments, a single imprint template, a single imprint

template holder, a single substrate holder and a single substrate is provided in a single

chamber. In other embodiments, more than one imprint template, more than one imprint

template holder, more than one substrate holder, and/or more than one substrate may

be provided in one or more chambers, in order for imprints to be undertaken more

efficiently or quickly (e.g. in parallel). For example, in an embodiment, there is provided

an apparatus that includes a plurality (e.g. 2, 3 , or 4) of substrate holders. In an

embodiment, there is provided an apparatus that includes a plurality (e.g. 2, 3 , or 4) of

imprint template arrangements. In an embodiment, there is provided an apparatus

configured to use one template holder arrangement per substrate holder. In an

embodiment, there is provided an apparatus configured to use more than one template

holder arrangement per substrate holder. In an embodiment, there is provided an

apparatus that includes a plurality (e.g. 2, 3 , or 4) of imprintable medium dispensers. In

an embodiment, there is provided an apparatus that includes a plurality (e.g. 2, 3 , or 4)



of liquid (e.g., water) dispensers (e.g. print heads). In an embodiment, there is provided

an apparatus configured to use one imprintable medium dispenser per substrate holder

and/or one liquid dispensing print head per substrate holder. In an embodiment, there is

provided an apparatus configured to use one imprintable medium dispenser per imprint

template arrangement and/or one liquid dispensing print head per substrate holder. In

an embodiment, where an apparatus is provided that includes a plurality of substrate

holders, the substrate holders may share functionalities in the apparatus. For instance,

the substrate holders may share a substrate handler, a substrate cassette, a gas supply

system (e.g. including apparatus arranged to mix water vapor with the gas), an

imprintable medium dispenser, and/or a radiation source (e.g., for curing the imprintable

medium). In an embodiment, two or more of the substrate holders (e.g. 3 or 4) share

one or more functionalities of the apparatus (e.g. 1, 2, 3 , 4, or 5 functionalities). In an

embodiment, one or more functionalities (e.g. 1, 2, 3 , 4, or 5) of the apparatus are

shared among all substrate holders.

[0065] The described and illustrated embodiments are to be considered as

illustrative and not restrictive in character, it being understood that only the preferred

embodiments have been shown and described and that all changes and modifications

that come within the scope of the invention as defined in the claims are desired to be

protected. It should be understood that while the use of words such as "preferable",

"preferably", "preferred" or "more preferred" in the description suggest that a feature so

described may be desirable, it may nevertheless not be necessary and embodiments

lacking such a feature may be contemplated as within the scope of the invention as

defined in the appended claims. In relation to the claims, it is intended that when words

such as "a," "an," "at least one," or "at least one portion" are used to preface a feature

there is no intention to limit the claim to only one such feature unless specifically stated

to the contrary in the claim.

[0066] Although the problem and an embodiment of the invention is mainly

described with imprint lithography in mind (the object being an imprint template and/or

substrate), it will be clear, also from the above, that an embodiment of the invention is

also or alternatively applicable for optical lithography (the object being a reticle and/or

substrate) and generally for lithography (the object being any relevant object).



CLAIMS

1. A lithography method comprising:

providing a first heat load to a first area of an object;

providing a second heat load to a second area of the object;

wherein the second heat load is configured to ensure a deformation of the first

area of the object caused by providing both the first heat load and the second heat load

is smaller than a deformation of the first area of the object caused by providing only the

first heat load.

2 . The lithography method of claim 1, wherein the object is a substrate, an imprint

template, or a reticle.

3 . The lithography method of any preceding claim, wherein the second area

surrounds the first area.

4 . The lithography method of any preceding claim, wherein the first and second

areas are spaced apart.

5 . The lithography method of any preceding claim, wherein the second area is

concentric with the first area.

6 . The lithography method of any preceding claim, wherein the second area has an

outer and an inner border and the first area has a border, wherein the shape of both the

outer and inner borders of the second area are substantially similar to the shape of the

border of the first area.

7 . The lithography method of any preceding claim, wherein the second area has a

substantially rectangular outer and inner border, wherein the outer and inner border of

the second area are substantially concentric with respect to each other.



8 . The lithography method of any preceding claim, wherein the period in time of

providing the second heat load at least partly overlaps with the period in time of

providing the first heat load.

9 . The lithography method of any preceding claim, wherein the period in time of

providing the second heat load starts before the period in time of providing the first heat

load.

10 . The lithography method of any of claims 1 to 8, wherein the period in time of

providing the second heat load substantially corresponds to the period in time of

providing the first heat load.

11. The lithography method of any preceding claim, wherein the period in time the

deformation of the first area caused by providing both the first heat load and the second

heat load is smaller than a deformation of the first area caused by providing only the

first heat load corresponds to the period in time a pattern is being fixed by the

lithography method.

12 . The lithography method of any preceding claim, wherein the object is a substrate

or an imprint template and the period in time the deformation of the first area caused by

providing both the first heat load and the second heat load is smaller than a deformation

of the first area caused by providing only the first heat load ends on or after separating

the imprint template and substrate.

13 . The lithography method of any preceding claim, wherein the intensity of the

second heat load is between 0.1 and 100, between 0.5 and 20, or between 2 and 10

times the intensity of the first heat load.

14 . The lithography method of any preceding claim, wherein the second heat load is

provided by a beam of radiation.



15 . The lithography method of claim 14, wherein the beam of radiation is filtered EUV

radiation.

16 . The lithography method of claim 14 or claim 15, wherein the beam of radiation is

non-actinic radiation.

17 . The lithography method of any of claims 1 to 13, wherein the second heat load is

provided by a heated gas.

18 . The lithography method of any preceding claim, wherein the object is a substrate

and the method further comprises, after providing the first and second heat loads,

providing a third heat load to a third area of the substrate and a fourth heat load to a

fourth area of the substrate in a similar manner as providing the first and second heat

loads respectively, wherein the third area is positioned with respect to the first and

second areas to limit the effect of the first and second heat loads on the third area.

19 . The lithography method of any of claims 1, 2, 4, 8 to 18, wherein the second area

comprises two spaced apart subareas each located at different opposite sides of the

first area.

20. The lithography method of any preceding claim, further comprising before

providing the first and second heat loads, calculating a shape of the second area and an

intensity profile of the second heat load based on at least a shape of the first area and

an intensity profile of the first heat load.

2 1 . The lithography method of claim 20, wherein the calculating the shape of the

second area and the intensity profile of the second heat load is performed using a finite

element method.



22. The lithography method of any preceding claim, wherein the object is a substrate

and the lithography method is an imprint lithography method, the method further

comprising:

before providing the first and second heat loads, bringing an imprint template into

contact with imprintable medium provided on the first area; and

after providing the first and second heat loads, separating the imprint template

and substrate,

wherein providing the first heat load to the first area comprises solidifying the

imprintable medium.

23. The lithography method according to any of claims 1 to 2 1 , wherein the object is

a substrate, the lithography method is an optical lithography method, and providing the

first heat load to the first area comprises projecting a patterned beam of radiation onto

the first area.

24. A lithography apparatus comprising:

a first heat output configured to provide a first heat load to a first area of an

object;

a second heat output configured to provide a second heat load to a second area

of the object to ensure a deformation of the first area of the object caused by providing

both the first heat load and the second heat load is smaller than a deformation of the

first area of the object caused by providing only the first heat load.
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