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rotatable wafer support after the corresponding reference point for the selected rotatable wafer 

support is centered on the estimated center of the wafer located at the semiconductor processing 

station associated with the embarkation pedestal when viewed along a direction parallel to the 

first axis, f) cause at least one of the central hub and the selected rotatable wafer support to 

rotate about the first axis and to rotate about the second axis of the selected rotatable wafer 

support relative to the indexer arms, respectively, such that the corresponding reference point 

for the selected rotatable wafer support is centered above the corresponding target location of 

the destination pedestal, and g) cause the wafer on the selected rotatable wafer support to be 

lifted off of the selected rotatable wafer support after the corresponding reference point for the 

selected rotatable wafer support is centered above the corresponding target location of the 

destination pedestal. 

[0015]   In some implementations of the apparatus, the one or more memory devices may 

further store additional computer-executable instructions which, when executed by the one or 

more processors, cause the one or more processors to, for a given set of M wafers, perform (a) 

through (g) M times, once for each wafer, wherein 2 ≤ M ≤ N. 

[0016]   In some implementations of the apparatus, one or more memory devices may further 

store additional computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to cause at least some rotation of the central hub 

about the first axis to occur for at least part of (d) and at least part of (f) simultaneously for all 

M wafers. 

[0017]   In some implementations of the apparatus, the one or more memory devices may 

further store additional computer-executable instructions which, when executed by the one or 

more processors, cause at least one of the following to occur: (e) to be performed at different 

times for at least two of the M wafers and (g) to be performed at different times for at least two 

of the M wafers. 

[0018]   In some of the above implementations of the apparatus, N may equal 4 and M may be 

3 or 4. 

[0019]   In some implementations of the apparatus, the first distance may be selected to be 

larger than twice an estimated maximum pedestal location tolerance within the chamber. 

[0020]   In some implementations of the apparatus, the one or more memory devices may 

further store additional computer-executable instructions which, when executed by the one or 

more processors, cause the one or more processors to, for (d), use the corresponding target 

location of the embarkation pedestal as the estimated center of the wafer located at the 

semiconductor processing station associated with the embarkation pedestal.
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the indexer arms and the rotatable wafer supports are in a first configuration immediately prior 

to performing (h) and immediately before (i). 

[0026]   In some implementations, one or more non-transitory, computer-readable media 

storing computer-executable instructions for controlling one or more processors of a 

semiconductor processing tool may be provided.  Such a semiconductor processing tool may, 

for example, have a chamber with a plurality of N semiconductor processing stations, each 

having a corresponding pedestal with a corresponding target location, arranged therewithin and 

a rotational indexer having a central hub and a plurality of N indexer arms each having a distal 

end that supports a corresponding rotatable wafer support.  The computer-executable 

instructions, when executed, may cause the one or more processors to: a) select an embarkation 

pedestal from the plurality of pedestals, b) select a destination pedestal from the plurality of 

pedestals, c) select a selected rotatable wafer support from the plurality of rotatable wafer 

supports, d) cause at least one of the central hub and the selected rotatable wafer support to 

rotate about the first axis and to rotate about the second axis of the selected rotatable wafer 

support relative to the indexer arms, respectively, such that a corresponding reference point 

that is fixed with respect to the selected rotatable wafer support and offset from the second axis 

of the selected rotatable wafer support by a first non-zero distance in a direction perpendicular 

to the second axis of the selected rotatable wafer support is centered on an estimated center of 

a wafer located at the semiconductor processing station associated with the embarkation 

pedestal when viewed along a direction parallel to the first axis, e) cause the wafer located at 

the semiconductor processing station associated with the embarkation pedestal to be placed on 

the selected rotatable wafer support after the corresponding reference point for the selected 

rotatable wafer support is centered on the estimated center of the wafer located at the 

semiconductor processing station associated with the embarkation pedestal when viewed along 

a direction parallel to the first axis, f) cause at least one of the central hub and the selected 

rotatable wafer support to rotate about the first axis and to rotate about the second axis of the 

selected rotatable wafer support relative to the indexer arms, respectively, such that the 

corresponding reference point for the selected rotatable wafer support is centered above the 

corresponding target location of the destination pedestal, and g) cause the wafer on the selected 

rotatable wafer support to be lifted off of the selected rotatable wafer support after the 

corresponding reference point for the selected rotatable wafer support is centered above the 

corresponding target location of the destination pedestal. 

[0027]   In some implementations of the one or more non-transitory, computer-readable media, 

the one or more non-transitory, computer-readable media may further store additional 
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[0043]   In some implementations of the apparatus, the first axis and the second axis may both 

be encircled by the second rotational seal. 

[0044]   In some implementations of the apparatus, the first rotational seal and the second 

rotational seal may both be ferrofluidic seals. 

[0045]   In some implementations of the apparatus, the rotational and translational seal 

mechanism may further include a second eccentric mount portion and a third rotational 

interface.  In such implementations, the second portion of the second rotational interface may 

be fixed in space with respect to the second eccentric mount portion, the third rotational 

interface may have a corresponding first portion that is fixed in space with respect to the second 

eccentric mount portion and a corresponding second portion that is configured to be rotatable 

relative to the second eccentric mount portion, the first portion of the third rotational interface 

and the second portion of the third rotational interface may be rotatable relative to each other 

about a third axis, the third rotational interface may include a third rotational seal that seals 

between the first portion of the third rotational interface and the second portion of the third 

rotational interface, and the third axis may be parallel to the first axis and the second axis and 

may be offset from the second axis by a second non-zero distance along a direction 

perpendicular to the second axis. 

[0046]   In some implementations of the apparatus, the apparatus may further include a lift 

actuator and a bellows seal having a first end, a second end, and a flexible bellows portion 

spanning between the first end of the bellows seal and the second end of the bellows seal.  In 

such implementations, the first end of the bellows seal may be fixedly mounted with respect to 

the shaft, the second end of the bellows seal may be fixedly mounted with respect to the first 

portion of the first rotational interface, and the lift actuator may be configured to cause the shaft 

to move along the first axis when actuated. 

[0047]   In some implementations of the apparatus, the apparatus may further include a lift 

actuator and a bellows seal having a first end, a second end, and a flexible bellows portion 

spanning between the first end of the bellows seal and the second end of the bellows seal.  In 

such implementations, the first end of the bellows seal may be fixedly mounted with respect to 

the chamber, the second end of the bellows seal may be fixedly mounted with respect to the 

motor housing, and the lift actuator may be configured to cause the motor housing, the shaft, 

and at least the first rotational interface and the second rotational interface to move along the 

first axis when actuated. 

[0048]   In some implementations of the apparatus, the apparatus may also include a chamber 

with an interior volume housing the indexer arm assembly.
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[0049]   In some such implementations of the apparatus, the apparatus may further include a 

plurality of N semiconductor processing stations arranged in a nominally circular pattern within 

the interior volume of the chamber, each semiconductor processing station having a 

corresponding pedestal and each pedestal having a corresponding target location.  The 

corresponding target location of each pedestal may be representative of a location which, when 

a wafer is placed on that pedestal and centered on that pedestal’s corresponding target location, 

results in that wafer being considered centered on that pedestal for a given semiconductor wafer 

processing operation.  The apparatus may also further include a controller including one or 

more memory devices and one or more processors.  The one or more memory devices and the 

one or more processors may be operatively connected and the one or more memory devices 

may store computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to: a) select an embarkation pedestal from the 

plurality of pedestals, b) select a destination pedestal from the plurality of pedestals, c) select 

a selected wafer support from the plurality of wafer supports, d) cause at least one action to 

occur that is selected from the group consisting of i) actuation of the motor so as to cause the 

central hub to rotate relative to the chamber and about the first axis, ii) actuation of the lateral 

movement mechanism so as to cause the first axis to move laterally relative to the chamber, 

and iii) both (i) and (ii) such that a corresponding reference point that is fixed with respect to 

the selected wafer support is centered on an estimated center of a wafer located at the 

semiconductor processing station associated with the embarkation pedestal when viewed along 

a direction parallel to the first axis, e) cause the wafer located at the semiconductor processing 

station associated with the embarkation pedestal to be placed on the selected wafer support 

after the corresponding reference point for the selected wafer support is centered on the 

estimated center of the wafer located at the semiconductor processing station associated with 

the embarkation pedestal when viewed along a direction parallel to the first axis, f) cause at 

least one action to occur that is selected from the group consisting of i) actuation of the motor 

so as to cause the central hub to rotate relative to the chamber and about the first axis and ii) 

actuation of the motor so as to cause the central hub to rotate relative to the chamber and about 

the first axis and actuation of the lateral movement mechanism so as to cause the first axis to 

move laterally relative to the chamber such that the corresponding reference point for the 

selected wafer support is centered above the corresponding target location of the destination 

pedestal, and g) cause the wafer on the selected wafer support to be lifted off of the selected 

wafer support after the corresponding reference point for the selected wafer support is centered 

above the corresponding target location of the destination pedestal.
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to rotate relative to the indexer arms 428 about their respective second axes in the opposite 

direction from the rotations they underwent relative to the indexer arms 428 immediately prior 

to the removal of the wafer 444C from the rotatable wafer support 434C.  In this example, such 

rotation is in a counterclockwise manner compared with the clockwise rotation shown in FIG. 

11.  This counter-rotation may serve to reset the positioning of the rotatable wafer support 434C 

within the sweep angle 446 such that a subsequent further clockwise rotation of the rotatable 

wafer support 434C may be performed.   

[0111]   In FIG. 13, the wafer 444C has been lowered back onto the rotatable wafer support 

434C and is then rotated relative to the indexer arms 428 by a further clockwise amount that is 

sufficient to align the reference point for the rotatable wafer support 434C over the target 

location 442D.  With the wafer 444C centered on the target location 442D, the wafer 444C 

may be lifted off of the rotatable wafer support 434C by the lift pins again, as indicated by the 

use of heavy weight line font.   

[0112]   Similar placement and centering operations may be performed for the remaining 

wafers 444, e.g., the wafers 444A and 444D.  It will be appreciated that from a practical 

perspective, the above technique will generally involve at least some sequential placement of 

the wafers 444 at each destination pedestal unless the target locations and estimated centers of 

the wafers are both arranged in perfect circular patterns about the first axis (which is an unlikely 

occurrence in actual practice).  Since the indexer arms of a rotational indexer rotate in unison 

and the rotatable wafer supports in an ARA indexer are configured to rotate relative to the 

indexer arms in unison, any angular movements made by the indexer arms and/or the rotatable 

wafer supports relative to the indexer arms to center a particular wafer on the target location of 

a given destination pedestal will typically be different from the angular movements made by 

the indexer arms and/or the rotatable wafer supports relative to the indexer arms to center a 

different wafer on the target location of a different destination pedestal.  As a result, the 

centering operations performed above may generally be performed separately, e.g., 

sequentially, for each wafer during a given multi-wafer transfer operation.   

[0113]   It will be further appreciated that while the example discussed above shows the wafers 

being retrieved from their respective embarkation pedestals in one operation and then placed 

on their respective destination pedestals in separate operations with rotational adjustments 

made, as necessary, in between each such placement operation in order to center the wafers on 

the respective target locations of the destination pedestals, the same general technique may also 

be practiced “in reverse,” so to speak.  For example, each wafer may instead initially be placed 

on each rotatable wafer support such that the estimated centers of all of the wafers can be 
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[0129]   FIGS. 14 through 22 depict, in a manner similar to FIGS. 4 through 13, the use of a 

rotational indexer equipped with a lateral movement mechanism that allows the first axis of the 

rotational indexer to be moved in one or more lateral directions, i.e., in a direction or directions 

parallel to the plane of the Figure, to facilitate wafer-by-wafer centering during wafer transfers 

during various stages of operation.   

[0130]   The simplified representation of an example rotational indexer in FIGS. 14 through 22 

is provided to show various stages of wafer placement and centering that may be provided 

using a rotational indexer with an example lateral movement mechanism.  The chamber, lift 

pins, central hub, second hub, tie rods, etc., are omitted from these Figures, and indexer arms 

1428 and wafer supports 1432 are represented simply by thick solid lines.  The wafer supports 

1432 in these Figures are each in the form of a triad of fingers that radiate outward from a 

common center point at the distal end of one of the indexer arms 1428. 

[0131]   It will be appreciated that while this example features a rotational indexer with 4 

indexer arms, other implementations may use a larger or smaller plurality of indexer arms, e.g., 

3 indexer arms, 5 indexer arms, 6 indexer arms, etc.. 

[0132]   The indexer arms 1428 may have proximal ends that are fixedly connected with a 

central hub (not shown, but see FIGS. 1 through 2 discussed above) that is rotatable about the 

center of the array of indexer arms 1428, i.e., about a first axis (not explicitly depicted, but 

located at the center of the indexer arms 1428).  There are various elements in FIGS. 14 through 

22 that appear multiple, i.e., four, times within each Figure.  To assist with differentiating 

between different, but identical-looking, instances of such elements, the callouts for these 

elements may have an A, B, C, or D appended thereto, although it will be understood that 

reference to the root callout for such elements absent such an appended A, B, C, or D is 

intended to refer to all of such elements that are depicted. 

[0133]   As can be seen in FIG. 14, there are four pedestals 1408 that are shown, each being 

positioned in a different quadrant A, B, C, or D.  The quadrants are simply provided to facilitate 

interpretation of the Figures and does not represent structures that would actually be present.  

The quadrants are based on a rectangular coordinate system that is centered on the first axis. 

[0134]   The pedestals 1408 are shown in solid lines, but there are also pedestals 1408' that are 

shown in dotted lines that represent theoretically perfectly placed pedestals, e.g., pedestals that 

are all positioned with their center points lying exactly on the same circle that is, itself, centered 

on the first axis and being located at positions on that circle that are exactly equally spaced 

apart along the circle (these pedestals 1408' are, in fact, identically placed to their counterpart 

pedestals 408' from FIG. 4).  As can be seen, the pedestal 1408A is actually perfectly placed, 
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axis, about which the second eccentric mount portion 3594 can rotate relative to the chamber 

3502. 

[0179]   When the lateral movement mechanism that is provided using the motor 3566, linear 

screw 3554, the guides 3562, and the stage 3558 is actuated so as to cause the shaft 3590 to 

translate along the guides 3562, the two eccentric mount portions 3592 and 3594 may passively 

rotate relative to each other (and the chamber 3502 and the shaft 3590) as necessary in order to 

maintain the position of the first axis 3538 along an axis that is parallel to the translation axis.  

This allows the rotational and translational seal mechanism of FIG. 35 to not only 

accommodate pure rotational movement via the first rotational interface 3596, but also some 

amount of lateral displacement via the interplay between the first eccentric mount portion 3592, 

the second eccentric mount portion 3594, the first rotational interface 3596, the second 

rotational interface 3597, and the third rotational interface 3598.  Since each such element only 

rotates with respect to each adjacent such element, purely rotational seals may be used to seal 

between the shaft 3590 and the chamber 3502. 

[0180]   Such an arrangement may be used to seal off the interior volume of the chamber 3502 

and allow a vacuum to be maintained therein (as represented by the light grey shading that fills 

the interior of the chamber 3502). 

[0181]   In FIG. 35, the indexer depicted has no translation capability along the indexer 

rotational axis—since the double-eccentric arrangement of rotational interfaces and seals 

accommodates both lateral translation and rotation relative to the chamber 1202, there is no 

need for a bellows seal or similar such device.  FIG. 36, however, depicts a version of the 

semiconductor processing tool 3500 in which a lift capability has been added. 

[0182]   In FIG. 36, the motor housing 3588 is not only able to be translated laterally relative 

to the chamber 3502, but also axially along the first axis by way of a lift actuator 3520.  The 

shaft 3590 also passes through a sleeve 3591 that is rotationally fixed with respect to the shaft 

3590, e.g., through the use of a keying feature or similar anti-rotation feature, but allows the 

shaft 3590 to translate along the first axis relative to the sleeve 3591, e.g., via linear bearings 

3599.  Thus, when the lift actuator is actuated to cause the motor housing 3588 to move up or 

down, the shaft 3590 will move up or down relative to the sleeve 3591 and cause the indexer 

arms to move up or down within the chamber 3502. 

[0183]   Since the shaft 3589 is able to extend out of or retract into the sleeve 3591, a bellows 

seal 3522 may be used to seal between the two components while still allowing the two 

components to translate relative to one another along the first axis 3538.  In such an 

arrangement, a first end of the bellows seal 3522 may be fixed in space with respect to a central 
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hub of the indexer (see FIG. 1; not shown in FIG. 36), and a second end of the bellows seal 

3522 maybe fixed in space with respect to the sleeve 3591 (which may also be fixed in space 

with respect to the first portion of the first rotational interface 3596).  A flexible bellows portion 

may span between the first and second ends of the bellows seal 3522. 

[0184]   FIG. 37 depicts another example indexer system, similar to that of FIGs. 35 and 36, 

but having a lift capability that allows the entire indexer drive assembly 3518 to be moved up 

and down along the first axis using a lift actuator 3520.  In such an implementation, a bellows 

seal 3522 may be placed between the chamber 3502 and, for example, a housing for the indexer 

drive assembly 3518 so as to maintain a vacuum environment within the chamber 3502. 

[0185]   As is apparent from the above discussion, there are several different implementations 

and concepts presented herein that may allow a rotational indexer to be equipped with the 

capability to individually adjust the placement of a wafer on a destination pedestal so as to 

more precisely center the wafer thereupon. 

[0186]   As mentioned previously, in some implementations, the target locations of the 

embarkation pedestals may be used as proxies for the estimated center locations of the wafers 

that are being transferred from the embarkation pedestals to respective destination pedestals.  

In other implementations, the actual center locations of the wafers may be evaluated, e.g., by 

one or more sensors, and used as the estimated center locations of the wafers.  In such 

implementations, potential slippage of the wafers relative to the rotational indexer may be 

accounted for and corrected.  For example, inertial effects and/or vibration may cause a wafer 

to shift slightly relative to the wafer support that supports it during rotation of the rotational 

indexer (and/or the rotational wafer support, if a rotational wafer support is used, relative to 

the indexer arm that supports it).  Such slippage may, for example, be on the order of less than 

a millimeter, but may also, in some cases, exceed a millimeter, or even two or three millimeters.  

In implementations of the first technique that are used to correct for such wafer placement 

errors, the wafers may be placed on the ARA indexer using commensurately larger offsets 

between the wafer centers and the rotational centers of the rotatable wafer supports to allow 

for sufficient flexibility in terms of wafer placement to permit the wafers to be properly re-

centered.  In implementations of the second technique, e.g., in which the first axis of the 

rotational indexer is able to be translated along a lateral axis, the amount of translation that the 

mechanism that provides for such lateral translation may provide may similarly be increased 

in magnitude.   

[0187]   FIG. 38 depicts an example of a multi-station semiconductor processing tool that is 

similar to that of FIG. 2, but with the additional inclusion of wafer position sensors (and
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CLAIMS 

1. An apparatus comprising:

a chamber,

a plurality of N semiconductor processing stations arranged in a nominally circular

pattern within the chamber, each semiconductor processing station having a corresponding 

pedestal, and each pedestal having a corresponding target location, wherein the corresponding 

target location of each pedestal is representative of a location which, when a wafer is placed 

on that pedestal and centered on that pedestal’s corresponding target location, results in that 

wafer being considered centered on that pedestal for a given semiconductor wafer processing 

operation; 

a rotational indexer having a central hub and a plurality of N indexer arms, the central 

hub rotatable relative to the chamber about a first axis nominally located at the center of the 

circular pattern, each indexer arm having a proximal end fixedly mounted to the central hub 

and a distal end that supports a rotatable wafer support that is configured to rotate about a 

corresponding second axis relative to the indexer arms; and 

a controller including one or more memory devices and one or more processors, 

wherein the one or more memory devices and the one or more processors are operatively 

connected and the one or more memory devices store computer-executable instructions which, 

when executed by the one or more processors, cause the one or more processors to: 

a) select an embarkation pedestal from the plurality of pedestals,

b) select a destination pedestal from the plurality of pedestals,

c) select a selected rotatable wafer support from the plurality of rotatable wafer

supports,

d) cause at least one of the central hub and the selected rotatable wafer support to rotate

about the first axis and to rotate about the second axis of the selected rotatable wafer

support relative to the indexer arms, respectively, such that a corresponding reference

point that is fixed with respect to the selected rotatable wafer support and offset from

the second axis of the selected rotatable wafer support by a first non-zero distance in a

direction perpendicular to the second axis of the selected rotatable wafer support is

centered on an estimated center of a wafer located at the semiconductor processing

station associated with the embarkation pedestal when viewed along a direction parallel

to the first axis,
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e) cause the wafer located at the semiconductor processing station associated with the 

embarkation pedestal to be placed on the selected rotatable wafer support after the 

corresponding reference point for the selected rotatable wafer support is centered on 

the estimated center of the wafer located at the semiconductor processing station 

associated with the embarkation pedestal when viewed along a direction parallel to the 

first axis,  

f) cause at least one of the central hub and the selected rotatable wafer support to rotate 

about the first axis and to rotate about the second axis of the selected rotatable wafer 

support relative to the indexer arms, respectively, such that the corresponding reference 

point for the selected rotatable wafer support is centered above the corresponding target 

location of the destination pedestal, and 

g) cause the wafer on the selected rotatable wafer support to be lifted off of the selected 

rotatable wafer support after the corresponding reference point for the selected rotatable 

wafer support is centered above the corresponding target location of the destination 

pedestal. 

 

2. The apparatus of claim 1, wherein the one or more memory devices further store 

additional computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to, for a given set of M wafers, perform (a) 

through (g) M times, once for each wafer, wherein 2 ≤ M ≤ N. 

 

3. The apparatus of claim 2, wherein the one or more memory devices further store 

additional computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to cause at least some rotation of the central hub 

about the first axis to occur for at least part of (d) and at least part of (f) simultaneously for all 

M wafers. 

 

4. The apparatus of either claim 2 or claim 3, wherein the one or more memory 

devices further store additional computer-executable instructions which, when executed by the 

one or more processors, cause at least one of the following to occur: (e) to be performed at 

different times for at least two of the M wafers and (g) to be performed at different times for at 

least two of the M wafers. 

 

5. The apparatus of any one of claims 2 through 3, wherein N = 4 and 3 ≤ M ≤ 4. 
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6. The apparatus of any one of claims 1 through 3, wherein the first non-zero 

distance is selected to be larger than twice an estimated maximum pedestal location tolerance 

within the chamber. 

 

7. The apparatus of any one of claims 1 through 3, wherein the one or more 

memory devices further store additional computer-executable instructions which, when 

executed by the one or more processors, cause the one or more processors to, for (d), use the 

corresponding target location of the embarkation pedestal as the estimated center of the wafer 

located at the semiconductor processing station associated with the embarkation pedestal. 

 

8. The apparatus of any one of claims 1 through 3, further comprising, for each 

semiconductor processing station, one or more corresponding wafer position sensors 

configured to obtain information from which a location of the center of a wafer placed on the 

pedestal of the corresponding semiconductor processing station can be determined, wherein 

the one or more memory devices further store additional computer-executable instructions 

which, when executed by the one or more processors, cause the one or more processors to: 

h) determine, prior to (e), the location of the center of the wafer located at the 

semiconductor processing station associated with the embarkation pedestal using the 

information from the wafer position sensors for the corresponding wafer processing station, 

and 

i) use, in (d), the location of the center of the wafer as determined in (h) as the estimated 

center of the wafer located at the semiconductor processing station associated with the 

embarkation pedestal. 

 

9. The apparatus of any one of claims 1 through 3, wherein the positions of the 

second axes relative to the central hub are not movable responsive to control signals caused to 

be sent by the one or more processors and no part of each rotatable wafer support is movable 

relative to the remainder of that rotatable wafer support responsive to control signals caused to 

be sent by the one or more processors. 

 

10. The apparatus of any one of claims 1 through 3, further comprising, at each 

semiconductor processing station, a corresponding lift pin mechanism with a corresponding 

plurality of lift pins, each lift pin mechanism configured to controllably extend and retract the 

corresponding plurality of lift pins such that uppermost surfaces of the corresponding plurality 
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of lift pins are movable between at least locations above and below an uppermost surface of 

the pedestal of the corresponding semiconductor processing station. 

 

11. The apparatus of claim 10, wherein the one or more memory devices further 

store additional computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to, prior to performing (f): 

h) cause any wafers being supported by the rotatable wafer supports other than the 

selected rotatable wafer support to each be placed on the lift pins of a corresponding one of the 

semiconductor processing stations, and 

i) place one of the wafers on the selected rotatable wafer support when the selected 

rotatable wafer support is not supporting one of the wafers. 

 

12. The apparatus of claim 11, wherein the one or more memory devices further 

store additional computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to control the rotational indexer such that the 

indexer arms and the rotatable wafer supports are in a first configuration immediately prior to 

performing (h) and immediately before (i). 

 

13. One or more non-transitory, computer-readable media storing computer-

executable instructions for controlling one or more processors of a semiconductor processing 

tool having a chamber with a plurality of N semiconductor processing stations, each having a 

corresponding pedestal with a corresponding target location, arranged therewithin and a 

rotational indexer having a central hub and a plurality of N indexer arms each having a distal 

end that supports a corresponding rotatable wafer support, wherein the computer-executable 

instructions, when executed, cause the one or more processors to: 

a) select an embarkation pedestal from the plurality of pedestals, 

b) select a destination pedestal from the plurality of pedestals, 

c) select a selected rotatable wafer support from the plurality of rotatable wafer 

supports, 

d) cause at least one of the central hub and the selected rotatable wafer support to rotate 

about a first axis and to rotate about a second axis of the selected rotatable wafer support 

relative to the indexer arms, respectively, such that a corresponding reference point that is fixed 

with respect to the selected rotatable wafer support and offset from the second axis of the 

selected rotatable wafer support by a first non-zero distance in a direction perpendicular to the 
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second axis of the selected rotatable wafer support is centered on an estimated center of a wafer 

located at the semiconductor processing station associated with the embarkation pedestal when 

viewed along a direction parallel to the first axis, 

e) cause the wafer located at the semiconductor processing station associated with the 

embarkation pedestal to be placed on the selected rotatable wafer support after the 

corresponding reference point for the selected rotatable wafer support is centered on the 

estimated center of the wafer located at the semiconductor processing station associated with 

the embarkation pedestal when viewed along a direction parallel to the first axis,  

f) cause at least one of the central hub and the selected rotatable wafer support to rotate 

about the first axis and to rotate about the second axis of the selected rotatable wafer support 

relative to the indexer arms, respectively, such that the corresponding reference point for the 

selected rotatable wafer support is centered above the corresponding target location of the 

destination pedestal, and 

g) cause the wafer on the selected rotatable wafer support to be lifted off of the selected 

rotatable wafer support after the corresponding reference point for the selected rotatable wafer 

support is centered above the corresponding target location of the destination pedestal. 

 

14. The one or more non-transitory, computer-readable media of claim 13, wherein 

the one or more non-transitory, computer-readable media further store additional computer-

executable instructions which, when executed by the one or more processors, cause the one or 

more processors to, for a given set of M wafers, perform (a) through (g) M times, once for each 

wafer, wherein 2 ≤ M ≤ N. 

 

15. The one or more non-transitory, computer-readable media of claim 14, wherein 

the one or more non-transitory, computer-readable media further store additional computer-

executable instructions which, when executed by the one or more processors, cause the one or 

more processors to cause at least some rotation of the central hub about the first axis to occur 

for at least part of (d) and at least part of (f) simultaneously for all M wafers. 

 

16. The one or more non-transitory, computer-readable media of either claim 14 or 

claim 15, wherein the one or more non-transitory, computer-readable media further store 

additional computer-executable instructions which, when executed by the one or more 

processors, cause at least one of the following to occur: (e) to be performed at different times 
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for at least two of the M wafers and (g) to be performed at different times for at least two of 

the M wafers. 

 

17. The one or more non-transitory, computer-readable media of any one of claims 

14 through 15, wherein N = 4 and 3 ≤ M ≤ 4. 

 

18. The one or more non-transitory, computer-readable media of any one of claims 

13 through 15, wherein the first non-zero distance is selected to be larger than twice an 

estimated maximum pedestal location tolerance within the chamber. 

 

19. The one or more non-transitory, computer-readable media of any one of claims 

13 through 15, wherein the one or more non-transitory, computer-readable media further store 

additional computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to, for (d), use the corresponding target location 

of the embarkation pedestal as the estimated center of the wafer located at the semiconductor 

processing station associated with the embarkation pedestal. 

 

20. The one or more non-transitory, computer-readable media of any one of claims 

13 through 15, the one or more non-transitory, computer-readable media further store 

additional computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to: 

h) determine, prior to (e), the location of the center of the wafer located at the 

semiconductor processing station associated with the embarkation pedestal using information 

from one or more wafer position sensors for the corresponding wafer processing station, and 

i) use, in (d), the location of the center of the wafer as determined in (h) as the estimated 

center of the wafer located at the semiconductor processing station associated with the 

embarkation pedestal. 

 

21. The one or more non-transitory, computer-readable media of any one of claims 

13 through 15, wherein the one or more non-transitory, computer-readable media further store 

additional computer-executable instructions which, when executed by the one or more 

processors, cause the one or more processors to, prior to performing (f): 
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h) cause any wafers being supported by the rotatable wafer supports other than the 

selected rotatable wafer support to each be placed on lift pins of a corresponding one of the 

semiconductor processing stations, and 

i) place one of the wafers on the selected rotatable wafer support when the selected 

rotatable wafer support is not supporting one of the wafers. 

 

22. The one or more non-transitory, computer-readable media of claim 21, wherein 

the one or more non-transitory, computer-readable media further store additional computer-

executable instructions which, when executed by the one or more processors, cause the one or 

more processors to control the rotational indexer such that the indexer arms and the rotatable 

wafer supports are in a first configuration immediately prior to performing (h) and immediately 

before (i). 
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