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George Khait BACKGROUNDOF THE INVENTION [0001] In the
fabrication of semiconductor devices such as
integrated circuits, memory cells, and the like, a
series of manufacturing operations are performed to
define features on semiconductor wafers. The
semiconductor wafers include integrated circuit
devices in the form of multi-level structures defined
on a silicon substrate. At a substrate level,
transistor devices with diffusion regions are formed.
In subsequent levels, interconnect metallization lines
are patterned and electrically connected to the
transistor devices to define a desired integrated
circuit device. Also, patterned conductive layers are
insulated from other conductive layers by dielectric
materials. [0002] The series of manufacturing
operations for defining features on the semiconductor
wafers can include a number of wafer wet processing
operations. For example, some wafer wet processing
operations may be performed to electroplate materials
onto the wafer, chemically etch materials from the
wafer, and clean (rinse and dry) the wafer, among
others. During certain wafer wet processing
operations, it may be necessary to move the wafer
through various processing modules, within each of
which various wet processing operations may be
performed on the wafer. Because some of the chemicals
used to process the wafer are aggressive with respect
to certain materials, particularly metals, it is of
interest to consider wafer movement mechanisms which
provide for wafer movement while avoiding metallic
residue/particulate generation that could cause damage
to the wafer. SUMMARY OF THE INVENTION [0003] In one
embodiment, a semiconductor wafer carrier drive
apparatus is disclosed. The apparatus includes a drive
rail having an interior cavity and an exterior drive
surface. The interior cavity is sealed. The exterior
drive surface extends along a length of the drive
rail. The apparatus also includes a first magnetic
member disposed within the interior cavity. The first
magnetic member is disposed adjacent to a surface of
the interior cavity immediately opposite the exterior
drive surface. The apparatus also includes a drive
mechanism disposed 



within the interior cavity and in connection with the
first magnetic member. The drive mechanism is
configured to move the first magnetic member within
the interior cavity along the length of the drive rail
such that the first magnetic member remains
immediately oppositethe exterior drive surface when
moved along the length of the drive rail. The first
magnetic member is configured to magnetically couple
through the exterior drive surface to a wafer carrier
disposed adjacent to the exterior drive surface, such
that movement of the first magnetic member causes a
corresponding movement of the wafer carrier along the
exterior drive surface. [0004] In another embodiment,
a system is disclosed for linear translation of a
semiconductor wafer. The system includes a drive rail
having an interior cavity and an exterior drive
surface. The interior cavity is sealed. The exterior
drive surface extends along a length of the drive
rail. The system also includes a first magnetic member
disposed within the interior cavity. The first
magnetic member is also disposed adjacent to a surface
of the interior cavity immediately opposite the
exterior drive surface. The first magnetic member is
configured to be moved in a controlled manner within
the interior cavity along the length of the drive
rail. The system also includes a wafer carrier
configured to hold a semiconductor wafer in a
substantially horizontal orientation. The system
further includes a second magnetic member disposed
within an encapsulating housing. The encapsulating
housing is affixed to the wafer carrier. The first and
second magnetic members are configured to be
magnetically coupled to each other through the
encapsulating housing and the exterior drive surface
when the encapsulating housing is disposed adjacent to
the exterior drive surface. Therefore, by way of the
magnetic coupling between the first and second
magnetic members, movement of the first magnetic
member causes a corresponding movement of the
encapsulating housing and wafer carrier affixed
thereto. [0005] In another embodiment, a method is
disclosed for driving a semiconductor wafer carrier.
The method includes an operation for positioning a
first magnetic member within an interior cavity of a
sealed drive rail, such that the first magnetic member
is positioned proximate to a drive side of the drive
rail. An exterior of the drive side of the drive rail
forms a drive surface. The method includes an
operation for positioning a second magnetic member,
within an encapsulating housing, adjacent to the drive
surface of the drive rail. The 



encapsulating housing is affixed to a wafer carrier.
By positioning the second magnetic member adjacent to
the drive surface, the second magnetic member
establishes a magnetic coupling with the first
magnetic member. The method further includes an
operation for moving the first magnetic member in a
linear direction within the sealed drive rail along
the drive side, such that the magnetic coupling
between the first and second magnetic members causes
the encapsulating housing to be moved along the drive
surface of the drive rail.Movement of the
encapsulating housing along the drive surface of the
drive rail, causes the wafer carrier to be moved along
a linear path indexed to the drive rail. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is an
illustration showing a semiconductor wafer drive
apparatus, in accordance with one embodiment of the
present invention; Figure 2 is an illustration showing
a vertical cross-sectional view A-A of the wafer drive
apparatus as identified in Figure 1, in accordance
with one embodiment of the present invention; Figure 3
is an illustration showing an isometric view of the
drive rail, in accordance with one embodiment of the
present invention; Figure 4A is an illustration
showing a vertical cross-section view of the drive
handle interfaced with the drive rail, in accordance
with one embodiment of the present invention; Figure
4B is an illustration showing a horizontal
cross-section view of the drive magnet magnetically
coupled to the handle magnet, in accordance with one
embodiment of the present invention; Figure 5A is an
illustration showing an isometric view of the guide
rail, in accordance with one embodiment of the present
invention; Figure 5B is an illustration showing a
vertical cross-section view of the guide support
interfaced with the guide rail, in accordance with one
embodiment of the present invention; Figure 6 is an
illustration showing a vertical cross-section view of
a tensioning guide support interfaced with a
tensioning guide rail, in accordance with one
embodiment of the present invention; Figure 7A is an
illustration showing a wafer wet processing chamber
that incorporates a system for linear translation of a
wafer based on the wafer drive apparatus 



described herein, in accordance with one embodiment of
the present invention; Figure 7B is an illustration
showing a vertical cross-section view of the chamber
with the wafer carrier located beneath the processing
head, in accordance with one embodiment of the present
invention; and Figure 8 is an illustration showing a
flowchart of a method for driving a semiconductor
wafer carrier, in accordance with one embodiment of
the present invention.DETAILEDDESCRIPTION [0006] In
the following description, numerous specific details
are set forth in order to provide a thorough
understanding of the present invention. It will be
apparent, however, to one skilled in the art that the
present invention may be practiced without some or all
of these specific details. In other instances, well
known process operations have not been described in
detail in order not to unnecessarily obscure the
present invention. [0007] Figure 1 is an illustration
showing a semiconductor wafer drive apparatus, in
accordance with one embodiment of the present
invention. The apparatus includes a drive rail 109
affixed to a wall 113A, such that the drive rail 109
extends along the wall 113A in a substantially level
orientation. The apparatus also includes a guide rail
11 1 affixed to a wall 113B, such that guide rail 111
extends along the wall 113B in a substantially level
orientation. Each of the walls 113A and 113B are
configured as substantially vertical walls extending
parallel to each other. Therefore, the drive rail 109
and guide rail 111 are disposed to be substantially
parallel and level with each other. The apparatus
further includes a wafer carrier 101 disposed to
extend in a substantially horizontal direction from
the drive rail 109 to the guide rail 1 1 1. The wafer
carrier 101 includes a centrally located open region
103 within which a semiconductor wafer ("wafer"
hereafter) 104 is received and held. [0008] A number
of drive handles 1O5A/1O5B are affixed to a drive-side
of the wafer carrier 101. Each of the drive handles
105A/105B is configured to interface with an exterior
drive surface of the drive rail 109. Also, a number of
guide supports 107A/107B are affixed to a guide-side
of the wafer carrier 101 . Each of the guide supports
107A/107B is configured to interface with a guide
track of the guide rail 1 1 1. It should be understood
that although the embodiment of Figure 1 shows two
drive handles 1O5A/1O5B and two guide supports
107A/107B, other embodiments of the wafer drive
apparatus can include any number of 



drive handles 105 and any number of guide supports
107. [0009] Figure 2 is an illustration showing a
vertical cross-sectional view A-A of the wafer drive
apparatus as identified in Figure 1, in accordance
with one embodiment of the present invention. As shown
in Figure 2, the wafer carrier 101 and wafer 104 held
thereon are positioned in a substantially horizontal
orientation, such that a top surface of the wafer 104
when held within the wafer carrier 101 is
substantially level. An exterior shape of each of the
drive handles 105A/105B is configured to substantially
match a shape of the exterior drive surface of the
drive rail 109, such that each of the drive handles
1O5A/1O5B is configured to interface with the drive
surface of the drive rail 109. In one embodiment, the
drive surface ofthe drive rail 109 and the drive
handles 105A/105B are configured such that when
interfaced together the drive handles 105A/105B will
be moveable along the length of the drive rail 109,
with minimal allowance for vertical movement of the
drive handles 105A/105B relative to the drive rail
109. [0010] Also, an exterior shape of each of the
guide supports 107A107B is configured to substantially
match a shape of the guide track of the guide rail
111, such that each of the guide supports 107A/107B is
configured to interface with the guide track of the
guide rail 111. In one embodiment, the guide track of
the guide rail 111 and the guide supports 107A/107B
are configured such that when interfaced together the
guide supports 107A/107B will be moveable along the
length of the guide rail 111, with minimal allowance
for vertical movement of the guide supports 107A/107B
relative to the guide rail 111. [0011] Figure 3 is an
illustration showing an isometric view of the drive
rail 109, in accordance with one embodiment of the
present invention. As previously mentioned, the drive
rail 109 includes an exterior drive surface 301 that
extends along a length 303 of the drive rail 109. The
exterior drive surface 301 includes an upper beveled
portion 305 and a lower beveled portion 307, separated
by a substantially vertical portion 309. [0012] Figure
4A is an illustration showing a vertical cross-section
view of the drive handle 105 interfaced with the drive
rail 109, in accordance with one embodiment of the
present invention. The drive rail 109 includes an
interior cavity 5 11 and an exterior drive surface. It
should be appreciated that the interior cavity 5 11 of
the drive rail 109 is sealed to prevent intrusion of
wafer processing solution and to prevent escape of
particulates. As previously 



mentioned, the exterior drive surface of the drive
rail 109 is defined by the upper beveled portion 305,
the lower beveled portion 307, and the substantially
vertical portion 309. A drive magnet 503 is disposed
within the interior cavity 5 11 adjacent to a surface
of the interior cavity 5 11 immediately opposite the
substantially vertical portion 309 of the exterior
drive surface. [0013] The drive magnet 503 is affixed
to a collar 507. The collar 507 is defined to engage a
collar track 509 within the interior cavity 5 11, such
that the collar 507 is capable of moving freely along
the collar track 509. The collar 507 also includes a
threaded surface defined to engage with threads of a
screw 505 disposed within the interior cavity 5 11
between the collar 507 and the collar track 509. Both
the collar track 509 and the screw 505 are oriented
within the interior cavity 511 to extend along the
length 303 of the drive rail 109. Therefore, rotation
of the screw 505, as indicated by arrow 506, causes
the collar 507 to be moved alongthe length of the
drive rail 109, thereby causing the drive magnet 503
to be moved along the length of the drive rail 109.
Thus, controlled rotation of the screw 505 provides
for controlled movement of the drive magnet 503 along
the drive rail 109. It should be appreciated that as
the drive magnet 503 is moved along the length 303 of
the drive rail 109 through rotation of the screw 505,
the drive magnet 503 remains immediately opposite the
substantially vertical portion 309 of the exterior
drive surface. [0014] In one embodiment, a motor is
mechanically coupled to the screw 505 to provided for
controlled rotation of the screw 505. Also, in one
embodiment a computer system is defined to control the
motor. The computer system can be defined to enable
operation of a graphical user interface (GUI) thereon.
The GUI is defined to provide for manual specification
of a velocity profile to be applied by the motor
through the screw 505 to the collar 507, and thereby
to the drive magnet 503. The velocity profile
specifies a velocity of the drive magnet 503 at each
location along the length 303 of the drive rail 109.
The velocity profile can be defined such that velocity
of the drive magnet 503 at any given location can be
within a range extending from zero up to about 500
millimeters per second. [0015] It should be understood
that the collar 507, the collar track 509, and the
screw 505 mechanically coupled to be driven by the
motor, represent one embodiment of a drive mechanism
disposed within the interior cavity 5 11 of the drive
rail 109 to provide controlled 



movement of the drive magnet 503. However, it should
be appreciated that the wafer drive apparatus is not
limited to use of the above-described drive mechanism.
In other embodiments, different types of drive
mechanisms can be disposed within the interior cavity
5 11 of the drive rail 109 to provide controlled
movement of the drive magnet 503 along the length 303
of the drive rail 109. For example, in one embodiment,
a belt-drive may be utilized to move the drive magnet
503 along the length 303 of the drive rail 109. [0016]
With reference back to Figure 4A, the drive handle 105
is defined by a handle magnet 501 disposed within an
encapsulating housing 513. The handle magnet 501 is
defined to magnetically couple with the drive magnet
503 through the encapsulating housing 513 and the
exterior drive surface of the drive rail 109. The
magnetic coupling of the handle magnet 501 to the
drive magnet 503 is sufficiently strong to cause the
drive handle 105 to be moved along the drive surface
of the drive rail 109 as the drive magnet 503 is moved
within the interior cavity 5 11 along the length 303
of the drive rail 109. In this manner, movement of the
drive handle 105 along the drive surface of the drive
rail 109 causes a correspondingmovement of the wafer
carrier 101, which is affixed to the drive handle 105,
along the length 303 of the drive rail 109. [0017] The
encapsulating housing 513 is configured to fully
encase the handle magnet 501 so as to prevent exposure
of the handle magnet 501 to wafer processing solution.
The encapsulating housing 513 is affixed to an edge of
the wafer carrier 101, such that movement of the
encapsulating housing 513 causes a corresponding
movement of the wafer carrier 101. The encapsulating
housing 513 includes an exterior track surface defined
to interface with the drive surface of the drive rail
109. The exterior track surface of the encapsulating
housing 513 includes an upper beveled portion 519, a
lower beveled portion 521, and a substantially
vertical portion 504 extending between the upper
beveled portion 519 and the lower beveled portion 521.
[0018] The upper beveled portion 519 of the track
surface is defined to substantially match the upper
beveled portion 305 of the drive surface. Similarly,
the lower beveled portion 521 of the track surface is
defined to substantially match the lower beveled
portion 307 of the drive surface. Therefore, when the
upper and lower beveled portions 519/521 of the drive
handle are contacted with the upper and lower beveled
portions 305/307 of the drive rail 109, 



vertical movement capability of the drive handle 105
relative to the drive rail 109 will be minimal.
Consequently, as the drive handle 105 is moved down
the drive rail 109, while in contact with the drive
rail 109, vertical movement of the drive handle 105
relative to the drive rail 109 will be minimized.
[0019] The exterior track surface of the encapsulating
housing 513 is defined such that when its upper and
lower beveled portions 519/521 are in contact with the
drive surface upper and lower beveled portions
305/307, the substantially vertical portion 504 of the
track surface is separated from the substantially
vertical portion 309 of the drive surface. It should
be appreciated that separation of the substantially
vertical portion of the track surface 504 from the
substantially vertical portion 309 of the drive
surface provides for reduced friction between the
drive handle 105 and the drive rail 109, as the drive
handle 105 is moved along the drive rail 109. [0020]
In one embodiment, the upper and lower beveled
portions 519/521 of the drive handle 105 are
configured at 45 degrees relative to the substantially
vertical portion 504 of the drive handle 105. Also, in
this embodiment, the upper and lower beveled portions
305/307 of the drive rail 109 are configured at 45
degrees relative to the substantially vertical portion
309 of the drive rail 109. It should be understood,
however, that in otherembodiments the angle of bevel
used for the drive surface of the drive rail 109 and
the track surface of the drive handle 105 can be
configured at essentially any angle up to 90 degrees,
so long as the upper and lower bevels are symmetrical.
[0021] Figure 4B is an illustration showing a
horizontal cross-section view of the drive magnet 503
magnetically coupled to the handle magnet 501, in
accordance with one embodiment of the present
invention. In this embodiment, the drive magnet 503 is
defined by a number of magnets 503A-503D positioned
side-by-side with alternating polarities. Also, in
this embodiment, the handle magnet 501 is defined by a
number of magnets 501A-501D positioned side-by-side
with alternating polarities. The sequence of
polarities in the magnets 501A-501D is opposite from
the sequence of polarities in the magnets 503A-503D,
such that each of magnets 5O1A-5O1D will
simultaneously couple with a respective one of magnets
503A-503D. Although the above-described embodiment
shows four magnets used to define each of the drive
magnet 503 and the handle magnet 501, it should be
understood that in 



other embodiments each of the drive magnet 503 and the
handle magnet 501 can be formed from essentially any
number of magnets. [0022] The drive magnet 503 and the
handle magnet 501 are capable of magnetically coupling
to each other through the exterior drive surface of
the drive rail 109, across a horizontal space 527
separating the vertical portions 504/309 of the drive
handle 105 and the drive rail 109, and through the
encapsulating housing 513 of the drive handle 105. i
one embodiment, each of the drive magnet 503 and the
handle magnet 501 is formed of NdFeB, and provides a
magnetic coupling strength therebetween within a range
extending from about 5 force-pounds to about 20
force-pounds. In one particular embodiment, each of
the drive magnet 503 and the handle magnet 501 is
formed of NdFeB and provides a magnetic coupling
strength therebetween of about 12.8 force-pounds. It
should be understood, however, that in other
embodiments different types of magnets may be used for
the drive magnet 503 and handle magnet 501, so long as
the magnetic coupling strength is sufficient to enable
movement of the drive handle 105, with wafer carrier
101 affixed thereto, along the drive rail 109. [0023]
In one embodiment, the drive rail 109 is formed of
polyethylene terephthalate (PET) and the encapsulating
housing 513 is formed of ultra high molecular weight
polyethylene (UHMWP). Both the PET and the UHMWP are
transparent to the magnetic field between the drive
magnet 503 and the handle magnet 501. It should be
appreciated that in other embodiments, other materials
can be used for the drive rail 109 and the
encapsulatinghousing 513, so long as the other
materials are chemically compatible with the wafer
processing solution to which they will be exposed, are
sufficiently transparent to the magnetic field between
the drive magnet 503 and handle magnet 501, and have a
sufficiently low coefficient of friction such that the
magnetic coupling between the drive magnet 503 and the
handle magnet 501 is sufficient to enable movement of
the drive handle 105 along the drive rail 109. [0024]
Also, in one embodiment, the guide rail 111 is formed
of PET and the guide support 107 is formed of UHMWP.
It should be appreciated that in other embodiments,
other materials can be used for the guide rail 111 and
the guide support 107, so long as the other materials
are chemically compatible with the wafer processing
solution to which they will be 



exposed, and have a sufficiently low coefficient of
friction to enable movement of the guide support 107
along the guide rail 111. [0025] Figure 5A is an
illustration showing an isometric view of the guide
rail 1 1 1, in accordance with one embodiment of the
present invention. The guide rail 111 is defined to
include a guide track 401 defined along a length 403
of the guide rail 111. The guide track 401 is defined
to receive the guide supports 107A/107B. Figure 5B is
an illustration showing a vertical cross-section view
of the guide support 107 interfaced with the guide
rail 1 1 1, in accordance with one embodiment of the
present invention. In this embodiment, each of the
guide support 107 and guide track 401 have a
rectangular-shaped vertical cross-section. The guide
track 401 is sized such that when the guide support
107 is inserted into the guide track 401, the guide
support 107 is freely movable along the length 403 of
the guide rail 11 1 with minimal vertical movement of
the guide support 107 relative to the guide rail 111.
Also, in this embodiment, the guide track 401 is sized
such that a gap 601 exists between an outer edge of
the guide support 107 and the guide rail 111. [0026]
Figure 6 is an illustration showing a vertical
cross-section view of a tensioning guide support 107C
interfaced with a tensioning guide rail H lA, in
accordance with one embodiment of the present
invention. The tensioning guide rail H lA is the same
as the guide rail 111 previously discussed, with the
exception of the guide track vertical crosssection
shape. The tensioning guide rail 11IA includes a guide
track 611 defined to have an upper beveled surface 603
and a lower beveled surface 605. A tensioning guide
support 107C is affixed to the guide edge of the wafer
carrier 101. The tensioning guide support 107C
includes an upper beveled surface 607 and lower
beveled surface 609, such that when the tensioning
guide support 107C is inserted into the guide track
611, the upper beveledsurfaces 607 and 603 interface
with each other, and the lower beveled surfaces 609
and 605 interface with each other. In this manner, the
guide track 6 11 is configured to provide a resistive
force 613 to the tensioning guide support 107C in a
direction extending away from the drive rail 109, such
that the resistive force 613 and the magnetic coupling
between the drive magnet 503 and the handle magnet 501
apply tension to the wafer carrier 101 in a direction
extending between the drive rail 109 and the
tensioning guide rail 11IA. [0027] Figure 7A is an
illustration showing a wafer wet processing chamber
700 that 



incorporates a system for linear translation of a
wafer based on the wafer drive apparatus described
herein, in accordance with one embodiment of the
present invention. The chamber is defined by exterior
walls that include the substantially parallel side
walls 113A and 113B. The drive rail 109 is attached to
the side wall 113A in a substantially level
orientation. The guide rail 111 is attached to the
side wall 113B in a substantially level orientation.
The wafer carrier 101 is disposed in a substantially
level orientation so as to extend between the drive
rail 109 and the guide rail 111. The pair of drive
handles 105A/105B are affixed to the drive side of the
wafer carrier 101, and are positioned to contact the
exterior drive surface of the drive rail 109. The pair
of guide supports 107A/107B are affixed to the guide
side of the wafer carrier 101, and are positioned to
interface with the guide track of the guide rail 111.
The handle magnets 501 within the drive handles
1O5A/1O5B are magnetically coupled to respective drive
magnets 503 within the interior cavity 5 11 of the
drive rail 109. Therefore, linear movement of the
drive magnets 503 within the drive rail 109 will cause
a corresponding linear movement of the wafer carrier
101 along the drive rail 109, as indicated by arrow
719. [0028] A motor 709 is mechanically coupled to a
drive mechanism within the interior cavity 5 11 of the
drive rail 109 to provide for controlled movement of
the drive magnets 503 along the length of the drive
rail 109. The motor 709 is connected to a computer
system 723 by way of a control link 724. The computer
system 723 is defined to control the motor 709. In one
embodiment, the computer system 723 operates a GUI 725
defined to provide for manual specification of the
velocity profile to be applied by the motor 709 to the
drive magnets 503. As previously mentioned, the
velocity profile specifies a velocity of the drive
magnets 503 at each location along the length of the
drive rail 109. [0029] The chamber 700 includes an
input module 713, a processing module 715, and an
output module 717. The drive rail 109 and the guide
rail 111 extend continuously through each of the input
module 713, the processing module 715, and the output
module 717.Therefore, the wafer carrier 101 can be
moved linearly along the drive rail 109 and guide rail
111 through each of the input module 713, the
processing module 715, and the output module 717. The
input module 713 includes a door assembly 705 through
which a wafer can be inserted into the chamber 700 by
a wafer handling device. The input module also
includes 



a wafer lifter 701 defined to move vertically through
the open region 103 of the wafer carrier 101, when the
wafer carrier 101 is centered thereover in the input
module 713. The wafer lifter 701 can be raised to
receive a wafer when inserted into the chamber 700
through the door assembly 705. The wafer lifter 701
can then be lowered to place the wafer on the wafer
carrier 101 and clear the travel path of the wafer
carrier 101. [0030] The processing module 715 includes
a processing head 7 11 disposed to interface with a
wafer to be carried by the wafer carrier 101. Figure
7B is an illustration showing a vertical cross-section
view of the chamber 700 with the wafer carrier 101
located beneath the processing head 7 11, in
accordance with one embodiment of the present
invention. The processing head 7 11 is mounted to both
the drive rail 109 and the guide rail 111, as shown at
locations 719 and 721, respectively, such that a
vertical position of the processing head 711 is
indexed to both a vertical position of the drive rail
109 and a vertical position of the guide rail 111. The
processing head 7 11 is defined to expose the wafer
present on the wafer carrier 101 to a processing
solution. In some embodiments, the processing head 711
is defined to dispense a meniscus 723 of processing
solution onto the wafer surface as the wafer traverses
beneath the processing head 711. The processing
solution is formulated to react with the wafer surface
to achieve a particular wafer processing result m one
embodiment, the processing head 7 11 is equipped to
perform multiple wafer processing operations as the
wafer is moved under the processing head 7 11 by the
wafer carrier 101. For example, in one embodiment, the
processing head 7 11 can be equipped to process the
wafer surface, rinse the wafer surface, and dry the
wafer surface, as the wafer traverses thereunder.
Also, in another embodiment, multiple processing heads
711 can be mounted to the drive rail 109 and guide
rail 111, such that the wafer carrier 101 moves the
wafer under each of the multiple processing heads 7
11. [0031] It should be appreciated that the wafer
carrier drive apparatus described herein can be
utilized with essentially any type of processing head
7 11. A key feature, however, is that the processing
head 7 11 is indexed to the vertical positions of the
drive rail 109 and guide rail 111. In this manner,
control of the vertical separation distance between
the processing head 711 and the wafer, as the wafer
carrier 101 moves beneath the processing head 711,
isachieved by indexing the vertical position of the
processing head 7 11 to each of the drive rail 



109 and guide rail 111. [0032] Once the wafer carrier
101 moves through the processing module 715, the wafer
carrier 101 arrives at the output module 717. The
output module 717 includes a wafer lifter 703 defined
to move vertically through the open region 103 of the
wafer carrier 101, when the wafer carrier 101 is
centered thereover in the output module 717. The wafer
lifter 703 can be raised to lift the wafer from the
wafer carrier 101 to a position for retrieval from the
chamber 700. The output module 717 also includes a
door assembly 707 through which a wafer can be
retrieved from the chamber 700 by a wafer handling
device. Once the wafer is retrieved off of the wafer
lifter 703, the wafer lifter 703 can be lowered to
clear the travel path of the wafer carrier 101. Then,
the wafer carrier 101 is moved back to the input
module 713 to retrieve the next wafer for processing.
[0033] It should be appreciated that the wafer carrier
drive apparatus as described herein does not have any
metal components exposed to the chamber processing
environment. Also, the materials used to form the
drive rail 109, drive handles 105A/105B, guide rail
111, and guide supports 107A/107B are selected to be
compatible with the wafer processing solution
chemistry. Therefore, the wafer carrier drive
apparatus is defined to avoid adverse interaction with
the wafer processing solution chemistry. Additionally,
it should be appreciated that the wafer carrier drive
apparatus component materials are selected to allow
their frictional interface with each other while
minimizing corresponding particulate generation. Also,
it should be appreciated that because the mechanical
components of the drive mechanism are enclosed within
the sealed interior cavity 511 of the drive rail 109,
any particulate generation from the drive mechanism is
prevented from reaching the wafer processing
environment. [0034] Figure 8 is an illustration
showing a flowchart of a method for driving a
semiconductor wafer carrier, in accordance with one
embodiment of the present invention. The method
includes an operation 801 for positioning a first
magnetic member within an interior cavity of a sealed
drive rail. An example of the first magnetic member is
the abovedescribed drive magnet 503. Also, an example
of the drive rail is the above-described drive rail
109. The first magnetic member is positioned proximate
to a drive side of the drive rail, wherein an exterior
of the drive side forms a drive surface. 



[0035] The method also includes an operation 803 for
positioning a second magnetic member within an
encapsulating housing adjacent to the drive surface of
the drive rail. An example of the second magnetic
member is the above-described handle magnet 501
withinthe encapsulating housing 513. The encapsulating
housing is affixed to a wafer carrier. For example, as
described above, the encapsulating housing 513 is
affixed to the wafer carrier 101. The second magnetic
member is positioned adjacent to the drive surface so
as to establish a magnetic coupling with the first
magnetic member. The encapsulating housing is defined
to interface with the drive surface such that vertical
movement of the encapsulating housing is minimized
when the encapsulating housing is moved along the
drive surface. [0036] The method also includes an
operation 805 for positioning a guide rail to be
parallel and level with the drive rail, such that the
wafer carrier extends in a substantially horizontal
direction between the drive rail and the guide rail.
An example of the guide rail is the abovedescribed
guide rail 1 1 1. The guide rail is defined to include
a guide track. In an operation 807, a guide support
affixed to the wafer carrier is engaged with the guide
track of the guide rail, such that the guide support
moves freely along the guide track as the wafer
carrier is moved along the linear path indexed to the
drive rail. The guide support is defined to interface
with the guide track so as to minimize vertical
movement of the guide support relative to the guide
rail. Examples of the guide support can include the
above-described guide supports 107A/107B or tensioning
guide support 107C. With the tensioning guide support
107C, a resistance between the guide support and the
guide rail combine with the magnetic coupling between
the first and second magnetic members to apply tension
to the wafer carrier in a direction extending between
the drive rail and the guide rail. [0037] The method
continues with an operation 809 for moving the first
magnetic member in a linear direction within the
sealed drive rail along the drive side of the drive
rail, such that the magnetic coupling between the
first and second magnetic members causes the
encapsulating housing to be moved along the drive
surface of the drive rail, thereby causing the wafer
carrier to be moved along a linear path indexed to the
drive rail. In one embodiment, the first magnetic
member is moved in the linear direction along the
drive rail in an automated manner in accordance with a
prescribed velocity profile. The prescribed velocity
profile specifies a velocity of the first magnetic
member at each location along a 



length of the drive rail. [0038] In one embodiment, a
processing head is mounted to both the drive rail and
the guide rail, such that the processing head extends
between the drive rail and the guide rail. Therefore,
the processing head is mounted such that a vertical
position of the processing head is indexed to a
vertical position of the drive rail and a vertical
position of the guide rail. In this embodiment,
movement of the wafer carrier along the linear path
indexed to the driverail causes a wafer, when present
in the wafer carrier, to be exposed to a meniscus of
processing solution to be delivered from the
processing head, such as described above with regard
to Figures 7A-7B. [0039] With the above embodiments in
mind, it should be understood that the invention can
employ various computer-implemented operations
involving data stored in computer systems. These
operations are those requiring physical manipulation
of physical quantities. Usually, though not
necessarily, these quantities take the form of
electrical or magnetic signals capable of being
stored, transferred, combined, compared and otherwise
manipulated. Further, the manipulations performed are
often referred to in terms such as producing,
identifying, determining, or comparing. Any of the
operations described herein may be directed,
controlled, or performed by a computer system. The
computer system can be specially constructed for the
required purpose, or the computer system can be a
generalpurpose computer selectively activated or
configured by a computer program stored in the
computer. [0040] A computer program can be defined to
control and monitor the wafer carrier drive apparatus.
Such a computer program can be defined to provide a
GUI for enabling a user to control the wafer carrier
drive apparatus and monitor a state of the wafer
carrier position and velocity. Such a computer program
can be embodied as computer readable code on a
computer readable medium. The computer readable medium
is any data storage device that can store data, which
can be thereafter be read by a computer system.
Examples of the computer readable medium include hard
drives, network attached storage (NAS), read-only
memory, random-access memory, CD-ROMs, CD-Rs, CD-RWs,
magnetic tapes and other optical and non-optical data
storage devices. [0041] While this invention has been
described in terms of several embodiments, it will be 



appreciated that those skilled in the art upon reading
the preceding specifications and studying the drawings
will realize various alterations, additions,
permutations and equivalents thereof. Therefore, it is
intended that the present invention includes all such
alterations, additions, permutations, and equivalents
as fall within the true spirit and scope of the
invention. What is claimed is:CLAIMS 1. A
semiconductor wafer carrier drive apparatus,
comprising: a drive rail having an interior cavity and
an exterior drive surface, wherein the interior cavity
is sealed, and wherein the exterior drive surface
extends along a length of the drive rail; a first
magnetic member disposed within the interior cavity
and adjacent to a surface of the interior cavity
immediately opposite the exterior drive surface; and a
drive mechanism disposed within the interior cavity
and in connection with the first magnetic member, the
drive mechanism configured to move the first magnetic
member within the interior cavity along the length of
the drive rail such that the first magnetic member
remains immediately opposite the exterior drive
surface when moved along the length of the drive rail,
wherein the first magnetic member is configured to
magnetically couple through the exterior drive surface
to a wafer carrier disposed adjacent to the exterior
drive surface, such that movement of the first
magnetic member causes a corresponding movement of the
wafer carrier along the exterior drive surface. 2. A
semiconductor wafer carrier drive apparatus as recited
in claim 1, wherein the wafer carrier includes a
second magnetic member sealed within an encapsulating
housing affixed to an edge of the wafer carrier,
wherein the second magnetic member is defined to
magnetically couple to the first magnetic member
through an exterior track surface of the encapsulating
housing and through the exterior drive surface of the
drive rail. 3. A semiconductor wafer carrier drive
apparatus as recited in claim 2, wherein a shape of
the exterior track surface of the encapsulating
housing is configured to substantially match a shape
of the exterior drive surface of the drive rail such
that a vertical movement of 



the encapsulating housing relative to the drive rail
is minimized when the encapsulating housing is moved
along the length of the drive rail. 4. A semiconductor
wafer carrier drive apparatus as recited in claim 3,
wherein the exterior drive surface is configured to
have a first upper beveled portion and a first lower
beveled portion, and wherein the exterior track
surface of the encapsulating housing isconfigured to
have a second upper beveled portion and a second lower
beveled portion, and wherein the second upper beveled
portion is configured to match the first upper beveled
portion, and wherein the second lower beveled portion
is configured to match the first lower beveled
portion. 5. A semiconductor wafer carrier drive
apparatus as recited in claim 4, wherein the exterior
drive surface is configured to have a first
substantially vertical portion extending between the
first upper and first lower beveled portions, and
wherein the exterior track surface of the
encapsulating housing is configured to have a second
substantially vertical portion extending between the
second upper and second lower beveled portions, and
wherein the second substantially vertical portion is
defined to be separated from the first substantially
vertical portion when the first and second upper
beveled portions are in contact and the first and
second lower beveled portions are in contact. 6. A
semiconductor wafer carrier drive apparatus as recited
in claim 2, wherein the drive rail is formed of
polyethylene terephthalate, and wherein the
encapsulating housing is formed of ultra high
molecular weight polyethylene. 7. A semiconductor
wafer carrier drive apparatus as recited in claim 2,
wherein both the first magnetic member and the second
magnetic member are formed of NdFeB so as to provided
a magnetic coupling strength therebetween within a
range extending from about 5 force-pounds to about 20
force-pounds. 8. A semiconductor wafer carrier drive
apparatus as recited in claim 1, further comprising: a
guide rail disposed to be substantially parallel and
level with the drive rail such that the wafer carrier
extends in a substantially horizontal direction from
the drive rail to the guide rail, wherein the guide
rail includes a guide track defined along a length of
the guide rail; and 



a guide support affixed to an edge of the wafer
carrier opposite from the edge of the wafer carrier to
which the encapsulating housing is affixed, wherein
the guide support is configured to interface with the
guide track such that the guide support is freely
movablealong the length of the guide rail with minimal
vertical movement of the guide support relative to the
guide rail. 9. A semiconductor wafer carrier drive
apparatus as recited in claim 8, wherein the guide
track is configured to provide a resistive force to
the guide support in a direction extending away from
the drive rail, such that the resistive force and the
magnetic coupling between the first magnetic member
and the wafer carrier apply tension to the wafer
carrier in a direction extending between the drive
rail and the guide rail. 10. A semiconductor wafer
carrier drive apparatus as recited in claim 8, wherein
the guide rail is formed of polyethylene
terephthalate, and wherein the guide support is formed
of ultra high molecular weight polyethylene. 11. A
semiconductor wafer carrier drive apparatus as recited
in claim 1, wherein the drive mechanism is defined to
move the first magnetic member along the length of
drive rail in accordance with a prescribed velocity
profile, wherein the prescribed velocity profile
specifies a velocity of the first magnetic member at
each location along the length of the drive rail. 12.
A system for linear translation of a semiconductor
wafer, comprising: a drive rail having an interior
cavity and an exterior drive surface, wherein the
interior cavity is sealed, and wherein the exterior
drive surface extends along a length of the drive
rail; a first magnetic member disposed within the
interior cavity and adjacent to a surface of the
interior cavity immediately opposite the exterior
drive surface, the first magnetic member configured to
be moved in a controlled manner within the interior
cavity along the length of the drive rail; a wafer
carrier configured to hold a semiconductor wafer in a
substantially horizontal orientation; and a second
magnetic member disposed within an encapsulating
housing, wherein the encapsulating housing is affixed
to the wafer carrier, 



wherein the first and second magnetic members are
configured to be magnetically coupled to each other
through the encapsulating housing and the exterior
drive surface whenthe encapsulating housing is
disposed adjacent to the exterior drive surface, such
that movement of the first magnetic member causes a
corresponding movement of the encapsulating housing
and wafer carrier affixed thereto. 13. A system for
linear translation of a semiconductor wafer as recited
in claim 12, further comprising: a drive mechanism
disposed within the interior cavity of the drive rail
to provide controlled movement of the first magnetic
member. 14. A system for linear translation of a
semiconductor wafer as recited in claim 13, wherein
the drive mechanism is defined as a screw mechanically
coupled to be driven by a motor, and wherein threads
of the screw are defined to engage threads of a collar
to which the first magnetic member is affixed, such
that rotation of the screw causes the collar to be
moved within the interior cavity along the length of
the drive rail. 15. A system for linear translation of
a semiconductor wafer as recited in claim 14, further
comprising: a computer system defined to control the
motor; and a graphical user interface (GUI) defined to
operate on the computer system, the GUI defined to
provide for manual specification of a velocity profile
to be applied by the motor through the screw and
collar to the first magnetic member, wherein the
velocity profile specifies a velocity of the first
magnetic member at each location along the length of
the drive rail. 16. A system for linear translation of
a semiconductor wafer as recited in claim 12, further
comprising: a guide rail disposed to be substantially
parallel and level with the drive rail such that the
wafer carrier extends in a substantially horizontal
direction from the drive rail to the guide rail, and
wherein the guide rail has a length substantially
equal to the length of the drive rail; and a guide
support affixed to the wafer carrier so as to engage
the guide rail when the encapsulating housing is
contact with the exterior drive surface of the drive
rail, wherein theguide support is configured to be
freely movable along the length of the guide rail with



minimal vertical movement of the guide support
relative to the guide rail. 17. A system for linear
translation of a semiconductor wafer as recited in
claim 16, further comprising: a wafer processing head
disposed to interface with a wafer to be carried by
the wafer carrier, wherein the wafer processing head
is mounted to both the drive rail and the guide rail
such that a vertical position of the wafer processing
head is indexed to both a vertical position of the
drive rail and a vertical position of the guide rail.
18. A system for linear translation of a semiconductor
wafer as recited in claim 17, wherein the system is
disposed within a wafer wet processing chamber such
that the drive rail and guide rail are disposed to
provide linear translation of the wafer carrier from
an input module, through a processing module, to an
output module, wherein linear translation of the wafer
carrier through the processing module provides for
exposure of a wafer when held on the wafer carrier to
a meniscus of processing solution to be delivered from
the wafer processing head. 19. A method for driving a
semiconductor wafer carrier, comprising: positioning a
first magnetic member within an interior cavity of a
sealed drive rail such that the first magnetic member
is positioned proximate to a drive side of the drive
rail, wherein an exterior of the drive side forms a
drive surface; positioning a second magnetic member
within an encapsulating housing adjacent to the drive
surface of the drive rail, wherein the encapsulating
housing is affixed to a wafer carrier, and whereby the
second magnetic member establishes a magnetic coupling
with the first magnetic member; and moving the first
magnetic member in a linear direction within the
sealed drive rail along the drive side such that the
magnetic coupling between the first and second
magnetic members causes the encapsulating housing to
be moved along the drive surface of the drive rail,
thereby causing the wafer carrier to be moved along a
linear path indexed to the drive rail.20. A method for
driving a semiconductor wafer carrier as recited in
claim 19, wherein the encapsulating housing is defined
to interface with the drive surface such that vertical
movement of the encapsulating housing is minimized
when the encapsulating 



housing is moved along the drive surface. 21. A method
for driving a semiconductor wafer carrier as recited
in claim 19, wherein the first magnetic member is
moved in the linear direction in an automated manner
in accordance with a prescribed velocity profile,
wherein the prescribed velocity profile specifies a
velocity of the first magnetic member at each location
along a length of the drive rail. 22. A method for
driving a semiconductor wafer carrier as recited in
claim 19, further comprising: positioning a guide rail
to be parallel and level with the drive rail such that
the wafer carrier extends in a substantially
horizontal direction between the drive rail and the
guide rail, wherein the guide rail includes a guide
track; and engaging a guide support affixed to the
wafer carrier with the guide track such that the guide
support moves freely along the guide track as the
wafer carrier is moved along the linear path indexed
to the drive rail, and such that vertical movement of
the guide support relative to the guide rail is
minimized. 23. A method for driving a semiconductor
wafer carrier as recited in claim 22, wherein a
resistance between the guide support and the guide
rail combine with the magnetic coupling between the
first and second magnetic members to apply tension to
the wafer carrier in a direction extending between the
drive rail and the guide rail. 24. A method for
driving a semiconductor wafer carrier as recited in
claim 22, further comprising: mounting a processing
head to both the drive rail and the guide rail such
that the processing head extends between the drive
rail and the guide rail, and such that a vertical
position of the processing head is indexed to a
vertical position of the drive rail and a vertical
position of the guide rail, whereby movement of the
wafer carrier along the linear pathindexed to the
drive rail causes a wafer when present in the wafer
carrier to be exposed to a meniscus of processing
solution to be delivered from the processing head. 


