MANIPULATOR

TECHNICAL FIELD
[0001] The present disclosure generally relates to the semiconductor processing technology field

and, more particularly, to a manipulator.

BACKGROUND
[0002] Currently, in a process of performing a semiconductor process, a wafer needs to be
gradually transferred from an atmospheric environment to a process chamber for performing
process processing. In this process, the transfer of the wafer needs to be implemented by using a
transfer module consisting of a series of an atmosphere apparatus and a vacuum apparatus. The
transfer module usually includes a manipulator, which transfers the wafer through movements
such as retraction and lifting.
[0003] For some processes that process a back surface of the wafer, such as the back metal
process, which deposits aluminum (Al), titanium (Ti), nickel (Ni), silver (Ag), and other metals
on the back surface of the wafer. In this process, the wafer needs to be introduced into the
process chamber with the back surface facing up and a front surface facing down for processing.
However, the existing manipulator will contact the surface of the wafer during the process of
transferring the wafer. For the wafer facing down, it is easy to cause scratches or contact marks
to be formed on the front surface of the wafer. The wafer with the back-metal process tends to
curl up greatly, which will increase a contact area between the wafer and the manipulator. Thus,
the scratches on the front surface of the wafer become more severe, which negatively impacts the

subsequence processes and greatly reduces the yield of the products.



SUMMARY
[0004] Embodiments of the present disclosure provide a manipulator for the existing
disadvantage. With the manipulator, the wafer can be prevented from contacting the finger
structure to avoid scratches and contact marks generated on a surface of the wafer.
[0005] Embodiments of the present disclosure provide a manipulator configured to transfer a
wafer. The manipulator includes a finger structure and a plurality of support members. The
plurality of the support members are arranged at the finger structure and distributed at intervals
on a same circumference. Each support member is configured to contact an edge of the wafer to
support the wafer to prevent the wafer from contacting the finger structure.
[0006] In some embodiments, each support member includes a support surface for supporting
the wafer. The support surface is an inclined surface inclined relative to a horizontal plane. A
height of the inclined surface relative to the horizontal plane gradually increases in a radial
direction of the circumference along a direction away from a center of the circumference.
[0007] In some embodiments, the inclined surface is a plane and has an angle with the horizontal
plane ranging from 1° to 60°.
[0008] In some embodiments, the angle is 5.75°.
[0009] In some embodiments, each support member includes a support body and an anti-slip
flexible member arranged at the support body. The support surface is formed at the anti-slip
flexible member.
[0010] In some embodiments, the anti-slip flexible member is annular. A cross-section shape of

the anti-slip flexible member satisfies a point contact between the support surface and the wafer.



[0011] In some embodiments, an installation groove is formed at the support body, a part of the
anti-slip flexible member is arranged inside the installation groove, and another part is arranged
outside the installation groove.

[0012] In some embodiments, at least one marking line is provided on the support surface of
each supporting member, and each marking line is used to indicate a position of the edge of the
wafer of a size on the support surface.

[0013] In some embodiments, the finger structure includes two fingers arranged at an interval in
a direction parallel to the horizontal plane. The interval between the two fingers is set to prevent
the wafer from contacting the fingers.

[0014] In some embodiments, the manipulator further includes a positioning member and a
fastener. The positioning member is arranged at the finger structure and configured to limit a
position of the support member at the finger structure. The fastener is configured to fixedly
connect the support member to the finger structure.

[0015] The beneficial effects of embodiments of the present disclosure are as follows.

[0016] The manipulator of embodiments of the present disclosure is provided with the plurality
of support members arranged on the same circumference on the finger structure at intervals.
Each support member is configured to contact the edge of the wafer to support the wafer to
prevent the wafer from contacting the finger structure. Since the plurality of support members
only contact the edge of the wafer. Thus, the support member is prevented from contacting the
surface of the wafer when the wafer is ensured to be supported. The scratches and contact marks
generated on the surface of the wafer due to the contact between the manipulator and the surface
of the wafer can be prevented. Meanwhile, the plurality of support members can also be

configured to prevent the wafer from contacting the finger structure to reduce the scratches



generated by the contract friction of the finger structure caused by the curled wafer to a certain
degree. Thus, with the manipulator of embodiments of the present disclosure, the scratches
generated on the surface of the wafer can be reduced to impact the subsequent processes. The
yield of the product can be improved. Thus, the manipulator can be applied to the processes of
the semiconductor processing apparatus that require the protection of the surface of the wafer,

e.g., the back metal process.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The above and/or additional aspects and advantages of the present disclosure will become
apparent and easy to understand from the following description of the embodiments in
connection with the accompanying drawings.
[0018] FIG. 1A illustrates a schematic top view of a manipulator when supporting a wafer
according to some embodiments of the present disclosure.
[0019] FIG. 1B illustrates a schematic top view of a manipulator and a wafer position according
to some embodiments of the present disclosure.
[0020] FIG. 1C illustrates a schematic top view of a manipulator according to some
embodiments of the present disclosure.
[0021] FIG. 2A illustrates a schematic partial sectional view of a manipulator according to some
embodiments of the present disclosure.
[0022] FIG. 2B illustrates another schematic local sectional view of a manipulator according to
some embodiments of the present disclosure.
[0023] FIG. 3A illustrates a schematic partially enlarged view of a finger structure according to

some embodiments of the present disclosure.



[0024] FIG. 3B illustrates a schematic partial enlarged view showing using a support member to

cooperate with an edge of the wafer according to some embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0025] Embodiments of the present disclosure are described in detail below. Embodiments of the
present disclosure are shown in the accompanying drawings. The same or similar reference
numerals represent the same or similar components or components with the same or similar
functions throughout. Furthermore, detailed descriptions of the known techniques are omitted if
the descriptions are not necessary to illustrate features of embodiments of the present disclosure.
The embodiments described below by referring to the accompanying drawings are exemplary
only for explaining the present disclosure and should not be considered as limiting the present
disclosure.
[0026] Those skilled in the art can understand that, unless otherwise specified, all terms
(including technical terms and scientific terms) used here have the same meanings as commonly
understood by those of ordinary skill in the art. It should also be understood that terms, such as
those defined in commonly used dictionaries, should be understood to have meanings consistent
with the meaning in the context of the prior art, and unless specifically specified here, otherwise
the terms will not be explained with idealized or overly formal meaning.
[0027] The technical solutions of the present disclosure and how the technical solutions of the
present disclosure solve the above technical problems are described in detail below with specific
embodiments.
[0028] Embodiments of the present disclosure provide a manipulator configured to transfer a
wafer. As shown in FIG. 1A to FIG. 1C, the manipulator includes a finger structure 2. The finger

structure 2 can be connected to an arm 1 of the manipulator and arranged on a side of the arm 1
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of the manipulator to form a cantilever structure. The finger structure 2 can be driven by the arm
1 of the manipulator to retract, extend, ascend, and descend to transfer a wafer 100. The arm 1 of
the manipulator and the finger structure 2 can be made of metal materials or ceramics or quartz
materials. In addition, the finger structure 2 and the arm 1 of the manipulator can be formed in an
integral structure or separate structures.

[0029] The finger structure 2 can have a plurality of structures. For example, in embodiments of
the present disclosure, the finger structure 2 can include two fingers 22. An interval between the
two fingers 22 can form a hollow member 21. With the hollow member 21, the finger 22 can be
further prevented from contacting the wafer 100. Especially for a curled wafer, a center area can
curl toward a side close to the finger 22 relative to an edge area. That is, the center of the wafer
can be recessed downward, and the edge can curl upward. For this situation, by forming the
hollow member 21 between the two fingers 22, the center member of the wafer that is recessed
downward can be avoided. Thus, the finger 22 can be prevented from contacting the surface of
the wafer 100 to further reduce the scratches generated by the contact friction between the wafer
100 and the finger 22.

[0030] In some optional embodiments, a value of the interval between the two fingers 22 can
range from 100 mm to 290 mm, in some embodiments, can be 120 mm, 150 mm, 180 mm, 182
mm, 200 mm, 240 mm, or 280 mm. In practical applications, a corresponding value can be
selected according to different specifications of the wafer 100. In some embodiments, when the
diameter of the wafer 100 is larger, the value of the interval is larger, otherwise, the value is
smaller.

[0031] It should be noted that in practical applications, the finger structure 2 can also adopt any

other structure, for example, an annular structure that can form the above hollow member 21 or a



recess member arranged at the finger structure 2 that can avoid the center member of the wafer
that is recessed downward. Thus, the contact between the finger 22 and the surface of the wafer
100 can be avoided.

[0032] The above manipulator also includes a plurality of support members 31. For example,
four support members 31 are shown in FIG. 1A to FIG. 1C. Of course, in practical applications,
three, five, or more support members 31 can be provided, as long as the wafer 100 can be
uniformly and stably supported.

[0033] The plurality of support members 31 can be arranged at the finger structure 2 and
distributed at intervals along a same circumferential direction. A plane where the circumferential
direction is located can be, for example, parallel to a horizontal plane. Moreover, each support
member 31 can be configured to contact the edge of the wafer 100 to support the wafer 100.
Since the plurality of support members 31 only contact the edge of the wafer 100, the contact
with the surface of the wafer can be avoided, and the wafer can be stably supported. Thus, the
scratches and the contact mark generated by the contact between the manipulator and the surface
of the wafer can be avoided. Meanwhile, the plurality of support members 31 can be further
configured to avoid the contact between the wafer and the finger structure 2. Thus, the scratches
generated by the contact friction with the finger structure 2 caused by the curl of the wafer can be
reduced to a certain degree.

[0034] Therefore, with the manipulator of embodiments of the present disclosure, the impact on
the subsequent processes caused by the scratches on the surface of the wafer can be reduced to
improve the yield of the product. Thus, the manipulator can be applied to the semiconductor
process apparatus that requires a process of protecting the surface of the wafer, e.g., the back

metal process.



[0035] It should be noted that, based on the plurality of support members 31 above, the finger
structure 2 can also adopt a flat plate structure. That is, the above hollow member 21 may be not
provided, and only the plurality of support members 31 can be configured to avoid the contact
between the finger structure 2 and the surface of the wafer 100.

[0036] In some optional embodiments, as shown in FIG. 2A and FIG. 2B, each support member
31 includes a support surface 32 for supporting the wafer 100. The support surface 32 can be an
inclined surface inclined relative to the horizontal plane. A height of the inclined surface relative
to the horizontal plane can increase gradually in a radial direction of the circumference where the
support member 31 is located along a direction away from the center of the circumference. That
is, the plurality of support members 31 can form a recess member on inner sides of the plurality
of support members 31. The support surfaces 32 of the plurality of support members 31 can form
a side surface of the recess member. The side surface can be a cone-shaped annular surface that
is non-continuous in the circumferential direction. The edge of the wafer 100 can contact the
cone-shaped annular surface to support the wafer 100. Moreover, a size of an opening of the
cone-shaped annular surface can gradually increase along a direction away from a bottom of the
recess member. With such a setting, the support surfaces 32 can be ensured to only contact the
edge of the wafer and not contact the surface of the wafer 100. The position of the wafer can be
automatically corrected by the gravity of the wafer 100. The contact positions between the edge
of the wafer 100 and the support surfaces 32 can also be ensured to be at a same height to ensure
that the wafer 100 can be placed horizontally.

[0037] In some optional embodiments, as shown in FIG. 1B, two support surfaces 32 on a side
of an X-axis are arranged symmetrically with two support surfaces 32 on the other side of the X-

axis. Two support surfaces 32 on a side of a Y-axis are arranged symmetrically with two support



surfaces 32 on the other side of the Y axis. Thus, the contact positions between the four support
members 31 and the wafer 100 can be distributed more evenly to improve the support stability.
[0038] In some optional embodiments, as shown in FIG. 2A and FIG. 2B, each support member
31 includes a support body 311 and an anti-slip flexible member 312 arranged at the support
body 311. The above support body 311 can be made of a metal or non-metal material to ensure
rigidity required for supporting the wafer. For example, the support body 311 can be made of a
material such as stainless steel, aluminum, quartz, or ceramics, which is not limited by
embodiments of the present disclosure. With the setting of the above support body 311, and
distance between the wafer 100 and the finger structure 2 can be increased to further prevent the
wafer 100 from contacting the finger structure 2. Especially for the curled wafer, the increased
distance can be used to more easily realize the non-contact between the wafer 100 and the finger
structure 2. In practical applications, the shape and size of the support body 311 can be freely set
according to specific needs, as long as the wafer can be ensured to be not in contact with the
finger structure 2.

[0039] The above support surface 32 can be formed at the anti-slip flexible member 312. That is,
the anti-slip flexible member 312 can contact the edge of the wafer 100 to support the wafer 100.
Meanwhile, the anti-flexible member 312 can be configured to increase the contact friction with
edge of the wafer to prevent the wafer from slipping. The anti-slip flexible member 312 can be
made of an anti-slip material such as silica gel or rubber with a relatively large friction
coefficient, which is not limited by embodiments of the present disclosure.

[0040] The anti-slip flexible member 312 can have a plurality of structures. For example, the
anti-slip flexible member 312 can be annular. A cross-sectional shape of the anti-slip flexible

member 312 can satisfy a point contact between the support surface 32 and the wafer. The cross-



sectional shape can be, for example, circular, oval, etc. Since the anti-slip flexible member 312 is
annular, at most two contact points (i.e., an intersection of the wafer edge and the annular anti-
slip flexible member 312) can be provided, which greatly reduces a contact area between the
anti-slip flexible member 312 and the wafer to further reduce possibility of scratches generated at
the wafer. The above anti-slip flexible member 312 can be, e.g., a sealing ring, whose material is
easy to obtain, and which can effectively reduce application and maintenance costs.

[0041] It should be noted that embodiments of the present disclosure are not limited to the use of
the annular anti-slip flexible member 312. In addition, the anti-slip flexible member 312 can also
adopt any other shape, as long as the anti-slip flexible member 312 can support the wafer and
prevent the wafer from slipping.

[0042] In some optional embodiments, as shown in FIG. 2A and FIG. 2B, an installation groove
313 is formed at the support body 311. A part of the anti-slip flexible member 312 can be
arranged inside the installation groove 313. Another part can be arranged outside the installation
groove 313 to fix the anti-slip flexible member 312 at the supporting body 311. In some
embodiments, for the annular anti-slip flexible member 312, the installation groove 313 can be
correspondingly configured as an annular recess groove. Of course, according to the anti-slip
flexible members 312 with different shapes, the shape of the installation groove 313 can be
adaptively adjusted. Optionally, to prevent the anti-slip flexible member 312 from falling off
from the installation groove 313. The installation groove 313 can be a “dovetail groove” or
another recess groove having an opening with a relatively small size.

[0043] It should be noted that embodiments of the present disclosure do not limit an installation
method of the anti-slip flexible member 312. For example, the anti-slip flexible member 312 can

also be directly glued to the support body 311, which is not limited by embodiments of the
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present disclosure. Those skilled in the art can perform adjustments according to the actual
situation.

[0044] In some optional embodiments, the support surface 32 can be caused to form the inclined
surface in a plurality of manners. For example, as shown in FIG.2A and FIG. 2B, an inclined
surface 311a is formed at the support body 311. The installation groove 313 formed on the
inclined surface 311a can be also inclined. Thus, when the anti-slip flexible member 312 is
installed in the installation groove 313, the anti-slip flexible member 312 can be also inclined to
form the support surface 32 of the anti-slip flexible member 312 into the inclined surface. As
shown in FIG. 2B, by taking that the bottom surface of the support body 311 is parallel with the
horizontal surface, and the support surface 32 is parallel with the inclined surface 311a of the
support body 311 as an example, the inclined surface 311a is a plane and has an angle A with the
bottom surface of the support body 311, that is, equal to an angle between the support surface 32
and the horizontal plane. The angle A can be 1° to -60°, for example, 5.75°. With such a setting,
the wafer can be ensured to be stably supported to prevent the wafer from slipping. The
processing difficulty and cost of the support body 311 can be reduced. In practical applications, a
specific value of the angle A can be 1°, 15°, 28°, 35°, 45°, 50°, or 55°. The size of the angle A
can be freely selected according to wafers with different specifications.

[0045] It should be noted that, in some embodiments, the inclined surface 311a can be a plane.
However, the present disclosure is not limited to this. In practical applications, the above
inclined surface 311a can also be an arc-shaped convex surface or an inclined surface any other
shapes, which is not limited by embodiments of the present disclosure. Those skilled in the art

can perform adjustments according to actual situations.
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[0046] In some optional embodiments, as shown in FIG. 3A and FIG. 3B, at least one marking
line 314 is provided on the support surface 32 of each support member 31. Each marking line
314 can be used to mark a position of an edge of a wafer with a size at the support surface 32.
When the wafer with the corresponding size is correctly placed at the support member 31, the
marking line 314 can be coincident with the edge of the wafer. The above marking line 314 can
be a 2-dimensional mark drawn at the support surface 32 or a 3-dimensional structure arranged at
the support surface 32, for example, an arc-shaped groove or a convex platform arranged at the
support surface 32.

[0047] In some optional embodiments, as shown in FIG. 2A and FIG. 2B, the manipulator
further includes a positioning member 4 and a fastener 5. The positioning member 4 is arranged
at the finger structure 2 and configured to limit the position of the support member 31 at the
finger structure 2. The positioning member 4 can be, for example, a positioning pin. Two ends of
the positioning pin can be located in two coaxial positioning holes at the support member 31 and
the finger structure 2, respectively. The fastener 5 can be configured to fixedly connect the
support member 31 to the finger structure 2. The fastener 5 can be, for example, a fastening
screw.

[0048] The manipulator of embodiments of the present disclosure can be provided with a
plurality of support members arranged at the same circumference on the finger structure at
intervals. Each support member can be configured to contact the edge of the wafer to support the
wafer. The wafer can be prevented from contacting the finger structure. Since the plurality of
support members only contact the edge of the wafer, the support members can be prevented from
contacting the surface of the wafer by ensuring the support of the wafer. Thus, the scratches and

contact marks generated due to the contact between the manipulator and the surface of the wafer
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can be avoided. Meanwhile, the plurality of support members can also be configured to prevent
the wafer from contacting the finger structure to reduce the scratches generated due to the
contact friction with the finger structure due to the curled wafer at a certain degree. Thus, with
the manipulator of embodiments of the present disclosure, the impact on the subsequent
processes caused by the scratches on the surface of the wafer can be reduced, and the yield of the
product can be improved. The manipulator can be applied to the processes of the semiconductor
process apparatus that require to protect the surface of the wafer, such as the back metal process.
[0049] It can be understood that the above embodiments are only exemplary embodiments used
to illustrate the principle of the present disclosure. However, the present disclosure is not limited
to this. For those skilled in the art, various modifications and improvements can be made without
departing from the spirit and essence of the present disclosure, and these modifications and
improvements are also within the protection scope of the present disclosure.

[0050] In the description of the present disclosure, it needs to be understood that the orientation
or position relationship indicated by the terms “center,” “upper,” “lower,” “front,” “rear,” “left,”
“right,” “vertical,” “horizontal,” “top,” “bottom,” “inner,” “outer,” etc., can be the orientation or
position relationship based on the accompanying drawings, are only used to facilitate the
description of the present disclosure and simplifying the description, rather than indicating or
implying the indicated devices or elements must have a particular orientation, be constructed and
operated in a particular orientation, which cannot be construed as limiting the present disclosure.
[0051] The terms “first” and “second” are only used to describe the purposes and cannot be
understood as indicating or implying relative importance or implicitly specifying the quantity of

indicated technical features. Thus, a feature defined by “first” and “second” can explicitly or
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implicitly include one or more of these features. In the description of the present disclosure,
unless otherwise specified, “plurality” means two or more.
[0052] In the description of the present disclosure, it should be noted that unless otherwise

7

specified and limited, the terms “installed,” “connected,” and “coupled” should be understood in
a broad sense. For example, the terms can mean a fixed connection, a detachable connection, or
an integral connection; a direct connection, an intermediate connection through an intermediate
medium, or an internal communication of two elements. For those skilled in the art, specific
meanings of the above terms can be understood according to a specific situation.

[0053] In the description of this specification, specific features, structures, materials, or
characteristics can be combined in any one or more embodiments or examples in an appropriate
manner.

[0054] The above descriptions are only some embodiments of the present disclosure. It should be
pointed out that those skilled in the art can make some improvements and modifications without

departing from the principle of the present disclosure. These improvements and modifications

should also be within the protection scope of the present disclosure.
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CLAIMS
WHAT IS CLAIMED IS:

1. A manipulator configured to transfer a wafer comprising a finger structure and a
plurality of support members, wherein the plurality of the support members are arranged at the
finger structure and distributed at intervals on a same circumference, each support member being
configured to contact an edge of the wafer to support the wafer to prevent the wafer from

contacting the finger structure.

2. The manipulator according to claim 1, wherein each support member includes a
support surface for supporting the wafer, the support surface being an inclined surface inclined
relative to a horizontal plane, and a height of the inclined surface relative to the horizontal plane
gradually increasing in a radial direction of the circumference along a direction away from a

center of the circumference.

3. The manipulator according to claim 2, wherein the inclined surface is a plane and

has an angle with the horizontal plane ranging from 1° to 60°.

4. The manipulator according to claim 3, wherein the angle is 5.75°.

5. The manipulator according to any one of claims 2 to 4, wherein each support

member includes a support body and an anti-slip flexible member arranged at the support body,

the support surface being formed at the anti-slip flexible member.
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6. The manipulator according to claim 5, wherein the anti-slip flexible member is
annular, and a cross-section shape of the anti-slip flexible member satisfies a point contact

between the support surface and the wafer.

7. The manipulator according to claim 5, wherein an installation groove is formed at
the support body, a part of the anti-slip flexible member is arranged inside the installation

groove, and another part is arranged outside the installation groove.

8. The manipulator according to any one of claims 2 to 4, wherein at least one
marking line is provided on the support surface of each supporting member, and each marking

line is used to indicate a position of the edge of the wafer of a size on the support surface.

9. The manipulator according to claim 1, wherein the finger structure includes two
fingers arranged at an interval in a direction parallel to the horizontal plane, and the interval

between the two fingers is set to prevent the wafer from contacting the fingers.

10.  The manipulator according to claim 1, further comprising a positioning member
and a fastener, wherein the positioning member is arranged at the finger structure and configured
to limit a position of the support member at the finger structure, and the fastener is configured to

fixedly connect the support member to the finger structure.
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