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WAFER POLISHING SYSTEM

Technical Field

[0001] The invention belongs to the technical field of semiconductor integrated circuit chip
fabrication, and particularly relates to a wafer polishing system.

Description of Related Art

[0002] A chemical mechanical planarization (CMP) device is one of the seven key devices in
the field of integrated circuit fabrication.

[0003] At present, the chemical mechanical polishing technique has evolved to integrate online
measurement, online end-point detection, cleaning and other processes together, thanks to the
development of integrated circuits towards miniaturization, multi-layer, thinness, and
planarization, and is also a necessary process for increasing the diameter of wafers from 200 mm
to 300 mm or above, increasing productivity, reducing fabrication costs, and realizing global
planarization of substrates.

[0004] A chemical mechanical polishing and planarization device typically comprises an EFEM
(Equipment Front End Module), a cleaning unit and a polishing unit. The EFEM mainly comprises
a wafer box for storing wafers, a wafer transfer manipulator and an air purification system; the
cleaning unit mainly comprises different numbers of megasonic cleaning components, brush
cleaning components, drying components, and devices for transferring wafers between the
components; the polishing unit typically comprises a workbench, a polishing disk, a polishing
head, a polishing arm, a trimmer and a polishing solution arm, and all the components are arranged
on the workbench according to their process positions. It is found from the actual wafer processing
practices that the spatial arrangement of the polishing units, the cleaning and wafer transfer
modules, etc. has a great influence on the polishing output of the whole chemical mechanical

polishing and planarization device; and wafers are generally transferred between the polishing
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units and the outside as well as between the polishing units by means of a loading and unloading
platform.

[0005] As for the spatial arrangement of the loading and unloading platform and the polishing
units, a square arrangement of the loading and unloading platform and three polishing units has
been adopted by most chemical mechanical polishing and planarization devices on the market as
shown in FIG. 1. Four polishing heads are fixed on a cross-shaped rotary workbench, which means
that each wafer entering the polishing area corresponds to one polishing head, one loading and
unloading platform provides loading and unloading service for three polishing units, the number
of the polishing heads and the number of polishing platforms cannot be adjusted, and the polishing
time of each polishing head cannot be separately controlled, leading to poor timeliness and low
flexibility; and liquids on different polishing platforms are easy to splash to result in a cross

influence, compromising the polishing effect and leading to a complex process.

SUMMARY

[0006] To overcome the defects in the prior art, the invention provides a wafer polishing system,
in which each polishing module of the wafer polishing system can be controlled separately, so the
control flexibility is high; all polishing modules share one fixed working position, so the spatial
arrangement of devices is compact; and the movement trajectory of wafers is designed to
guarantee high wafer transfer efficiency, so the polishing efficiency is improved.
[0007] The technical solution adopted by the invention to settle the technical problems is as
follows: a wafer polishing system comprises at least one polishing unit;

the polishing unit comprises a fixed working position and two polishing modules located
on two sides of the fixed working position;

each of the polishing modules comprises a polishing platform and a polishing arm
capable of driving a wafer to rotate with respect to the polishing platform to implement a polishing

process;
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the polishing arms of the polishing modules on the two sides are located in a diagonal
direction of the fixed working position and are able to swing between the fixed working position
and the polishing platforms to transfer the wafer respectively, and movement areas of the polishing
arms have an overlap.
[0008] Further, after the polishing arm of one polishing module obtains the wafer from the fixed
working position, the polishing process is completed, and the wafer is placed back to the fixed
working position along a first trajectory; after the polishing arm of the other polishing module
obtains the wafer from the fixed working position, the polishing process is completed, and the
wafer is placed back to the fixed working position along a second trajectory; and the first trajectory
and the second trajectory are approximately S-shaped.
[0009] Further, the overlap of the movement areas is in a shape of human eye, and a central axis
of the fixed working position passes through a centre of the overlap.
[0010] Further, the first trajectory and the second trajectory are movement trajectories of the
centre of the wafer and have only one point of tangency.
[0011] Further, a swing angle of the polishing arm is less than 180°.
[0012] Further, the fixed working position is configured as a height-adjustable structure, and
when the fixed working position does not interact with the polishing arm for wafer loading or
unloading, the fixed working position is located below a plane where the polishing platform is
located.
[0013] Further, the polishing unit comprises two polishing modules; after a first polishing arm
obtains the wafer from the fixed working position, the wafer is polished on a first polishing
platform; after the polishing module completes the polishing process, the first polishing arm places
the wafer back to the fixed working position and rotates away from the fixed working position, a
second polishing arm obtains the wafer from the fixed working position, and the wafer is polished
on a second polishing platform; and at the same time, another wafer is placed on the fixed working

position.
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[0014] Further, after placing the polished wafer back to the fixed working position, the first
polishing arm further rotates to a cleaning position to be cleaned; and after placing the polished
wafer back to the fixed working position, the second polishing arm further rotates to the cleaning
position to be cleaned.

[0015] Further, the polishing unit comprises at least two polishing modules; after the first
polishing arm obtains the wafer from the fixed working position, the wafer is polished on the first
polishing platform; and at the same time, another wafer is placed on the fixed working position,
the second polishing arm obtains the wafer from the fixed working position, and the wafer is
polished on the second polishing platform.

[0016] Further, a number of the polishing unit is three, the three polishing units are adjacently
arranged in a vertical direction, and each polishing unit is provided with two polishing modules.
[0017] Further, a connecting line between centres of the polishing platforms of the two polishing
modules in each polishing unit intersects with a central axis of the fixed working position.

[0018] The invention has the following beneficial effects: (1) the polishing arm of each
polishing module is controlled separately, so the stability is better, and the flexibility is higher; (2)
the working time of each polishing module can be controlled separately to satisfy different
polishing requirements; (3) the cross influence of polishing liquids of different polishing modules
is avoided, so the polishing effect is better; (4) trajectories in the whole working process are simple
and smooth, and the movement distance in the whole polishing process is short, so the polishing
efficiency is high; (5) by adjacently arranging multiple polishing units in the vertical direction,
any number of polishing units or polishing modules can be selected as required to implement the
whole polishing process to satisfy different process requirements; (6) the overall arrangement is
more compact, and more space is reserved for the arrangement of cleaning positions; (7) one or
more wafers can be polished through the cooperation of multiple polishing modules by means of
only one fixed working position, so the movement path in the polishing process is greatly

shortened, the transfer process and time are minimized, and the polishing efficiency is higher; the
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fixed working position is simple in structure, easy to maintain, lowest in cost and closer to the
polishing modules, so the entire wafer polishing system has a smaller size; movement paths of
wafers in the whole process are S-shaped trajectories to minimize the movement distance, so
volatilization of liquids on surfaces of the wafers can be effectively reduced, and impurities are
less likely to fall onto the wafers; because the two polishing arms share an area only at the fixed
working position, before a wafer is placed to the fixed working position, a robot arm can approach
a non-shared area of the fixed working position to wait for the wafer so as to grab the wafer within
the shortest time, thus maximizing the overall polishing efficiency; and (8) wafer loading and
unloading of the polishing modules on two sides can be realized by means of one fixed working
position, and the working position does not need to be moved close to the polishing module on the

left side or the right side, so control is more accurate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1is asimplified schematic diagram of a wafer polishing system in the prior art.
[0020] FIG. 2 is a schematic diagram of a polishing unit according to Embodiment 1 of the
invention.
[0021] FIG. 3 is a schematic diagram of a polishing module on the left side, with a movement
area and trajectory of a first polishing arm according to Embodiment 1 of the invention.
[0022] FIG. 4 is a schematic diagram of the polishing module on the left side, with a first
trajectory according to Embodiment 1 of the invention.
[0023] FIG. 5 is a schematic diagram of polishing modules on two sides, with movement areas
and trajectories of the first polishing arm and the second polishing arm according to Embodiment
1 of the invention.
[0024] FIG. 6 is a schematic diagram of a polishing module on the right side, with the second
trajectory according to Embodiment 1 of the invention.

[0025] FIG. 7 is a schematic diagram according to Embodiment 1 of the invention.
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[0026] FIG. 8 is a schematic diagram of the arrangement of three polishing units according to
the invention.

[0027] FIG. 9 isa first process diagram according to Embodiment 2 of the invention.

[0028] FIG. 10 is a second process diagram according to Embodiment 2 of the invention.
[0029] FIG. 11 is a third process diagram according to Embodiment 2 of the invention.

[0030] FIG. 12 is a process diagram according to Embodiment 3 of the invention.

[0031] Wherein: 1, polishing unit; 2, fixed working position; 3, polishing module; 311, first
polishing platform; 312, second polishing platform; 321, first polishing arm; 322, second polishing

arm; 41, first trajectory; 42, second trajectory; 5, overlap of movement areas; 51, centre of overlap.

DESCRIPTION OF THE EMBODIMENTS
[0032] To allow those skilled in the art to have a better understanding of the solutions of the
invention, the technical solutions in the embodiments of the invention will be clearly and
completely described below in conjunction with accompanying drawings in the embodiments of
the invention. Obviously, the embodiments in the following description are merely illustrative
ones, and are not all possible ones of the invention. All other embodiments obtained by those
ordinarily skilled in the art according to the following ones without creative labor should also fall
within the protection scope of the invention.
[0033] Embodiment 1
[0034] A wafer polishing system comprises at least one polishing unit 1.
[0035] As shown in FIG. 2, the polishing unit 1 comprises a fixed working position 2 and at
least two polishing modules 3 located on two sides of the fixed working position 2.
[0036] Each polishing module 3 comprises a polishing platform and a polishing arm capable of
driving a wafer to move with respect to the polishing platform to implement a polishing process;
here, “move” means that the wafer moves synchronously with the polishing arm or the wafer and

the polishing arm move relatively;
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[0037] The polishing arms of the polishing modules 3 on the two sides are located in a diagonal
direction of the fixed working position 2 and are able to swing between the fixed working position
and the polishing platforms to transfer wafers respectively, and movement areas of the polishing
arms have an overlap. Here, the polishing arm comprises a rotating arm and a polishing head for
adsorbing wafers. Because the polishing head can move with respect to the rotating arm, more
specifically, the polishing arms of the polishing modules 3 are located in the diagonal direction of
the fixed working position 2 when the polishing modules 3 are used for polishing wafers, or the
rotating arms are always located in the diagonal direction of the fixed working position 2.

[0038] In this embodiment, the polishing unit 1 comprises two polishing modules 3, that is to
say, one polishing module 3 is arranged on each of the two sides of the fixed working position.
For example, based on the direction shown in FIG. 2, a first polishing module located on the left
side of the fixed working position 2 comprises the first polishing platform 311 and the first
polishing arm 321, and the second polishing module located on the right side of the fixed working
position 2 comprises the second polishing platform 312 and the second polishing arm 322.
[0039] Asshown in FIG. 3 and FIG. 4, after obtaining a wafer from the fixed working position
2, the first polishing arm 321 of the first polishing module anticlockwise rotates onto the first
polishing platform 311; after the first polishing module completes the polishing process, the first
polishing arm 321 clockwise rotates to place the wafer back to the fixed working position 2 along
a first trajectory 41, and the swing angle of the first polishing arm 321 is less than 180°.

[0040] Of course, in other embodiments, the first polishing arm 321 may clockwise rotate onto
the first polishing platform 311 and anticlockwise rotate to place the wafer back to the fixed
working position 2 after the first polishing module completes the polishing process.

[0041] Asshown in FIG. 5 and FIG. 6, after obtaining a wafer from the fixed working position
2, the second polishing arm 322 of the second polishing module clockwise rotates onto the second
polishing platform 321; after the second polishing module completes the polishing process, the

second polishing arm 322 anticlockwise rotates to place the wafer back to the fixed working
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position 2 along a second trajectory 42, and the swing angle of the second polishing arm 322 is
less than 180°.

[0042] Of course, in other embodiments, the second polishing arm 322 may anticlockwise rotate
onto the second polishing platform 321 and clockwise rotate to place the wafer back to the fixed
working position 2 after the second polishing module completes the polishing process.

[0043] The first trajectory 41 and the second trajectory 42 are approximately S-shaped, and to
be exact, the middle of the S-shaped first trajectory 41 and the middle of the S-shaped second
trajectory 42 are located on the fixed working position 2. In addition, as shown in FIG. 5, the
overlap 5 of the movement areas is eye-shaped, and a central axis of the fixed working position 2
passes through a centre 51 of the overlap. The first trajectory 41 and the second trajectory 42 are
broad movement trajectories, which not only comprise movement trajectories of outer edges of
the polishing arms, and may also be movement trajectories of any one point of the wafer, including
movement trajectories of the centre of the wafer. Here, the first trajectory 41 and the second
trajectory 42 refer to the movement trajectories of the centre of the wafer and have only one point
of tangency, as shown in FIG. 7.

[0044] To prevent the fixed working position 2 from interfering with the movement of the first
polishing arm 321 and the second polishing arm 322, the fixed working position 2 is designed into
a height-adjustable structure. When the fixed working position 2 does not interact with the first
polishing arm 321 for wafer loading or unloading, the fixed working position 2 is located below a
plane where the first polishing platform 311 is located. When the fixed working position 2 does
not interact with the second polishing arm 322 for wafer loading or unloading, the fixed working
position 2 is located below a plane where the second polishing platform 321 is located. The
specific height-adjustable structure of the fixed working position 2 can be implemented through
existing techniques and will not be repeated here.

[0045] Asshown in FIG. 8, in this embodiment, a number of the polishing unit is three, the three

polishing units 3 are adjacently arranged in a vertical direction, and each polishing unit 1 is
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provided with two polishing modules 3.

[0046] A connecting line between centres of the polishing platforms of the two polishing
modules 3 in each polishing unit 1 intersects with the central axis of the fixed working position 2.
That is to way, a connecting line between the centre of the first polishing platform 311 and the
centre of the second polishing platform 321 passes through an extended line of the central axis of
the fixed working position 2.

[0047] Embodiment 2

[0048] In this embodiment, under the condition that the polishing unit 1 comprises two polishing
modules 3, after the first polishing arm 321 of the first polishing module obtains a wafer from the
fixed working position 2, the wafer is polished on the first polishing platform 311, as shown in
FIG. 9; and after the first polishing module completes the polishing process, the first polishing
arm 321 places the wafer back to the fixed working position 2 along the first trajectory 41 and
further rotates from the fixed working position 2 in the same direction to a cleaning position to be
cleaned, as shown in FIG. 10.

[0049] After the second polishing arm 322 of the second polishing module obtains the same
wafer from the fixed working position 2, the wafer is polished on the second polishing platform
321; and after the second polishing module completes the polishing process, the second polishing
arm 322 places the wafer back to the fixed working position 2 along the second trajectory 42 and
further rotates from the fixed working position 2 in the same position to a cleaning position to be
cleaned, as shown in FIG. 11.

[0050] Embodiment 3

[0051] The same wafer is processed in Embodiment 1 and Embodiment 2, while in this
embodiment, different wafers are processed.

[0052] Inthis embodiment, under the condition that the polishing unit 1 comprises two polishing
modules 3, after the first polishing arm 321 of the first polishing module obtains a first wafer from

the fixed working position 2, the first wafer is polished on the first polishing platform 311, such
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that the polishing process is completed by the first polishing module.

[0053] At the same time, a second wafer is placed on the fixed working position 2 by means of
a robot arm.

[0054] Asshown in FIG. 12, after the second polishing arm 322 of the second polishing module
obtains the second wafer form the fixed working position 2, the second wafer is polished on the
second polishing platform 321, such that the polishing process is completed by the second
polishing module.

[0055] The above specific embodiments are merely used for explaining the invention, and are
not intended to limit the invention. Any modifications and variations made to the invention within
the spirit of the invention and the protection scope of the claims should also fall within the

protection scope of the invention.
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WHAT IS CLAIMED IS:

1. A wafer polishing system, characterized in that, comprising:

at least one polishing unit;

wherein, the polishing unit comprises a fixed working position and two polishing
modules located on two sides of the fixed working position;

each of the polishing modules comprises a polishing platform and a polishing arm
capable of driving a wafer to rotate with respect to the polishing platform to implement a polishing
process;

the polishing arms of the polishing modules on the two sides are located in a diagonal
direction of the fixed working position and are able to swing between the fixed working position
and the polishing platforms to transfer the wafer respectively, and movement areas of the polishing
arms have an overlap.

2. The wafer polishing system according to claim 1, characterized in that, after the
polishing arm of one polishing module obtains the wafer from the fixed working position, the
polishing process is completed, and the wafer is placed back to the fixed working position along
a first trajectory; after the polishing arm of the other polishing module obtains the wafer from the
fixed working position, the polishing process is completed, and the wafer is placed back to the
fixed working position along a second trajectory; and the first trajectory and the second trajectory
are approximately S-shaped.

3. The wafer polishing system according to claim 1, characterized in that, an overlap
of the movement areas is eye-shaped, and a central axis of the fixed working position passes
through a centre of the overlap.

4. The wafer polishing system according to claim 2, characterized in that, the first
trajectory and the second trajectory are movement trajectories of a centre of the wafer and have
only one point of tangency.

5. The wafer polishing system according to claim 1, characterized in that, a swing angle
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of the polishing arm is less than 180°.

6. The wafer polishing system according to claim 1, characterized in that, the fixed
working position is configured as a height-adjustable structure, and when the fixed working
position does not interact with the polishing arm for wafer loading or unloading, the fixed working
position is located below a plane where the polishing platform is located.

7. The wafer polishing system according to claim 1, characterized in that, the polishing
unit comprises two polishing modules; after a first polishing arm obtains the wafer from the fixed
working position, the wafer is polished on a first polishing platform; after one polishing module
completes the polishing process, the first polishing arm places the wafer back to the fixed working
position and rotates away from the fixed working position, a second polishing arm obtains the
wafer from the fixed working position, and the wafer is polished on a second polishing platform;
and at the same time, another wafer is placed on the fixed working position.

8. The wafer polishing system according to claim 7, characterized in that, after placing
the polished wafer back to the fixed working position, the first polishing arm further rotates to a
cleaning position to be cleaned; and after placing the polished wafer back to the fixed working
position, the second polishing arm further rotates to a cleaning position to be cleaned.

9. The wafer polishing system according to claim 1, characterized in that, the polishing
unit comprises at least two said polishing modules; after a first polishing arm obtains the wafer
from the fixed working position, the wafer is polished on a first polishing platform; and at the
same time, another wafer is placed on the fixed working position, a second polishing arm obtains
the wafer from the fixed working position, and the wafer is polished on a second polishing
platform.

10. The wafer polishing system according to claim 1, characterized in that, a number
of the polishing unit is three, the three polishing units are adjacently arranged in a vertical direction,
and each polishing unit is provided with two polishing modules.

11. The wafer polishing system according to claim 10, characterized in that, a
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connecting line between centres of the polishing platforms of the two polishing modules in each

polishing unit intersects with a central axis of the fixed working position.
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