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CLAIMS 

1. An apparatus comprising: 

a pedestal configured to support a semiconductor wafer during wafer processing 

operations; 

a hexapod mechanism that includes:  5 

a movable mount that supports the pedestal; 

a stationary mount; and 

six independently controllable linear actuators, each linear actuator having a first 

end pivotably connected with the stationary mount and a second end pivotably 

connected with the movable mount, wherein the linear actuators support the movable 10 

mount relative to the stationary mount. 

 

2. The apparatus of claim 1, wherein the linear actuators are arranged in a trilaterally 

symmetric manner. 

 15 

3. The apparatus of either claim 1 or claim 2, wherein: 

the six linear actuators are grouped into three sets of two linear actuators, and 

the linear actuators in each set of two linear actuators are arranged so as to have first 

ends that connect with the stationary mount at locations that are closer together than locations 

where the second sends thereof connect with the movable mount. 20 

 

4. The apparatus of any of claims 1 through 3, wherein: 

each first end of each linear actuator is pivotably connected with the stationary mount 

by a corresponding spherical joint, universal joint, or biaxial flexure bearing, and 

each second end of each linear actuator is pivotably connected with the movable mount 25 

by a corresponding spherical joint, universal joint, or biaxial flexure bearing. 

 

5. The apparatus of any of claims 1 through 3, wherein each first end of each linear 

actuator is pivotably connected with the stationary mount by a corresponding first biaxial 

flexure bearing. 30 
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6. The apparatus of claim 5, wherein each first biaxial flexure bearing includes: 

a first portion; 

a second portion; 

a third portion; 5 

two first bending webs spanning between the first portion and the second portion; and 

two second bending webs spanning between the second portion and the third portion, 

wherein, for each first biaxial flexure bearing: 

the second portion thereof is interposed between the first portion thereof and 

the third portion thereof,  10 

the first portion thereof, the second portion thereof, and the third portion 

thereof lie along a common axis thereof,  

a first gap exists between the first portion thereof and the second portion 

thereof, and 

a second gap exists between the second portion thereof and the third portion 15 

thereof. 

 

7. The apparatus of claim 6, wherein, for each first biaxial flexure bearing: 

the first bending webs thereof are thin, substantially planar structures aligned with a 

first reference plane of that first biaxial flexure bearing, 20 

the second bending webs thereof are thin, substantially planar structures aligned with a 

second reference plane of that first biaxial flexure bearing, and 

the first and second reference planes thereof are perpendicular to one another. 

 

8. The apparatus of claim 6 or claim 7, wherein each first biaxial flexure bearing includes a 25 

center hole that extends along the common axis of that first biaxial flexure bearing and through 

the first portion thereof, the second portion thereof, and the third portion thereof. 

 

9. The apparatus of any one of claims 6 through 8, wherein, for each first biaxial flexure 

bearing: 30 
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that first biaxial flexure bearing includes two first through-holes and two second 

through-holes, 

the first bending webs thereof are positioned in between the first through-holes 

thereof, 

the second bending webs thereof are positioned in between the second through-holes 5 

thereof, 

the first through-holes thereof extend completely through that first biaxial flexure 

bearing, and 

the second through-holes thereof extend completely through that first biaxial flexure 

bearing. 10 

 

10. The apparatus of any one of claims 6 through 9, wherein the first bending webs and the 

second bending webs of each first biaxial flexure bearing extend into the second portion 

thereof. 

 15 

11. The apparatus of any one of claims 1 through 10, further comprising a semiconductor 

processing chamber and a showerhead, wherein: 

 the wafer support surface of the pedestal is located within the semiconductor 

processing chamber,  

at least a portion of the showerhead is located within the semiconductor processing 20 

chamber, and  

 the stationary mount is fixed with respect to the semiconductor processing chamber. 

 

12. The apparatus of claim 11, further comprising a controller, the controller operatively 

connected with the six linear actuators and configured to control the linear actuators so as to 25 

cause the movable mount to perform, relative to the stationary mount, one or more of: a) 

translation of the movable mount along an axis that is perpendicular to the wafer support 

surface of the pedestal, b) rotation of the movable mount about a rotational axis that passes 

through a target location of the pedestal on which a wafer is to be centered and is 

perpendicular to the wafer support surface, c) translation of the movable mount along a path 30 

so as to orbit an axis that is perpendicular to an underside of the showerhead that faces 

towards the pedestal and that intersects with a target location of the showerhead, d) tilting of 

the movable mount such that the wafer support surface of the pedestal is oriented at a non-
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zero acute angle to the underside of the showerhead, or e) tilting of the movable mount such 

that the wafer support surface of the pedestal is oriented at a non-zero acute angle to the 

underside of the showerhead and such that a maximum acute angle that is formed between 

the underside of the showerhead and the wafer support surface is defined in a plane that is 

periodically or continuously caused to change azimuthal direction relative to the pedestal and 5 

about an axis that is perpendicular to the underside of the showerhead. 

 

13. The apparatus of claim 12, wherein the controller is further configured to control the 

linear actuators so as to cause the movable mount to perform two or more of (a) through (e) at 

least partially simultaneously while the pedestal is supporting a wafer placed thereupon. 10 

 

14. The apparatus of either claim 12 or claim 13, wherein the controller is further 

configured to control the linear actuators so as to cause the movable mount to perform two or 

more of (a) through (e) at least partially sequentially while the pedestal is supporting a wafer 

placed thereupon. 15 

 

15. The apparatus of any one of claims 12 through 14, further comprising: 

a wafer handling robot configured to extend an end effector thereof into the 

semiconductor processing chamber; and 

an active wafer centering system configured to determine a location of a center of a 20 

wafer transported by the end effector relative to the semiconductor processing chamber, 

wherein: 

 the controller is further configured to: 

i) obtain the location of the center of the wafer as determined by the 

active wafer centering system,  25 

ii) control the linear actuators so as to cause the target location of the 

pedestal to be positioned at a location centered beneath the center of the wafer 

based on the location of the center of the wafer as determined by the active 

wafer centering system, and 

iii) cause the wafer to be transferred to the pedestal after (ii). 30 

 

16. The apparatus of claim 15, wherein: 
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the pedestal includes a plurality of lift pins and the apparatus includes a lift pin 

actuation mechanism that is configured to move the lift pins between an extended state in 

which the lift pins protrude from the wafer support surface of the pedestal and a retracted 

state in which the lift pins do not protrude from the wafer support surface, and 

the controller is configured to perform (iii) by causing the lift pin actuation mechanism 5 

to cause the lift pins to move into the extended state so as to come into contact with the wafer, 

causing the wafer handling robot to retract the end effector from the space between the wafer 

and the wafer support surface, and causing the lift pin actuation mechanism to cause the lift 

pins to move into the retracted state, thereby placing the wafer on the wafer support surface. 

 10 

17. The apparatus of either claim 15 or claim 16, wherein the controller is further 

configured to, after (iii), control the linear actuators so as to cause the movable mount to move 

to an orientation in which the wafer support surface is at a predetermined angle relative to the 

underside of the showerhead. 

 15 

18. The apparatus of claim 17, wherein the predetermined angle is 0°. 

 

19. The apparatus of claim 17, wherein the predetermined angle is a non-zero acute angle. 


