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WAFER HANDLING APPARATUS

Background of the Invention

Field of the Invention

[0001] Embodiments of the invention relate to the ficld of semiconductor device
fabrication. More particularly, the present invention relates to a wafer handling apparatus used

to transport wafer materials among devices.

Discussion of Related Art

[0002] Silicon wafers are used in semiconductor and solar cell fabrication. The wafers
are subjected to a multi-step manufacturing process that may involve a plurality of machines and
a plurality of stations. Thus, the wafers need to be transported from one machine/station to

another machine/station one or more times.

[0003]  The transport of the wafers typically employs apparatuses called end effectors. A
typical end effector may be hand-like in appearance where a base unit may attach to a plurality
of finger-like extensions. On each of the finger-like extensions, a plurality of wafers may be
seated atop wafer pads at spaced apart intervals. The end result may be a matrix of wafers
supported by the plurality of end effector fingers. The end effector may typically be moved
linearly (e.g., forward and backward) as well as rotationally all in the same plane (e.g., x-y axis).
The end effector may also be moved in a third direction along a z-axis to provide a full range of

motion.
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[0004] There are several styles of wafer interface features used in semiconductor wafer
handling equipment. Sometimes silicone pads are used to isolate the silicon wafer from the
metallic robot end effector fingers. Sometimes semiconductor wafers sit on hard slippery pads
affixed at periodic intervals along the end effector fingers. The hard slippery pads are typically
made of a polyetheretherketone (PEEK) plastic which is a high performance thermoplastic
material comprised of a polymer that is semi-crystalline. PEEK plastic is advantageous in that it
retains its mechanical properties at extremely high temperatures, is weldable, machinable, and
can be bonded with epoxies cyanoacrylates, polyurethanes, or silicones. PEEK also does not
outgas under vacuum and is a generally acceptable material allowed to touch semiconductor

wafers.

[0005]  There are several styles of wafer interface features used in wafer handling
equipment. Sometimes silicone pads are used in wafer handling equipment to separate the silicon
wafer from a typically metallic robot end effector finger. If the silicon wafer were contacted by a
metallic end effector finger, the wafer could be contaminated with the parent metal of the end
effector finger. A recent development in wafer handling includes a typically hard polymer pad
(e.g., PEEK) having a lip formed thereon. The wafer sits on the pad and is pushed against the lip
as the end effector apparatus is accelerated or decelerated into position. The lip on the pad is
used to align the wafer with respect to the end effector and ensure proper wafer alignment when
the wafer is delivered to a process station. If such a hard polymer pad supporting a wafer along
an end effector finger is rotated too rapidly, the wafer can slip sideways off the end effector
apparatus. Wafers on hard polymer pads can also slip during linear motion events when the end
effector vibrates or the robot control system is not tuned properly causing the end effector fingers

to also vibrate.
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Summary of the Invention

[0006] The embodiments disclosed and claimed herein are an improvement to the art and
describe a system and apparatus to keep silicon wafers aligned and in place to prevent slippage
during linear and rotational movement of a robotic end effector apparatus tasked with moving the
silicon wafers from station to station during fabrication processing. In an embodiment there is
disclosed a wafer support and alignment apparatus. The wafer support and alignment apparatus
includes a wafer support component adapted to seat, align and support a wafer. The wafer
support component includes at least one flat portion to support the wafer, at least one alignment
lip portion protruding upward from the at least one flat portion, and at least one recessed pocket
carved out of a portion of the at least one base portion. The at least one recessed pocket is

adapted to receive at least one pad.

[0007]  In another embodiment, there is disclosed a wafer support and alignment
apparatus. The wafer support and alignment apparatus includes a wafer support component
adapted to seat, align and support a wafer. The wafer support component includes at least one
flat portion to support the wafer, at least one alignment lip portion protruding upward from the at
least one flat portion, and at least one recessed pocket carved out of a portion of the at least one
base portion. The at least one recessed pocket is adapted to receive at least one pad. The base
portion is adapted to receive the wafer support component. The base portion is further adapted to

attach to an end effector apparatus.
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Brief Description of the Drawings

[0008]  Fig. 1 is an illustration of one embodiment of a wafer support and alignment

apparatus.

[0009]  Fig. 2 is an illustration of one embodiment of a pad for use with the wafer support

and alignment apparatus of FIG. 1A.

[0010]  FIG. 3 is an illustration of another embodiment of a wafer support and alignment

apparatus.

[0011]  FIG. 4 illustrates a partial perspective view of one embodiment of an end effector

apparatus having a plurality of wafer support and alignment apparatuses attached thereon.

[0012]  FIG. 5 illustrates a top view of one embodiment of an end effector apparatus

having a plurality of wafer support and alignment apparatuses attached thereon.

[0013]  FIG. 6A illustrates a top view of one embodiment of an end effector apparatus
having a plurality of wafers positioned between a plurality of wafer support and alignment

apparatuses.

[0014]  FIG. 6B illustrates a more detailed partial perspective view of one embodiment of
an end effector apparatus having a wafer positioned between a plurality of wafer support and

alignment apparatuses.
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Description of Embodiments

[0015] The present invention will now be described more fully hereinafter with reference
to the accompanying drawings, in which preferred embodiments of the invention are shown.
This invention, however, may be embodied in many different forms and should not be construed
as limited to the embodiments set forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully convey the scope of the invention to

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

[0016]  FIG. 1 is an illustration of one embodiment of a wafer support and alignment
apparatus 100. The wafer support and alignment apparatus 100 includes a wafer support
component 120 that is removably attachable to a component support piece 140. The component
support piece 140, in turn, may be affixed to or removably attached to an end effector apparatus
— specifically to an end effector finger 110. The end effector finger 110 is typically made from
metal for strength, rigidity, and resonance so as to perform satisfactorily during its operation of
transporting wafers from station to station in a manufacturing process. The metal, however,
needs to be shielded from the semiconductor wafers it is tasked with transporting because the
metal may contaminate the semiconductor wafer and change the desired properties of the wafer.
Thus, the wafer support and alignment apparatus 100 may be comprised of a polymer material,
such as, for instance, polyetheretherketone (PEEK) or silicone. The wafer support component
120 and component support piece 140 may be comprised of solar compatible materials such as

PEEK or other polymers, metals, ceramics, or glass.

[0017]  The wafer support component 120 may be removably attachable to the component

support piece 140 using a snap-fit or threaded coupling in which the wafer support component
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120 fits snugly about the component support piece 140 but may still be removed and replaced if

nccessary.

[0018]  The wafer support component 120 further includes a flat portion 123 upon which
a wafer (or portion thereof) may be seated. The wafer support component 120 also includes an
alignment lip portion 125 that protrudes or extends upward normal to the flat portion 123. The
alignment lip portion 125 is operative to provide a stop for a seated wafer especially when the
wafer support component and alignment apparatus 100 is in motion. The alignment lip portion
125 may have a slight curvature to assist in wafer placement in which the peak or apex point of
the curvature may be characterized as the alignment point when used in conjunction with other
wafer support component(s) 120 of other wafer support and alignment apparatuses 100. For
example, more than one alignment apparatus 100 may be placed on a particular end effector

finger 110 and a wafer may be placed between two of these alignment apparatuses 100.

[0019]  The alignment lip portion 125 is operative to align the wafers supported by the
wafer support component by working in conjunction with other wafer support component(s) 120
of other wafer support and alignment apparatuses 100. The alignment lip portion(s) 125 of the
other wafer support component(s) 120 are all aligned such that the wafers align themselves when
in contact with the alignment lip portion(s) 125. This is shown more clearly in FIGS. 5-6 as will

be discussed later.

[0020]  The wafer support component 120 further includes a recessed pocket area 130 that
may be carved out of a sub-portion of the flat portion 123. The recessed pocket area 130 is
operative to receive and seat a pad. The component support piece 140 includes a base portion

150. The base portion 150 is adapted to attach to the end effector finger 110 as described above.
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For instance, the end effector finger 110 may be rounded in shape. If so, the base portion 150

may be similarly rounded with a slightly larger radius so as to fit snugly over the end effector

finger 110. This is but one example of an end effector finger 110 shape. Other shapes may be
employed by the end effector finger(s) 110 to which the base portion 150 may be adapted to

couple either permanently or removably.

[0021] FIG. 2 is an illustration of one embodiment of a pad 105 for use with the wafer
support and alignment apparatus 100 of FIG. 1A. As mentioned carlier, the pad 105 may be
seated within the recess pocket 130 of the wafer support component 120. The recessed pocket
130 and pad 105 have been shown to be circular in shape. This is but one example or
embodiment. Other complementary shapes for the recessed pocket 130 and pad 105 may be

implemented.

[0022]  The pad 105 may be comprised of silicone based on the combination of non-
contamination to a wafer and coefficient of friction between the pad 105 and the wafer. Silicone
has a coefficient of friction of approximately 0.25 to 0.75. Moreover, the surface texture of the
pad 105 may be altered to affect the coefficient of friction as well. For instance, the surface arca
of pad 105 may be textured similar to sandpaper to increase the coefficient of friction. Thus, the
choice of material and texture pattern of the pad surface affect the overall coefficient of friction
between the pad 105 and the wafer. This results in a ‘tunable’ apparatus in which greater
coefficients of friction may be applied to arecas where the wafers experience greater forces while
in motion. Thus, the pads 105 at one location or end of an end effector apparatus, such as the end
effector apparatus 500 of FIG. 5, may have different coefficients of friction than at a different
location or end. For examples, pads 105 at opposite ends of a length of an end effector may have

different or varying coefficients of friction. The pads 105 of an end effector apparatus also may
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have varying coefficients of friction along a particular dimension, which may be, for example, in
a gradient along a length from one location or end to another location or end. Using
embodiments disclosed herein, an end effector may have pads with two or more different
coefficients of friction. For example, each wafer, half of the wafers, or each wafer in a particular
row held by an end effector may be on pads with different coefficients of friction. In addition,
the pad 105 may be comprised of other solar compatible materials such as PEEK or other

polymers, ceramics, glass, or metals that do not contaminate the wafer.

[0023]  The pad 105, when seated within the recessed pocket 130 protrudes slightly above
the flat portion 123 of the wafer support component 120. This is so that a wafer that is seated on
the flat portion 123 will actually contact the pad 105. In addition, the pad, when seated, is
designed so as not to raise a seated wafer above the alignment lip portion 125. The pad 105 has
a primary function of maintaining wafer position throughout operation of an end effector
apparatus that moves the seated wafers from station to station. The transportation via the end
effector may cause lateral forces to be applied to the wafers. If the wafers slip out of their
expected positions it can hinder the manufacturing process. Thus, the pad 105 may be comprised
of a material having a desired coefficient of friction. One such material may be silicone. The
coefficient of friction for the pad may be greater than or less than the coefficient of friction for

the flat portion 123 of the wafer support component 120.

[0024]  Moreover, the coefficient of friction for the pad 105 may be varied for different
wafer support and alignment apparatuses 100. For instance, the forces applied to a plurality of
wafers seated on an end effector finger 110 may increase as the wafer is situated further out
along the end effector finger 110. This is especially true if there is a rotational component to the

movement of the end effector apparatus. The rotational forces further away from a base of the
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end effector apparatus (i.c., where the end effector fingers 110 couple with the rest of the end
effector apparatus) are greater than the rotational forces closer to the base of the end effector
apparatus. Thus, a pad 105 having a higher coefficient of friction may be used for wafer support
components 120 attached to the end effector finger 110 further away from the base of the end
effector apparatus. The coefficients of friction for the pads may be chosen and implemented on
the pads based on the expected linear, rotational, and vibration forces the end effector apparatus
will impart to the wafers. The pad 105 may be adhered within the recessed pocket 130 to keep it

in place using a pressure sensitive adhesive, an epoxy, or other fastening mechanism.

[0025]  FIG. 3 is an illustration of another embodiment of a wafer support and alignment
apparatus 300. Components and features identical to those in FIG. 1A have retained the same
reference numbers. Components and features different to those in FIG. 1A have been identified
with new reference numbers. The wafer support and alignment apparatus 300 includes a wafer
support component 220. The wafer support component 220 may be affixed to or removably
attached to an end effector apparatus — specifically to an end effector finger 110. The wafer
support and alignment apparatus 300 is also comprised of a polymer material, such as, for

instance, PEEK.

[0026]  The wafer support component 120 further includes a flat portion 123 upon which
a wafer (or portion thereof) may be seated. The wafer support component 220 also includes an
alignment lip portion 125 that protrudes or extends upward normal to the flat portion 123. The
alignment lip portion 125 is operative to provide a stop for a seated wafer especially when the
wafer support component and alignment apparatus 300 is in motion. The alignment lip portion

125 may have a slight curvature to assist in wafer placement in which the peak or apex point of
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the curvature may be characterized as the alignment point when used in conjunction with other

wafer support component(s) 220 of other wafer support and alignment apparatuses 300.

[0027]  The alignment lip portion 125 is operative to align the wafers supported by the
wafer support component by working in conjunction with other wafer support component(s) 220
of other wafer support and alignment apparatuses 300. The alignment lip portion(s) 125 of the
other wafer support component(s) 220 are all aligned such that the wafers align themselves when
in contact with the alignment lip portion(s) 125. This is shown more clearly in FIGS. 6A, 6B as
will be discussed later. The wafer support component 220 further includes a recessed pocket
arca 130 that may be carved out of a sub-portion of the flat portion 123. The recessed pocket

area 130 is operative to receive and seat a pad, such as the pad 105 of Fig. 1A.

[0028]  The wafer support component 220 includes a base coupling portion 150. The
base coupling portion 240 descends from the wafer support component 220 and is adapted to
attach about the end effector finger 110. For instance, the end effector finger 110 may be
rounded in shape. If so, the base coupling portion 240 may be similarly rounded with a slightly
larger radius so as to fit snugly about the end effector finger 110. This is but one example of an
end effector finger 110 shape. Other shapes may be employed by the end effector finger(s) 110
to which the base coupling portion 240 may be adapted to couple either permanently or

removably.

[0029]  FIG. 4 illustrates a partial perspective view of one embodiment of an end effector
apparatus 400 having a plurality of wafer support and alignment apparatuses 200 attached
thereon. The end effector apparatus 400 is partially shown and includes a base portion 410 and a

plurality of end effector fingers 110. Each end effector finger 110 includes a plurality of wafer

10
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support component and alignment apparatuses 300 attached thereon. Although alignment
apparatus 300 is illustrated for ease of explanation, each of the wafer support component and
alignment apparatuses has been specifically positioned for alignment purposes as will become

more evident in FIGS 5-6.

[0030] FIG. 5 illustrates a top view of one embodiment of an end effector apparatus 500
having a plurality of wafer support and alignment apparatuses 200 attached thercon. In this top
view, the end effector apparatus 500 is shown more completely and includes the base portion 510
having a plurality of holes 511 and an end effector apparatus coupling mechanism 320 operative
to couple the end effector apparatus 500 to a source of motion that is not shown. For instance,
the source of motion may be a robotic arm having a full range of linear and rotational motion in a

two dimensional plane (e.g., x-y axis) and a third linear component of motion in the z-axis.

[0031]  The wafer support component and alignment apparatuses 200 may be spaced
apart along each end effector finger 110 in an aligned orientation to receive and seat a respective
one of a plurality of wafers. As will be shown in FIG. 6, a portion of each individual wafer may
be seated on multiple wafer support components 220 (shown in Fig. 3) of multiple wafer support

component and alignment apparatuses 200.

[0032] FIG. 6A illustrates the same top view of the end effector apparatus 500 shown in
FIG. 5 having a plurality of wafers 600 positioned atop and between a plurality of wafer support
and alignment apparatuses 200. In this top view, each of the plurality of wafers 600 is shown
seated on a respective one of a plurality of wafer support and alignment apparatuses 200. Each
wafer 600 is associated with a single end effector finger 110. A plurality of wafers 600 are

spaced apart and positioned along the length of each end effector finger 110 to form a row. Each

11
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wafer 600 rests upon two wafer support and alignment apparatuses 200. In addition, each wafer
support and alignment apparatus 200, as illustrated in FIG. 2A, includes four flat portions 123,
four recess pockets 130 and four alignment lip portions 125 operatively arranged in pairs: a front
facing side by side pair and a rear facing side by side pair. The side by side front and rear facing
pairs each straddle the end effector finger 110. While not shown, a pad 105 may be seated
within each of the recessed pockets 130 to control the coefficient of friction between each wafer
600 and the wafer support and alignment apparatuses 200. Each wafer 600 may rest upon a rear
facing pair of one wafer support and alignment apparatuses 200 and a front facing pair of the
next wafer support and alignment apparatuses 200 along the end effector finger 110. The wafers
600 are aligned to either the front or rear sets of alignment lip portions 125, not both. The wafers
500 are positioned against alignment lip portions 125 because there is a small gap on the other
side of each wafer 600 between it and the opposite alignment lip portion 125. In this manner,
cach of the wafers 600 rest on four (4) surfaces 123 or on pads 105. In this arrangement, a wafer
600 may contact four pads 105 operative to align the wafers 600 and keep the wafers in place
during motion of the end effector apparatus 300. The wafers 600 may want to ride between the
alignment lip portions 125 when the end effector apparatus 500 is in motion. The pads 105,
however, serve to reduce any movement of the wafers 600 based on the coefficient of friction
between the pads 105 and the wafers 600. This arrangement is repeated for each of the end
effector fingers 110 to produce a matrix of wafers 600 that can be reliably and efficiently moved

with less chance of a wafer 600 slipping out of alignment.

[0033]  FIG. 6B illustrates a more detailed partial perspective view of one embodiment of
an end effector apparatus 500 having a wafer 600 positioned between a plurality of wafer support

and alignment apparatuses 200. In this view, a wafer 600 is shown seated upon four pads 105

12
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(under the wafer 600) and aligned using the alignment lip portion 125 of the wafer support
components 220 of the wafer support and alignment apparatuses 200. The wafer 600 is
essentially resting upon the pads 105 and is not attached in any other manner. Thus, the forces of
friction are the only forces keeping the wafer 600 in place when external lateral, rotational or
vibration forces are applied to the wafer 600 during transport. The combination of the alignment
lip portions 125 and the pads 105 serve to keep each of the plurality of wafers 600 in place

during transport of the wafers 600 from station to station in the manufacturing process.

[0034] The embodiments presented herein provide an improvement over existing
designs. A higher coefficient of friction between the wafer and the end effector can be achieved
using the silicone pads while retaining the alignment features. Moreover, each wafer position
could have a pad 105 with a different coefficient of friction optimized to resist the acceleration
and rotational forces a wafer 600 will experience since the forces on each wafer position may be
different. For instance, the wafer positions further out on an end effector finger 110 may
experience greater rotational forces than wafer positions closer to the base 510 of the end
effector apparatus 500. Providing these wafer positions with a greater coefficient of friction can

keep them as stable as the other wafer positions.

[0035] While the present invention has been disclosed with reference to certain
embodiments, numerous modifications, alterations and changes to the described embodiments
are possible without departing from the sphere and scope of the present invention, as defined in
the appended claims. Accordingly, it is intended that the present invention not be limited to the
described embodiments, but that it has the full scope defined by the language of the following

claims, and equivalents thereof.

13
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What is claimed is:

1. A wafer support and alignment apparatus comprising;:
a wafer support component adapted to seat, align and support a wafer, the wafer support
component including:
at least one flat portion to support the wafer;
at least one alignment lip portion protruding upward from the at least one flat
portion; and
at least one recessed pocket carved out of a portion of the at least one flat portion,
the at least one recessed pocket adapted to receive at least one pad; and
a base adapted to receive the wafer support component, the base further adapted to attach

to an end effector apparatus.

2. The wafer support and alignment apparatus of claim 1, wherein the wafer support
component is comprised of polyetheretherketone (PEEK) plastic and the at least one pad is

comprised of silicone.

3. The wafer support and alignment apparatus of claim 1, wherein the at least one alignment

lip portion is curved such that its outermost point corresponds with an alignment point for the

wafer seated on the at least one flat portion.

4. The wafer support and alignment apparatus of claim 1, wherein the at least one pad has a

higher coefficient of friction than the flat portion of the wafer support component.

14
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5. The wafer support and alignment apparatus of claim 1, wherein the at least one pad has a

lower coefficient of friction than the flat portion of the wafer support component.

6. The wafer support and alignment apparatus of claim 1, wherein the end effector apparatus
includes a plurality of fingers, each of the fingers having a plurality of bases attached along a
length of the finger, wherein a coefficient of friction for the at least one pad associated with the

plurality of bases varies along the length of the finger.

7. A wafer support and alignment apparatus comprising:
a wafer support component adapted to seat, align and support a wafer, the wafer support
component including:
at least one flat portion to support the wafer;
at least one alignment lip portion protruding upward from the at least one flat
portion; and
at least one recessed pocket carved out of a portion of the at least one base
portion, the at least one recessed pocket adapted to receive at least one pad; and

a descending portion adapted to attach with an end effector apparatus.

8. The wafer support and alignment apparatus of claim 7, wherein the wafer support

component is comprised of polyetheretherketone (PEEK) plastic and the at least one pad is

comprised of silicone.

15
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9. The wafer support and alignment apparatus of claim 7, wherein the at least one alignment
lip portion is curved such that its outermost point corresponds with an alignment point for the

wafer seated on the at least one flat portion.

10.  The wafer support and alignment apparatus of claim 7, wherein the at least one pad has a

higher coefficient of friction than the flat portion of the wafer support component.

11.  The wafer support and alignment apparatus of claim 7, wherein the at least one pad has a

lower coefficient of friction than the flat portion of the wafer support component.

12. A wafer support and alignment apparatus comprising;:
a wafer support component adapted to seat, align and support a wafer, the wafer support
component including:
at least one flat portion to support the wafer;
at least one alignment lip portion protruding upward from the at least one flat
portion; and
at least one recessed pocket carved out of a portion of the at least one base

portion, the at least one recessed pocket adapted to receive at least one pad.

13.  The wafer support and alignment apparatus of claim 12, wherein the at least one

alignment lip portion is curved such that its outermost point corresponds with an alignment point

for the wafer seated on the at least one flat portion.

1o
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14.  The wafer support and alignment apparatus of claim 12, wherein the at least one pad has

a higher coefficient of friction than the flat portion of the wafer support component.

15.  The wafer support and alignment apparatus of claim 12, wherein the at least one pad has

a lower coefficient of friction than the flat portion of the wafer support component.

17
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