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CLAIMS 

 

1. A lithographic apparatus comprising: 

 a radiation beam conditioning system configured to condition a beam of radiation, 

wherein the radiation beam conditioning system comprises an optical element and an actuator 

system arranged to control a position of the optical element, the actuator system comprising: 

  first and second actuating elements, each having a first end connected to the base 

and a second end connected to the optical element, the first actuating element comprising first 

and second sections of material that are joined to each other with both sections extending from 

the first end to the second end of the actuating element, and  the second actuating element 

comprising third and fourth sections of material that are joined to each other with both sections 

extending from the first end to the second end of the actuating element, and 

  at least one power supply, configured to provide heat to the first and second 

actuating elements, the at least one power supply controlling the heat provided to the first 

actuating element independently from the heat provided to the second actuating element, 

wherein: 

   the optical element is set apart from the base in a first direction, 

   the coefficient of thermal expansion of the first section of material is 

different from that of the second section of material, 

   the coefficient of thermal expansion of the third section of material is 

different from that of the fourth section of material, and 

   the first and second actuating elements are each configured such that, if 

the temperature of the actuating element increases from a nominal working temperature, the 
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actuating element applies a force to the optical element to be actuated that is parallel to a second 

direction, perpendicular to the first direction, such that the force applied by the first actuating 

element when its temperature increases is in an opposite direction to the force applied by the 

second actuating element when its temperature increases, 

 a patterning device configured to pattern the conditioned beam of radiation; and 

 a projection system configured to project the patterned beam of radiation onto a substrate. 

 

2. The lithographic apparatus according to claim 1, further comprising at least one heat sink 

maintained at a nominal heat sink temperature; wherein the first and second actuating elements 

are connected to the at least one heat sink for thermal transfer. 

 

3. The lithographic apparatus according to claim 2, wherein the first and second actuating 

elements are connected for thermal transfer to a common heat sink.  

 

4. The lithographic apparatus according to claim 2, wherein the actuator system comprises 

first and second heat sinks; and the first and second actuating elements are connected for thermal 

transfer to the first and second heat sinks, respectively. 

  

5. The lithographic apparatus according to claim 2, wherein the nominal heat sink 

temperature is the nominal working temperature of the actuating elements. 

 

6. The lithographic apparatus according to claim 2, wherein the nominal working 

temperature of the actuating elements is higher than the nominal heat sink temperature. 
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7. The lithographic apparatus according claim 2, further comprising an actuator controller 

configured to control the actuator system by controlling the heat provided to the first and second 

actuating elements by the at least one power supply.  

 

8. The lithographic apparatus according to claim 7, wherein the actuator controller is 

configured to provide heat to the actuating elements to maintain the actuating elements at their 

respective nominal working temperatures above the nominal heat sink temperature in addition to 

heat required to raise the temperature of the actuating elements above their respective nominal 

working temperatures in order to actuate the actuator system as required. 

 

9. The lithographic apparatus according to claim 7, wherein the actuator controller is 

configured such that, in order to actuate the actuator system from an unactuated position towards 

a first fully actuated position, the actuator controller provides heat to the first actuating element 

in order to raise the temperature of the first actuating element to a temperature above a nominal 

working temperature of the first actuating element. 

 

10. The lithographic apparatus according to claim 9, wherein the actuator controller is 

configured such that, in order to actuate the actuator system from an unactuated position to a 

second fully actuated position in the opposite direction to the first fully actuated position, the 

actuator controller provides heat to the second actuating element in order to raise the temperature 

of the second actuating element to a temperature above the a nominal working temperature of the 

second actuating element.  

 



-36- 
 

  

11.  The lithographic apparatus according to claim 9, wherein the actuator controller is 

configured to raise the temperature of an actuating element above the a nominal working 

temperature of the actuating element to provide a desired extent of actuation by providing heat to 

the actuating element at a first rate for a first duration of time and subsequently providing heat to 

the actuating element at a second rate; 

wherein the first rate is higher than the second rate and the second rate is sufficient to 

compensate for heat lost from the actuating element when it is at the temperature necessary in 

order to provide the desired extent of actuation. 

 

12. The lithographic apparatus according claim 1, wherein at least one of the actuating 

elements is configured such that the cross-sectional area of at least one of the sections of material 

comprising the actuating element decreases from the first end to the second end. 

 

13. The lithographic apparatus according claim 1, further comprising an electrically 

conducting loop, connected to one of the actuating elements such that the electrically conducting 

loop and the actuating element together form an electric circuit; wherein the power supply is 

configured to induce an electric current in the electric circuit.  

 

14. The lithographic apparatus according to claim 13, wherein the actuator system comprises 

one or more coils of electrically conducting material connected to the power supply, wherein the 

power supply is configured to provide an alternating current in the one or more coils and the one 

or more coils are configured such that the alternating current generates a varying magnetic field 
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that induces the electric current in the electric circuit formed by the electrically conducting loop 

and the actuating element. 

 

15. A method of manufacturing a device, comprising: 

 conditioning a beam of radiation using a radiation beam conditioning system; 

 patterning the conditioned beam of radiation; 

 projecting the patterned beam of radiation onto a substrate using a projection system;  

 controlling the position of at least one optical component of the radiation beam 

conditioning system or the projection system using an actuator system configured to move the 

optical component relative to a base of the actuator system that is set apart from the optical 

component in a first direction, wherein: 

  the actuator system comprises first and second actuating elements, each having a 

first end connected to the base and a second end connected to the optical component, the first 

actuating element comprising first and second sections of material that are joined to each other 

with both sections extending from the first end to the second end of the actuating element, and 

the second actuating element comprising third and fourth sections of material that are joined to 

each other with both extending from the first end to the second end of the actuating element;  

  the coefficient of thermal expansion of the first section of material is different 

from that of the second section of material;  

  the coefficient of thermal expansion of the third section of material is different 

from that of the fourth section of material; and 

  the first and second actuating elements are each configured such that, if the 

temperature of the actuating element increases from a nominal working temperature, the 
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actuating element applies a force to the optical component to be actuated that is parallel to a 

second direction, perpendicular to the first direction, and such that the force applied by the first 

actuating element when its temperature increases is in an opposite direction to the force applied 

by the second actuating element when its temperature increases; and 

  providing heat to the first and second actuating elements in order to actuate the actuator 

system, wherein the heat may be provided to the first actuating element independently from the 

heat provided to the second actuating element. 
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