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ACTIVE SUBSTRATE ALIGNMENT SYSTEM AND METHOD

Cross-reference

[0001] This application claims priority to U.S. Provisional Patent Application
No. 62/050,363, filed September 15, 2014, the entirety of which application is herein

incorporated by reference.

Field of the Disclosure

[0002] Embodiments of the present disclosure relate to the field of semiconductor
and solar cell processing, and more particularly to an active substrate alignment

system and corresponding method for an ion implanter.

Background of the Disclosure

[0003] Ion implantation is a technique for introducing conductivity-altering
impurities into semiconductor and solar cell substrates. During ion implantation, a
desired impurity material is ionized in an ion source chamber, the ions are accelerated
to form an ion beam of prescribed energy, and the ion beam is focused and directed
toward the surface of a substrate positioned in a process chamber. The energetic ions
in the ion beam penetrate into the bulk of the substrate material and are embedded

into the crystalline lattice of the material to form a region of desired conductivity.

[0004] Two concerns of the solar cell manufacturing industry are manufacturing
throughput and solar cell efficiency. Solar cell efficiency is a measure of the amount
of solar energy a solar cell is able to convert into electricity, and is closely tied to
manufacturing precision. As technologies advance, higher solar cell efficiencies are

required to stay competitive in the solar cell manufacturing industry. Improving
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precision while maintaining or improving manufacturing throughput is therefore

highly desirable.

[0005] Ton implantation has been demonstrated as a viable method to dope solar
cells in a precise manner. Use of ion implantation obviates processes necessary for
existing technologies, such as furnace diffusion. For example, a laser edge isolation
process may be removed if ion implantation is used instead of furnace diffusion
because ion implantation will not dope areas other than a desired surface. Besides
removal of processes, higher efficiencies have been demonstrated using ion
implantation. Ion implantation also offers the ability to perform a blanket implant of
an entire surface of a solar cell or a selective (or patterned) implant of part of the solar
cell. Selective implantation at high throughputs using ion implantation avoids the
costly and time-consuming lithography or patterning processes used for furnace

diffusion. Selective implantation also enables new solar cell designs.

[0006] Micron-level precision may be necessary for the implantation of
certain types of solar cells to achieve necessary geometries and tolerances. For
example, selective emitter (SE) and interdigitated backside contact (IBC) solar cells
have doped regions a few um apart. If a mask is used to create such doped regions in
a cell during ion implantation the locations of the regions are dictated by the
placement of the mask relative to the cell. In some cases, the successive introduction
of two or more impurity materials into regions of a cell may be desired. This may be
achieved by implanting a cell with a first dopant using a first mask at a first ion
implantation station, and subsequently implanting the cell with a second dopant using

a second mask at a second ion implantation station. In order to implant the first
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dopant and the second dopant into particular regions of the cell, the first and second
masks have to have complementary patterns and have to be aligned with the cell in a
nearly identical manner. In other cases, precisely centering a masked dopant pattern
on a cell may be desired. As will be appreciated, if precise mask alignment is not
achieved in either of the above-described cases (i.e., successive alignment of multiple
mask patterns or centering of one mask pattern), cells may not function as desired
and/or subsequent processes employed in the manufacture of cells may not be

properly aligned.

[0007] Any improvements to the precision, reliability, and speed of solar cell
manufacturing would be beneficial to solar cell manufacturers worldwide and may

accelerate the adoption of solar cells as an alternative energy source.

Summary

[0008] This Summary is provided to introduce a selection of concepts in a
simplified form as further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed
subject matter, nor is this summary intended to be an aid in determining the scope of

the claimed subject matter.

[0009] An exemplary embodiment of an active substrate alignment system for an
ion implanter in accordance with the present disclosure may include a platen, a
registration device adapted to selectively move a substrate engagement surface
disposed adjacent the platen for limiting movement of a substrate disposed on the
platen, a camera configured to capture an image of the substrate before the substrate is

disposed on the platen, and a controller in communication with the camera and the
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registration device, the controller configured to command the registration device to
move the substrate engagement surface based on the image to limit movement of the

substrate in a predetermined manner.

[0010] Another exemplary embodiment of an active substrate alignment system
for an ion implanter in accordance with the present disclosure may include a platen,
first and second registration devices adapted to selectively move respective first and
second substrate engagement surfaces disposed on a first side of the platen for
limiting movement of a substrate disposed on the platen, a camera configured to
capture an image of the substrate before the substrate is disposed on the platen, and a
controller in communication with the camera and the first and second registration
devices, the controller configured to command the first and second registration
devices to move the first and second substrate engagement surfaces based on the
image to limit movement of the substrate in a predetermined manner, and first and
second pushers disposed on a second side of the platen in a parallel relationship with
one another and adapted to push the substrate into engagement with the first and

second substrate engagement surfaces.

[0011] An exemplary embodiment of a method for aligning a substrate in
accordance with the present disclosure may include capturing a live image of the
substrate, based on the live image of the substrate, moving a substrate engagement
surface disposed adjacent a platen so the substrate will assume a predetermined
orientation after being positioned on the platen, disposing the substrate on the platen,

and moving the substrate into engagement with the substrate engagement surface.
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Brief Description of the Drawings

[0012] By way of example, various embodiments of the disclosed device will now

be described, with reference to the accompanying drawings, wherein:

[0013] FIG. 1 is a side view of an exemplary embodiment of a substrate

alignment system in accordance with the present disclosure;

[0014] FIG. 2 is a plan view illustrating a platen of the exemplary substrate

alignment system shown in FIG. 1;

[0015] FIG. 3 is a cross-sectional side view taken along line 3-3 in FIG. 2
illustrating a substrate registration device of the exemplary substrate alignment system

shown in FIG. 1;

[0016] FIG. 4 is a flow diagram illustrating an exemplary method for using the
exemplary substrate alignment system of FIG. 1 to identically align successive

implantation patterns on a substrate; and

[0017] FIG. 5 is a flow diagram illustrating an exemplary method for using the
exemplary substrate alignment system of FIG. 1 to orient a substrate in order to

center a dopant pattern projected onto the substrate.

Detailed Description

[0018] An active substrate alignment system and method in accordance with
the present disclosure will now be described more fully hereinafter with reference to
the accompanying drawings, wherein preferred embodiments of the system and
method are shown. The system and method may be embodied in many different

forms and are not to be construed as being limited to the embodiments set forth
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herein. These embodiments are provided so this disclosure will be thorough and
complete, and will fully convey the scope of the system and method to those skilled in

the art. In the drawings, like numbers refer to like elements throughout.

[0019] The active substrate alignment system and method of the present
disclosure are described herein in connection with an ion implanter and an associated
ion implantation process. In other embodiments, the active substrate alignment
system and method can be similarly implemented in a variety of other systems and
processes, such as may be involved in the manufacture of solar cells or
semiconductors, for example. Additionally, while the exemplary system and method
disclosed herein are described in connection with the implantation of solar cells, such
disclosure is provided for illustrative purposes, and the system and method can be
similarly implemented for the implantation of other types of cells, including
semiconductor wafers, light emitting diodes (LEDs), silicon-on-insulator (SOI)

wafers, and other such components.

[0020] FIG. 1 illustrates a schematic side view of an exemplary embodiment
of a substrate alignment system (hereinafter "the system 10") in accordance with the
present disclosure. The system 10 may generally include an ion implanter 11 having
a platen 12 for holding a substrate 14 to be implanted. The ion implanter may include
dynamic substrate registration devices 16, 18 (the registration device 18 is shown in
FIG. 2) described in greater detail below. The ion implanter 11 may further include a
mask 19 for creating a desired implantation pattern on the substrate 14 when an ion
beam 20 is projected through the mask 19 and onto the substrate 14. The system 10

may further include a transport mechanism 21 (e.g., a conveyor belt, a robotic arm,
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etc.) adapted to convey the substrate 14 to the platen 12. The system 10 may further
include a camera 22 adapted to capture images of substrates positioned on the
transport mechanism 21 or on the platen 12, including images of existing implant
patterns on such substrates. The camera 22 may be operatively connected to a
controller 23. The controller may in-turn be operatively connected to the registration

devices 16, 18 as further described below.

[0021] Referring to the plan view of the platen 12 shown in FIG. 2 (the
substrate 14 is not shown on the platen 12 in FIG. 2 for clarity), the registration
devices 16, 18 may be spaced apart from one another adjacent a first side of the
platen 12 and may be used to controllably limit movement of the substrate 14
(FIG. 1) along the y-axis as further described below. The system 10 may further
include one or more pushers 24 located adjacent a second side of the platen 12
opposite the registration devices 16, 18. The pushers 24 may be operatively
connected to one or more drive mechanisms (not shown) adapted to selectively drive
the pushers 24 horizontally back and forth in the direction of the arrows shown in
FIG. 2. When the substrate 14 (FIG. 1) is placed atop the platen 12, the pushers 24
may be used to push the substrate 14 into engagement with the registration
devices 16, 18 as further described below. The system 10 may further include a third
registration device 26 adjacent a third side of the platen 12 for controllably limiting
movement of substrate along the x-axis as further described below. Alternatively,
registration device 26 may be replaced by an immobile wall, post, stop, or other static

structure for limiting the movement of a substrate 14 (FIG. 1) along the x-axis.
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[0022] Referring to FIG. 3, a cut-away view illustrating the registration
device 16 and adjacent portions of the platen 12 and mask 19 taken along line 3-3 of
FIG. 2 is shown. The registration device 16 may be identical to the registration
devices 18, 26, and thus the following description of the registration device 16 can

also apply to the registration devices 18, 26.

[0023] The registration device 16 may include an elongated shaft 28 coupled
to a drive mechanism 30 located below the platen 12. The shaft 28 may be oriented at
an oblique angle relative to the y-axis. The shaft 28 may terminate at its uppermost
end in a finger 32 extending above a substrate supporting surface 29 of the platen 12
and having a substrate engagement surface 34 oriented perpendicular to the substrate
supporting surface 29. The drive mechanism 30 may be adapted to extend and retract
the shaft 28 along its longitudinal axis, as indicated by the arrow 36 shown in FIG. 3.
Since the shaft 28 is oriented at an oblique angle relative to the y-axis as described
above, extension and retraction of the shaft 28 may result in corresponding horizontal
movement (i.e., movement along the x-axis) of the substrate engagement surface 34 of
the finger 32 as indicated by the arrow 38 shown in FIG. 3. Movement of the
shaft 28 along its longitudinal axis will also result in movement of the finger 32
vertically (i.e., along the y-axis), and thus the substrate engagement surface 34 may be
sized to engage the substrate 14 along an appropriate portion of the substrate

engagement surface 34.

[0024] In the illustrated embodiment, retraction of the shaft 28 may result in
leftward horizontal movement of the substrate engagement surface 34, while

extension of the shaft 28 may result in rightward horizontal movement of the substrate
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engagement surface 34. Thus arranged, the drive mechanism 30 may be employed to
selectively and finely (e.g., with a precision of Sum) adjust the horizontal position of
the substrate engagement surface 34 of the finger 32. The substrate engagement
surface 34 may thus act as a selectively movable boundary for limiting horizontal

movement of a substrate 14 supported by the platen 12.

[0025] Referring to FIG. 4, a flow diagram illustrating an exemplary method
for using the above-described system 10 to identically align successive implantation
patterns on a substrate is shown. The method may be used to successively implant
two or more different impurity materials (e.g., boron and phosphorous) into desired
regions of a substrate. The method will be described in conjunction with the

schematic representations of the system 10 shown in FIGS. 1-3.

[0026] At block 100, a test pattern may be created on a test substrate (not
shown) using the mask 19 of the ion implanter 11 in order to determine an exact
orientation of a dopant pattern projected by the mask 19. This may be accomplished
by positioning the test substrate on the platen 12 and projecting an ion beam through
the mask 19 onto the test substrate. The camera 22 may capture an image of the test
substrate, including the dopant pattern created on the test substrate, and the image
may be stored in a memory 25 associated with the controller 23, for example. The
image, hereinafter referred to as "the test image," may subsequently be used as a point
of reference for adjusting the positions of the registration devices 16, 18 (and

optionally the registration device 26, if provided) as further described below.
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[0027] At block 110, a substrate, such as the substrate 14 shown in FIG. 1,
having been previously implanted with a first impurity material in a masked pattern,

may be conveyed toward the platen 12 by the transport mechanism 21.

[0028] While the substrate 14 is still on the transport mechanism 21, the
camera 22 may, at block 120, capture an image of the substrate 14, including the
edges of the substrate and the existing dopant pattern on the substrate 14. The image,
hereinafter referred to as "the live image," may thus indicate the precise orientation of

the exiting dopant pattern relative to the orientation of the substrate 14.

[0029] At a block 130, the controller 23 may use data representative of the
live image captured in block 120 along with data representative of the test image
captured in block 100 above to determine how the substrate 14 may be oriented on the
platen 12 in order for the dopant pattern projected by the mask 19 to be precisely

aligned with the existing dopant pattern on the substrate 14.

[0030] At block 140, the controller may, based on the determination made in
block 130, manipulate the drive mechanisms 30 of the registration devices 16, 18, 26
to adjust the horizontal position of the substrate engagement surfaces 34 of the
fingers 32 (as described above) in order for the existing dopant pattern on the
substrate 14 to, after the substrate 14 is moved into engagement with the substrate
engagement surfaces 34 as described below, be precisely aligned with the dopant

pattern projected by the mask 19.

[0031] At block 150, the substrate 14 may be placed on the platen 12 by the
transport mechanism 21 (or by another device) with the existing dopant pattern on the

substrate 14. At block 160, the pushers 24 may move into engagement with one or
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more edges of the substrate 14 to move the substrate 14 horizontally toward the
substrate engagement surfaces 34 of the fingers 32 of the registration devices 16, 18,
26. Although FIG. 2 shows pushers 24 configured to move the substrate 14 along the
y-axis into engagement with registration devices 16, 18, one or more additional
pushers can also be provided to move the substrate along the x-axis into engagement
with registration device 26. With the substrate 14 engaging the substrate engagement
surfaces 34 thusly, and with the substrate engagement surfaces 34 having been
repositioned as described in block 140, the substrate 14 may be oriented to cause the
existing dopant pattern on the substrate to be precisely aligned (e.g., to a precision

of 40um) with respect to the dopant pattern projected by the mask 19.

[0032] At block 170, the ion implanter 11 may project an ion beam containing
ions of a second impurity material (a first impurity material having been previously
implanted into the substrate 14 as described above) through the mask 19 and onto the
substrate. With the substrate 14 having been oriented as described in block 160, the
dopant pattern projected onto the substrate 14 by the mask 19 may align precisely

with the existing dopant pattern on the substrate.

[0033] At block 180, the substrate 14 may be removed from the platen 12 and

passed along for further processing.

[0034] Referring to FIG. 5, a flow diagram illustrating an exemplary method
for using the above-described system 10 to orient a substrate in order for a dopant
pattern projected onto the substrate to be centered on the substrate (e.g., centered
relative to the edges of the substrate) is shown. The method will be described in

conjunction with the schematic representations of the system 10 shown in FIGS. 1-3.



WO 2016/043987 PCT/US2015/048463
12

[0035] At block 200, a test pattern may be created on a test substrate (not
shown) using the mask 19 of the ion implanter 11 in order to determine the exact
orientation of the dopant pattern projected by the mask 19. This may be
accomplished by positioning the test substrate on the platen 12 and projecting an ion
beam through the mask 19 onto the test substrate. The camera 22 may then capture an
image of the test substrate, including the dopant pattern created on the test substrate,
and data representative of the image may be stored in a memory 25 associated with
the controller 23, for example. The image, hereinafter referred to as "the test image,"
may subsequently be used as a point of reference for adjusting the positions of the
registration devices 16, 18 (and optionally the registration device 26, if provided) as

further described below.

[0036] At block 210, a substrate, such as the substrate 14 shown in FIG. 1,

may be conveyed toward the platen 12 by the transport mechanism 21.

[0037] While the substrate 14 is still on the transport mechanism 21, the
camera 22 may, at block 220 of the method, capture an image of the substrate 14,
including the edges of the substrate. The image, hereinafter referred to as "the live

image," may thus indicate the precise size and shape of the substrate 14.

[0038] At block 230, the controller 23 may use data representative of the live
image captured in block 220, along with data representative of the test image captured
in block 200, to determine how the substrate 14 may be oriented on the platen 12 in
order for the dopant pattern projected by the mask 19 to be precisely centered on the

substrate 14.

[0039] At block 240, the controller 23 may, based on the determination made
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in block 230, manipulate the drive mechanisms 30 of the registration devices 16, 1, 26
to horizontally reposition the substrate engagement surfaces 34 of the fingers 32 (as
described above) in order for the dopant pattern projected by the mask 19 to, after the
substrate 14 is moved into engagement with the substrate engagement surfaces 34 as

described below, be precisely centered on the substrate 14.

[0040] At block 250, the substrate 14 may be placed on the platen 12 by the

transport mechanism 21 (or by another device).

[0041] At block 260, the pushers 24 may move into engagement with an edge
of the substrate 14 and may forcibly move the substrate 14 horizontally (i.e., along the
x-axis and y-axis of the horizontal substrate plane) in order for the edge of the
substrate 14 opposite the pushers 24 to be moved into engagement with the substrate
engagement surfaces 34 of the fingers 32 of the registration devices 16, 18, 26.
FIG. 2 does not show a pusher 24 positioned opposite registration device 26, but one
may be provided. With the substrate 14 engaging the substrate engagement
surfaces 34 thusly, and with the substrate engagement surfaces 34 having been
repositioned as described in block 240, the substrate 14 may be oriented in order for
the dopant pattern projected by the mask 19 to be precisely centered (e.g., to a

precision of 40um) on the substrate 14.

[0042] At block 270, the ion implanter 11 may project an ion beam through
the mask 19 and onto the substrate 14. With the substrate 14 having been oriented as
described in block 260, the dopant pattern projected onto the substrate 14 by the

mask 19 can be precisely centered on the substrate 14.

[0043] At block 280, the substrate 14 can be removed from the platen 12 and
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passed along for further processing.

[0044] The present disclosure is not to be limited in scope by the specific
embodiments described herein.  Indeed, other various embodiments of and
modifications to the present disclosure, in addition to those described herein, will be
apparent to those of ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and modifications are
intended to fall within the scope of the present disclosure. Furthermore, although the
present disclosure has been described herein in the context of a particular
implementation in a particular environment for a particular purpose, those of ordinary
skill in the art will recognize its usefulness is not limited thereto and the present
disclosure may be beneficially implemented in any number of environments for any

number of purposes.
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Claims

L. An active substrate alignment system for an ion implanter comprising:

a platen;

a registration device adapted to seclectively move a substrate engagement
surface disposed adjacent the platen for limiting movement of a substrate disposed on
the platen;

a camera configured to capture an image of the substrate before the substrate
is disposed on the platen; and

a controller in communication with the camera and the registration device, the
controller configured to command the registration device to move the substrate
engagement surface based on the image to limit movement of the substrate in a

predetermined manner.

2. The substrate alignment system of claim 1, further comprising a pusher
disposed adjacent the platen and adapted to push the substrate into engagement with

the substrate engagement surface.

3. The substrate alignment system of claim 2, wherein the pusher comprises a
first pusher and a second pusher disposed on a first side of the platen in a parallel

relationship with one another.
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4. The substrate alignment system of claim 1, wherein the registration device
comprises a first registration device and a second registration device disposed on a

first side of the platen.

5. The substrate alignment system of claim 4, further comprising a third

registration device disposed on a second side of the platen.

6. The active substrate alignment system of claim 1, wherein the camera is
configured to capture an image of a first dopant pattern on the substrate before the
substrate is disposed on the platen, and wherein the controller configured to command
the registration device to move the substrate engagement surface based on the image
so the first dopant pattern on the substrate will be aligned with a second dopant

pattern projected onto the substrate after the substrate is positioned on the platen.

7. The active substrate alignment system of claim 1, wherein the controller is
configured to command the registration device to move the engagement surface based
on the image so a dopant pattern projected onto the substrate after the substrate is

positioned on the platen will be centered on the substrate.

3. An active substrate alignment system for an ion implanter comprising;:

a platen;

first and second registration devices adapted to selectively move respective
first and second substrate engagement surfaces disposed on a first side of the platen

for limiting movement of a substrate disposed on the platen;
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a camera configured to capture an image of the substrate before the substrate
is disposed on the platen; and

a controller in communication with the camera and the first and second
registration devices, the controller configured to command the first and second
registration devices to move the first and second substrate engagement surfaces based
on the image to limit movement of the substrate in a predetermined manner; and
a first pusher and a second pusher disposed on a second side of the platen in a parallel
relationship with one another and adapted to push the substrate into engagement with

the first and second substrate engagement surfaces.

9. A method for aligning a substrate, the method comprising:

capturing a live image of the substrate;

based on the live image of the substrate, moving a substrate engagement
surface disposed adjacent a platen so the substrate will assume a predetermined
orientation after being positioned on the platen;
disposing the substrate on the platen; and

moving the substrate into engagement with the substrate engagement surface.

10. The method of claim 9, wherein capturing the live image of the substrate
includes capturing a live image of a first dopant pattern on the substrate, and wherein
moving the substrate engagement surface comprises moving the substrate engagement
surface so the first dopant pattern will be aligned with a second dopant pattern

projected onto the substrate after the substrate is positioned on the platen.
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11. The method of claim 10, further comprising:
capturing a test image of the second dopant pattern; and
comparing the live image of the first dopant pattern to the test image of the

second dopant pattern.

12. The method of claim 9, wherein moving the substrate engagement surface
comprises moving the substrate engagement surface so a dopant pattern projected
onto the substrate after the substrate is positioned on the platen will be centered on the

substrate.

13. The method of claim 12, further comprising capturing a test image of the
dopant pattern and comparing the live image of the substrate to the test image of the

dopant pattern.

14. The method of claim 9, wherein moving the substrate into engagement with
the substrate engagement surface comprises actuating a pusher disposed on an
opposite side of the platen relative to the substrate engagement surface to push the

substrate into engagement with the substrate engagement surface.

15. The method of claim 9, wherein moving the substrate into engagement with
the substrate engagement surface comprises moving the substrate into engagement
with first and second substrate engagement surfaces spaced apart from one another on

a side of the platen.
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