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DESCRIPTION

TITLE:
CMP WAFER CLEANING EQUIPMENT, WAFER TRANSFER ROBOT AND

WAFER FLIPPING METHOD

Technical Field
[01] The invention relates to the field of equipment for manufacturing semiconductor
integrated circuit chips, in particular to a CMP wafer cleaning equipment, a wafer transfer

robot and a wafer flipping method thereof.

Description of Related Art

[02] With the rapid development of semiconductor industry, the critical dimension of
integrated circuits continues to be miniaturized, and semiconductor wafers continue to
develop toward small size, high circuit density, fast speed, and low power consumption.
Integrated circuits have now entered the technological stage of ultra-large-scale integration
(ULSI) of submicron size. Silicon wafers have the diameter gradually increased,
accompanied by the radually narrowed scribed lines in the component and increased number
of metal layers, therefore the high planarization of semiconductor film surface has a
significant impact on the high performance, low cost, and high yield of devices. As a result,
the flatness requirements on the surface of silicon wafers will become increasingly rigorous.
[03] Currently, Chemical Mechanical Planarization (CMP), as the only leveling technology
that can obtain a global planarization effect, has integrated technologies such as online
measurement, online endpoint detection, cleaning, etc. As the product of integrated circuits

toward miniaturization, multilayer, thinning, and planarization, CMP is also the technology
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necessary for the transition of wafers from 200mm to 300mm, or to larger diameters, and
necessary for the improvement of productivity, the lowering of manufacturing costs, and
the whole planarization of substrate.

[04] After the wafer is processed by CMP, on the one hand, the objects removed and
polishing liquid will remain on the wafer surface. In order to remove contaminants on wafer
surface in time, the CMP equipment needs to be used together with cleaning equipment.
Mainstream cleaning equipment is presently provided with vertical cleaning method and
horizontal cleaning method, and each equipment is configured with different cleaning unit.
Vertical cleaning unit can save equipment space, and present more consistent megasonic
cleaning and scrubbing process. However, due to the influence of gravity during spin-drying,
vertical cleaning unit has the drying effect inferior to the horizontal cleaning unit, while the
latter is not conducive to timely removal of pollutants from wafer surface. It is therefore
necessary to comprehensively consider the placement method of wafers based on the
characteristics of cleaning unit and spin-drying unit, as well as the specific conversion of
wafer placement mode. In addition, once the CMP wafer cleaning equipment fails, it is also
necessary to consider how to safely store the wafers that have completed the polishing
process without affecting the cleanliness of wafer surface.

[05] On the other hand, one of the basic requirements in the process of wafer drying is to
dry the wafers and prevent any particles originally attached to the solution from reattaching
to the wafer. In order to achieve a better cleaning effect for the entire cleaning module, the
drying unit can be placed horizontally, with other cleaning units placed vertically. In this
configuration, in order to convert the wafer from a vertical state to a horizontal state, the
wafer transfer robot has to support flipping to complete this work. In the existing cleaning
robots, some of the claw clamping arms do not support rotation, and can only have a single

degree of freedom of up and down movement at Z-axis, and flip wafers through the wafer
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claw. However, this method requires the movement of entire robot onto the top of drying
equipment so that the claw clamping arm can put the wafers that have been flipped over by
the wafer claws into the drying equipment. Since the wafer transfer robot is located in the
placement process above the drying equipment, the cleanliness of wafer would be easily
lowered due to the impurity particles introduced into the final drying process. Moreover,
the wafer transfer robot has its transverse travel running through the entire cleaning module,

and the long-travel transfer also has a certain impact on the transfer efficiency.

Disclosure of an Invention

[06] One of the objectives of the invention is to provide corresponding transfer methods for
different configuration schemes of various cleaning units, and propose a safe storage
solution for the wafers that have been polished when the CMP wafer cleaning equipment
fails during cleaning, in order to effectively solve the problem of safe storage of wafers
between procedure conversion.

[07] The second objective of the invention is to provide a wafer transfer robot and its wafer
flipping method to meet the process requirements of chemical mechanical planarization by
realizing the conversion of the wafer in the horizontal and vertical states, and to exclude the
possibility of impurity particles on the moving parts of the wafer transfer robot scattered on
the wafer during drying process.

[08] In order to achieve the first objective, the technical solution proposed by the invention
is a CMP wafer cleaning equipment, comprising a cleaning input unit, a megasonic cleaning
unit, a number of scrubbing units, and a spin-drying unit arranged in sequence, in addition,
it also includes a transfer robot located above the cleaning equipment, comprising a
horizontal movement axis, a vertical movement axis and a number of wafer grabbing

devices, which can transport wafers between the units. The wafer grabbing device near the
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side of the spin-drying unit can grab and flip the wafers with independent wafer flipping
function.

[09] The above equipment also includes a polished wafer channel located between the
cleaning input unit and the megasonic cleaning unit, so that the wafers before CMP process
can conveniently pass through the cleaning equipment when entering the polishing area.
[010] Both the polished wafer channel and the wafer bracket in the cleaning input unit
can be moved out simultaneously or separately to facilitate wafer loading.

[011] The above equipment also includes a buffer unit, which is located in front of the
cleaning input unit and can temporarily store a number of wafers.

[012] Preferably, 2-10 wafers can be temporarily stored in the buffer unit.

[013] A water injector is installed in the buffer unit to prevent the wafers from being
dried without being cleaned.

[014] Preferably, the wafers are in the vertical direction during cleaning and brushing,
and in the horizontal direction during spin-drying.

[015] When the process requirements for vertical spin-drying can meet the processing
requirements, the wafers are in the vertical direction during cleaning, brushing, and spin-
drying.

[016] In the direction from the cleaning input unit to the spin-drying unit, the transfer
robot sequentially includes the first wafer grabbing device and the second wafer grabbing
device.

[017] In the condition of accepted cleaning capacity, the CMP wafer cleaning
equipment also includes an independent flipping robot that is designed to eliminate the need
for the wafer grabbing device close to the spin-drying unit to turn the wafers, and is used to
grab and flip the wafers in the wafer grabbing device.

[018] Compared with the prior art, the present invention has the following beneficial
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technical effects:

[019] 1. The buffer unit introduced in the invention enhances fault tolerance of the entire
cleaning equipment. If, during wafer cleaning, the CMP wafer cleaning equipment fails, the
polished wafers can be safely and effectively stored, and the problem of safe storage of
wafers between procedure conversion is effectively addressed.

[020] 2. In order to utilize the equipment space more effectively, the CMP wafer
cleaning equipment also includes a polished wafer channel located between the cleaning
input unit and the megasonic cleaning unit, so that the wafers before CMP process can
conveniently pass through the cleaning equipment when entering the polishing area.

[021] 3. According to different wafer cleaning process requirements, cleaning units can
be all in vertical mode, or the spin-drying unit is switched to horizontal mode.

[022] 4. The transfer robot integrates two sets of grabbing devices on one set of
horizontal motion axis, which improves the transfer efficiency and avoids the potential risk
of mutual collision among multiple sets of horizontal axes designed.

[023] In order to achieve the second objective above, the invention provides a wafer
transfer robot used to transfer the wafers in the cleaning module of the chemical
mechanical planarization equipment, to take out the wafers that have been cleaned in the
cleaning unit in a vertical state, and to flip over and place them horizontally into the drying
unit of the cleaning module, including:

[024] A horizontal transfer shaft only located on one side of the cleaning unit;

[025] A horizontal transfer carriage that is arranged on the horizontal transfer shaft and
can move laterally along the horizontal transfer shaft;

[026] The first vertical lifting shaft that is arranged on the lateral transfer pallet and can
perform vertical movement on the lateral transfer carriage;

[027] A rotating platform arranged on the first vertical lifting shaft;
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[028] The first jaw clamping arm which is connected to the rotating table and driven by
the rotating platform to make rotational movement for wafer grabbing and placement.
[029] For the above-mentioned wafer transfer robot, wherein the cleaning unit and
drying unit is installed with switchable doors for automatic opening or closing when the
wafer transfer robot grabs and places wafers.

[030] For the above-mentioned wafer transfer robot, wherein the cleaning unit includes
a pre-drying unit and other units of cleaning module, which are located on both sides of the
pre-drying unit; the pre-drying unit works in vertical direction; the wafers in the pre-drying
unit are transferred to the drying unit by the first jaw clamping arm; the other units of
cleaning module may be one or more of the wafer transition unit, megasonic cleaning unit,
and scrubbing unit.

[031] For the above-mentioned wafer transfer robot, wherein the wafer transfer robot
further includes: at least one second vertical lifting shaft, which is arranged on the lateral
transfer carriage and can perform vertical movement on the lateral transfer carriage; the first
vertical lifting shaft is located between the second vertical lifting shaft and the drying unit;
each of the second vertical lifting shafts is also provided with a second claw clamping arm
that can be used to transfer wafers from the other units of cleaning module to the pre-drying
unit in combination with the first claw clamping arm.

[032] The present invention also provides a wafer flipping method for a wafer transfer
robot, wherein the method includes a wafer placement and robot returning;

[033] The placement of wafer includes the following steps: after taking out the wafer
from the pre-drying unit of cleaning unit, the first jaw clamping arm performs interactive or
non-interactive actions in three movement directions: horizontal, vertical, and rotation, flips
the wafer from the vertical state to the horizontal state, and places it in the drying unit;

[034] Robot returning includes the following steps: after placing the wafer in the drying
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unit, the first jaw clamping arm restores from horizontal state to vertical state through
interactive or non-interactive actions in three movement directions: horizontal, vertical, and
rotation, and returns to the original position.

[035] For the above-mentioned wafer flipping method by wafer transfer robot, the
placement of wafer specifically includes the following steps:

[036] After taking out the wafer from pre-drying unit, the first jaw clamping arm moves
in the following three directions simultaneously: the horizontal transfer carriage drives the
first jaw clamping arm to make transverse motion away from the drying unit; the rotating
platform drives the first jaw clamping arm to rotate to the side close to the drying unit until
the wafer reaches a horizontal state, and the first vertical lifting shaft drives the first jaw
clamping arm to move vertically to a certain position;

[037] Then the horizontal transfer carriage drives the first jaw clamping arm to move
laterally towards the drying unit until the wafer is positioned above drying unit; the first
vertical lifting shaft drives the first jaw clamping arm to move vertically downwards until
the wafer is positioned on the designated mechanism inside the drying unit; the first jaw
clamping arm releases the wafer so that the wafer is positioned on the designated mechanism
inside the drying unit.

[038] For the above-mentioned wafer flipping method by wafer transfer robot, the
placement of wafer specifically includes the following steps: After the first jaw clamping
arm takes out the wafer from the pre-drying unit, the horizontal transfer carriage drives the
first jaw clamping arm to make transverse motion away from the drying unit; the rotating
platform drives the first jaw clamping arm to rotate to the side close to the drying unit until
the wafer reaches a horizontal state, and the first vertical lifting shaft drives the first jaw
clamping arm to move vertically to a certain position; then the horizontal transfer carriage

drives the first jaw clamping arm to move laterally towards the drying unit until the wafer
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is positioned above drying unit; the first vertical lifting shaft drives the first jaw clamping
arm to move vertically downwards until the wafer is positioned on the designated
mechanism inside the drying unit; the first jaw clamping arm releases the wafer so that the
wafer is positioned on the designated mechanism inside the drying unit.

[039] For the above-mentioned wafer flipping method by wafer transfer robot, the
placement of wafer specifically includes the following steps: After the first jaw clamping
arm takes out the wafer from the pre-drying unit, the horizontal transfer carriage drives the
first jaw clamping arm to make transverse motion away from the drying unit; the rotating
platform drives the first jaw clamping arm to rotate to the side close to the drying unit until
the wafer reaches a horizontal state, and then the horizontal transfer carriage drives the first
jaw clamping arm to move laterally towards the drying unit until the wafer is positioned
above drying unit; the first vertical lifting shaft drives the first jaw clamping arm to move
vertically downwards until the wafer is positioned on the designated mechanism inside the
drying unit; the first jaw clamping arm releases the wafer so that the wafer is positioned on
the designated mechanism inside the drying unit.

[040] For the above-mentioned wafer flipping method by wafer transfer robot, the
placement of wafer specifically includes the following steps: after the first jaw clamping
arm takes out the wafer from the pre-drying unit, the rotating platform drives the first jaw
clamping arm to rotate to the side close to the drying unit until the wafer reaches a horizontal
state, and then the horizontal transfer carriage drives the first jaw clamping arm to move
laterally towards the drying unit until the wafer is positioned above drying unit; the first
vertical lifting shaft drives the first jaw clamping arm to move vertically downwards until
the wafer is positioned on the designated mechanism inside the drying unit; the first jaw
clamping arm releases the wafer so that the wafer is positioned on the designated mechanism

inside the drying unit.
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[041] For the above-mentioned wafer flipping method by wafer transfer robot, Robot
returning specifically includes the following steps: the first jaw clamping arm moves in the
following three directions simultaneously when the wafer is positioned at drying unit: the
horizontal transfer carriage drives the first jaw clamping arm to make transverse motion
away from the drying unit; the rotating platform drives the first jaw clamping arm to rotate
downward unit until the latter is in a vertical state, and the first vertical lifting shaft drives
the first jaw clamping arm to move up vertically to a certain position;

[042] For the above-mentioned wafer flipping method by wafer transfer robot, Robot
returning specifically includes the following steps: when the wafer is positioned at drying
unit, the first vertical lifting shaft drives the first jaw clamping arm to move up vertically to
a certain position; the horizontal transfer carriage drives the first jaw clamping arm to make
transverse motion to a certain position away from the drying unit; and then the rotating
platform drives the first jaw clamping arm to rotate downward unit until the latter is in a
vertical state;

[043] For the above-mentioned wafer flipping method by wafer transfer robot, Robot
returning specifically includes the following steps: when the wafer is positioned at drying
unit, the horizontal transfer carriage drives the first jaw clamping arm to make transverse
motion to a certain position away from the drying unit; the first vertical lifting shaft drives
the first jaw clamping arm to move up vertically to a certain position; and then the rotating
platform drives the first jaw clamping arm to rotate downward unit until the latter is in a
vertical state;

[044] Compared with the prior art, the present invention has the following beneficial
effects:

[045] 1. The wafer transfer robot provided by the invention is arranged in the cleaning

module of the chemical mechanical planarization equipment, which can effectively convert
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the wafer between horizontal state and vertical state and meet the actual production
requirements. Robot flipping needs no additional space, nor will it interfere with other
mechanisms, characterized by higher space utilization.

[046] 2. The wafer transfer robot in the invention enables the drying unit to select the
wafer placement mode (vertical or horizontal) for the purpose of achieving the best effect,
and the wafer placement mode of the drying unit is not required to be the same as that of
the rest of the cleaning module to facilitate wafer transfer.

[047] 3. Since the lateral transfer shaft of the wafer transfer robot only moves to the pre-
drying unit, a relatively rational travel, the lateral transfer carriage will not run to the side
of the drying unit when the robot is placing a wafer in the drying unit after flipping, thereby
excluding the possibility of impurity particles on the moving parts of the wafer transfer

robot scattered on the wafer during drying process.

BRIEF DESCRIPTION OF THE DRAWINGS

[048] FIG. 1 is a structural diagram of the wafer cleaning equipment of the invention;
[049] FIG. 2 is a three-dimensional effect diagram of the wafer cleaning equipment;
[050] FIG. 3 is a three-dimensional effect diagram of the first embodiment of the
invention;

[051] FIG. 4 is a three-dimensional effect diagram of the second embodiment of the
invention;

[052] FIG. 5 is a three-dimensional effect diagram of the third embodiment of the
invention;

[053] FIG. 6 is a schematic structural diagram of a preferred embodiment of the wafer
transfer robot of the invention;

[054] FIG. 7 is a schematic flowchart of Embodiment 1 of wafer placement in the wafer
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flipping method of the invention;
[055] FIG. 8 is a schematic flowchart of Embodiment 2 of wafer placement in the wafer
flipping method of the invention;
[056] FIG. 9 is a schematic flowchart of Embodiment 3 of wafer placement in the wafer
flipping method of the invention;
[057] FIG. 10 is a schematic flowchart of Embodiment 4 of wafer placement in the

wafer flipping method of the invention.

DESCRIPTION OF THE EMBODIMENTS

[058] The present invention will be further described below through specific
embodiments with reference to the accompanying drawings. These embodiments are only
used to illustrate the present invention other than to limit its protection scope.

[059] As shown in FIG. 1 and 2, the wafer cleaning equipment for post-CMP cleaning
provided by the invention includes a buffer unit 8, a cleaning input unit 1, a polished wafer
channel 10, a megasonic cleaning unit 2, a scrubbing unit 3, a scrubbing unit 4, a spin-drying
unit 5, transfer robot 6 and flipping robot 7.

[060] In the CMP wafer cleaning equipment, buffer unit 8, cleaning input unit 1,
polished wafer channel 10, megasonic cleaning unit 2, scrubbing unit 3, scrubbing unit 4,
and spin-drying unit 5 are arranged in a row in sequence. A set of transfer robots 6 is
arranged above the cleaning unit. The transfer robot 6 includes a horizontal movement axis
601, a vertical movement axis 602, the first wafer grabbing device 603 and the second wafer
grabbing device 604.

[061] In order to facilitate the pre-CMP wafer to easily pass through the cleaning unit
when entering the polishing area, a polished wafer channel 10 is provided in the cleaning

unit. The polished wafer needs to be cleaned immediately. The wafer to be cleaned 9 is first
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placed into the cleaning input unit 1, where a water spray device is designed to prevent the
wafer 9 from becoming dry while waiting.

[062] After the next cleaning unit, megasonic cleaning unit 2, finishes processing, the
second wafer grabbing device 604 of transfer robot 6 grabs and cleans wafer 9 in the
cleaning input unit 1 along the vertical movement axis 602, the first wafer grabbing device
603 and second wafer grabbing device 604 transfer wafers to the top of megasonic cleaning
unit 2 along the horizontal movement axis 601; the first wafer grabbing device 603 picks
up wafer 9 in the megasonic cleaning unit 2 along the vertical movement axis 602, and the
second wafer grabbing device 604 places wafer 9 into the megasonic cleaning unit 2 along
the vertical movement axis 602.

[063] After the next cleaning unit, scrubbing unit 3, finishes processing, the first wafer
grabbing device 603 and second wafer grabbing device 604 transfer wafers to the top of
scrubbing unit 3 along the horizontal movement axis 601; the second wafer grabbing device
604 picks up wafer 9 in the scrubbing unit 3 along the vertical movement axis 602, and the
first wafer grabbing device 603 places wafer 9 into the scrubbing unit 3 along the vertical
movement axis 602.

[064] After the next cleaning unit, scrubbing unit 4, finishes processing, the first wafer
grabbing device 603 and second wafer grabbing device 604 transfer wafers to the top of
scrubbing unit 4 along the horizontal movement axis 601; the first wafer grabbing device
603 picks up wafer 9 in the scrubbing unit 4 along the vertical movement axis 602, and the
second wafer grabbing device 604 places wafer 9 into the scrubbing unit 4 along the vertical
movement axis 602.

[065] After the next cleaning unit, spin-drying unit 5, finishes processing, flipping robot
7 picks up wafer 9 in the grabbing device 603 and flips and places it in the spin-drying unit

5. After the wafer 9 is processed in the spin-drying unit 5, the entire cleaning process is
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completed, and wafer 9 is taken away by other robots. Wafer 9 is cleaned in this cycle.
[066] When one or more of cleaning units fails, the wafer 9 in the cleaning input unit 1
will be placed in the buffer unit 8 by grabbing device 604. According to the capacity of the
polishing equipment, the buffer unit can be designed to accommodate 2 to 10 wafers 9.
[067] In addition, the CMP wafer cleaning equipment of the invention generally also
integrates a CMP polishing equipment and an equipment front-end module (EFEM). A
robot responsible for transferring wafers is arranged between CMP wafer cleaning
equipment and CMP polishing equipment.

[068] The wafer processed in the CMP polishing equipment is transferred by the robot
to the cleaning input unit 1 of the invention. With the aid of transfer robot 6 and flipping
robot 7, the wafer 9 sequentially passes through the megasonic cleaning unit 2 and the
scrubbing unit 3, scrubbing unit 4 and spin-drying unit 5 through the entire cleaning process,
and the robot in EFEM finally takes away the wafer 9 in the spin-drying unit 5.

[069] The integrated CMP polishing equipment can simultaneously polish varying
numbers (two or more) of wafers. In order to avoid the failure to safely store polished wafers
due to the malfunction of CMP wafer cleaning equipment, a buffer unit 8 is designed in the
cleaning equipment of the invention. Depending on the processing capacity of the integrated
CMP polishing equipment, the buffer unit 8 can temporarily store 2 to 10 wafers, and it is
also designed with a water spray device to prevent the wafers from being dried before
cleaned.

[070] As an embodiment, as shown in FIG. 3, the cleaning input unit 1 and polishing
wafer channel 10 may be designed to be movable. When there are wafers in the CMP
polishing equipment to be cleaned, the wafer bracket 11 in the cleaning input unit 1 moves
out from the tank to load the wafers, and return to the cleaning input unit 1 after loaded with

wafers. Similarly, the wafer to be polished is placed from EFEM unit on the wafer bracket
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12 in the polished wafer channel 10, and wafer bracket 12 can move out a corresponding
distance to facilitate the robot of CMP polishing equipment to fetch the wafer. The cleaning
wafer bracket 11 and channel wafer bracket 12 may move simultaneously, or may be
designed to move independently. This design shortens the travel distance of the robot in
CMP polishing equipment and reduces the area occupied by the equipment.

[071] As the second embodiment, as shown in FIG. 4, the wafer grabbing device 603
can be designed with wafer flipping function. This can eliminate a flipping robot, but will
increase transfer time. This embodiment can be used if the cleaning capacity allows.

[072] As the third embodiment, as shown in FIG. 5, all the cleaning units are designed
in a vertical manner, so that the wafer 9 is not flipped over when entering the spin-drying
unit 5. The wafer transfer unit features simple mechanical structure and high transfer
efficiency. This embodiment can be used when vertical spin drying meets the processing
requirements.

[073] As shown in FIG. 6, the wafer transfer robot provided by the invention is used to
transfer the wafer 9 in the cleaning module of the chemical mechanical planarization
equipment, to take out the wafer 9 that have been cleaned in the cleaning unit in a vertical
state, and to flip over and place it horizontally into the drying unit 21 of the cleaning module.
In some preferred embodiments, the cleaning unit and the drying unit 21 are equipped with
a switchable pneumatic door for automatically opening or closing wafer 9 when the wafer
transfer robot grabs and places the wafer 9.

[074] The cleaning unit of cleaning module includes: a pre-drying unit 20 and other
units of the cleaning module; the drying unit 21 and other units of the cleaning module are
located on both sides of the pre-drying unit 20; in some preferred embodiments, the pre-
drying unit 20 may be a scrubbing unit in which the wafer 9 is operated in a vertical direction;

other units of the cleaning module can be one or more of the wafer transition unit, megasonic
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cleaning unit, and scrubbing unit. The specific settings of the cleaning unit can be freely
combined according to needs of actual production for flexible applications.

[075] In this embodiment, the wafer transfer robot provided by the invention includes:
a transverse transfer shaft 13, a transverse transfer carriage 14, the first vertical lift shaft 15,
the second vertical lift shaft 17, and the first jaw clamping arm 19 and the second jaw
clamping arm 18.

[076] The lateral transfer carriage 14 is arranged on the lateral transfer shaft 13 and can
move laterally along the lateral transfer shaft 13; the lateral transfer shaft 13 is only located
on one side of the cleaning unit, so that the lateral transfer carriage 14 will not run to the
side of the drying unit 21, thereby excluding the possibility of impurity particles on the
moving parts of the wafer transfer robot scattered on the wafer 9 during drying process. It
should be noted that the horizontal transfer shaft 13 only needs to be in a proper position so
that the horizontal transfer carriage 14 does not run to the side of the drying unit, and there
is no particular limitation for the spatial relative position of horizontal transfer shaft 13 and
cleaning unit. The lateral transfer shaft 13 can be lower than the cleaning unit, as long as
the wafer transfer robot can grab and place the wafer 9. More preferably, the transverse
transfer shaft 13 is arranged above the cleaning unit for more optimal arrangement.

[077] The first vertical lifting shaft 15 and the second vertical lifting shaft 17 arranged
side by side on the lateral transfer carriage 14, can independently move vertically and
upwardly on the lateral transfer carriage 14 respectively. The first vertical lifting shaft 15 is
also provided with a rotating platform 16 to drive the rotation of the first claw clamping arm
19 connected to it. The rotating platform 16 is pneumatically or electrically driven. The
second vertical lifting shaft 17 is directly connected to the second jaw clamping arm 18.
The first jaw clamping arm 19 is closer to the drying unit 21 than the second jaw clamping

arm 18, and is used to transfer wafer 9 from pre-drying unit 20 to drying unit 21.
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[078] The second jaw clamping arm 18 is used to transfer wafer 9 from other units of
the cleaning module to the pre-drying unit 20. In this embodiment, the second jaw clamping
arm 18 is provided for the purpose of higher production efficiency since the wafer 9 to be
processed can enter the pre-drying unit 20 for processing immediately after the first jaw
clamping arm 19 removes wafer 9 from pre-drying unit 20. However, in some embodiments,
the arrangement of no second jaw clamping arm 18 does not affect the resolution of
technical problems and the technical effect achieved by the invention. Therefore, the
number of the second jaw clamping arms 18 is not limited in the invention, and can be
determined according to the actual production.

[079] The horizontal transfer shaft 13 is arranged on the side of the pre-drying unit 20,
and the other units of cleaning module are placed under the horizontal transfer shaft 13 in
the order shown in FIG. 6. The second jaw clamping arm 18 can be raised and lowered in
the Z-axis direction through the second vertical lifting shaft 17, the first jaw clamping arm
19 can be rotated clockwise or counterclockwise through the rotary platform 16, and the
rotary platform 16 can be raised and lowered in the Z-axis direction through the first vertical
lifting shaft 15, and the horizontal transfer carriage 14 moves in the X-axis direction through
the horizontal transfer shaft 13. Both the pre-drying unit 20 and other units of cleaning
module are the front-end units for drying the wafer 9. The function of drying unit 21 is to
dry and clean the surface of washed wafer 9, and the function of wafer transfer robot is to
transport wafer 9 to each unit of the cleaning module through the lateral movement, vertical
movement and rotational movement after clamping wafer 9.

[080] The invention also provides a method of flipping wafer 9 by the above-mentioned
wafer transfer robot. The method includes the steps of wafer placement 9 and Robot
returning.

[081] The placement of wafer 9 includes the following steps: after taking out the wafer
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9 from the pre-drying unit of cleaning unit, the first jaw clamping arm 19 performs
interactive or non-interactive actions in three movement directions: horizontal, vertical, and
rotation, flips wafer 9 from vertical state to horizontal state, and places wafer 9 in the drying
unit;

[082] Robot returning includes the following steps: after placing the wafer 9 in the
drying unit 21, the first jaw clamping arm 19 restores from horizontal state to vertical state
through interactive or non-interactive actions in three movement directions: horizontal,
vertical, and rotation, and returns to the original position.

[083] The method provided by the invention of flipping wafer 9 based on the wafer
transfer robot will be described in detail in the following seven embodiments. Of course,
specific embodiments that can flip wafer 9 described in the invention are not limited to the
following seven embodiments.

[084] Embodiment 1:

[085] After the first jaw clamping arm 19 moves along the Z-axis direction to take out

the wafer 9 from pre-drying unit 20 (as shown in part (D in FIG. 7), as shown in part 2

in FIG. 7, the lateral transfer carriage 14 moves in the X+ direction, while the rotating
platform 16 drives wafer 9 to rotate clockwise along A+, and the first vertical lifting shaft
15 carries the first jaw clamping arm 19 to move downward in the Z- direction. The first
jaw clamping arm 19 moves in the three directions X+, A+, Z- with wafer 9, and

coordinately completes the transition from vertical to horizontal. As shown in part 3) of

FIG. 7, wafer 9 has reached the horizontal state. When the wafer 9 is being flipped, the
designated mechanism inside drying unit 21 is ready to place the wafer 9. Subsequently, the
lateral transfer carriage 14 drives the first jaw clamping arm 19 to move in the X-direction

until wafer 9 is positioned above the drying unit 21 (as shown in part @) in FIG. 7). The
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first jaw clamping arm 19 moves down in the Z-direction until wafer 9 is positioned in the

designated mechanism inside the drying unit 21 (as shown in part (5 in Fig. 7), and the

first jaw clamping arm 19 releases wafer 9 on the designated mechanism inside the drying
unit 21.

[086] Embodiment 2:

[087] After the first jaw clamping arm 19 moves along the Z-axis direction to take out

wafer 9 from pre-drying unit 20 (as shown in part (D of FIG. 8), as shown in part 2) of

FIG. 8, the lateral transfer carriage 14 moves a certain distance in the X+ direction, and then
the rotating platform 16 drives the first jaw clamping arm 19 to rotate clockwise along A+

to a certain angle to make wafer 9 reach a horizontal state (as shown in parts (3 and @)

in FIG. 8). Then, the first vertical lifting shaft 15 moves downward to a certain position in
the Z-direction with the first jaw clamping arm 19. When the wafer 9 is being flipped, the
designated mechanism inside drying unit 21 is ready to place wafer 9. Subsequently, the
lateral transfer carriage 14 drives the first jaw clamping arm 19 to move in the X-direction
until wafer 9 is positioned above the drying unit 21 (as shown in part (5 in FIG. 8). The
first jaw clamping arm 19 moves down in the Z-direction until wafer 9 is positioned in the
designated mechanism inside the drying unit 21 (as shown in part (6 in Fig. 8), and the
first jaw clamping arm 19 releases wafer 9 on the designated mechanism inside the drying
unit 21. The above steps are the result of a combination of individual movements in each
direction.

[088] Embodiment 3:

[089] After the first jaw clamping arm 19 moves along the Z-axis direction to take out

wafer 9 from pre-drying unit 20 (as shown in part (D of FIG. 9), as shown in part 2) of

FIG. 9, the lateral transfer carriage 14 moves a certain distance in the X+ direction, and the
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rotating platform 16 drives the first jaw clamping arm 19 to rotate clockwise along A+ to a

certain angle to make the wafer 9 reach a horizontal state (as shown in part (3) and @ of

FIG. 9). Then the lateral transfer carriage 14 drives the first jaw clamping arm 19 to move

in the X-direction (as shown in part (& in Figure 9), and the first vertical lifting shaft 15

moves downward to a certain position in the Z-direction with the first jaw clamping arm 19
until the wafer 9 is located in the designated mechanism inside the drying unit 21 (as shown

in part & in Fig. 9). Finally, the first jaw clamping arm 19 releases wafer 9 on the

designated mechanism inside the drying unit 21.
[090] Embodiment 4:
[091] After the first jaw clamping arm 19 moves along the Z-axis direction to take out

wafer 9 from pre-drying unit 20 (as shown in part (D in FIG. 10), the first jaw clamping

arm 19 rotates clockwise along A+ to a certain angle to make wafer 9 reach a horizontal

state (as shown inpart (3 and @) of FIG.9), and according to the actual length of gripping

arms of different jaws, move the lateral transfer carriage 14 in the X+ or X- direction (for
fine adjustment), so that wafer 9 is directly above the drying unit 21. The first vertical lifting
shaft 15 moves downward to a certain position in the Z-direction with the first jaw clamping
arm 19 until the wafer 9 is located in the designated mechanism inside the drying unit 21.
Finally, the first jaw clamping arm 19 releases wafer 9 on the designated mechanism inside
the drying unit 21.

[092] After wafer 9 is placed in the designated mechanism inside the drying unit 21, the
robot will return to the original state, and the following embodiments 5-7 can be used to
complete the entire cycle.

[093] Embodiment 5:

[094] The action of placing wafer 9 can be performed by selecting any of the solutions
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in embodiments 1-4. After the wafer 9 is placed in the designated mechanism inside the
drying unit 21, the robot will then return to the original state. The lateral transfer planer 14
will move in the X+ direction, and rotating platform 16 drives the wafer 9 to rotate
clockwise along A-. The first vertical lifting shaft 15 rises in the Z+ direction with the first
jaw clamping arm 19, so that the first jaw clamping arm 19 simultaneously moves at three
directions: X+, A- and Z+, and completes the transition from horizontal to vertical.

[095] Embodiment 6:

[096] The action of placing the wafer 9 can be performed by selecting any of the
solutions in embodiments 1-4. When the wafer 9 is placed in the designated mechanism
inside the drying unit 21, the robot will return to the original state, and the first jaw clamping
arm 19 will first rise to a certain high position in the Z+ direction, and after moving a certain
distance in the X+ direction, rotates in the A- direction until it returns to a vertical state,
completing the entire cycle.

[097] Embodiment 7:

[098] The action of placing the wafer 9 can be performed by selecting any of the
solutions in embodiments 1-4. When the wafer 9 is placed in the designated mechanism
inside the drying unit 21, the robot will return to the original state, and the first jaw clamping
arm 19 will first rise to a certain high position in the X+ direction, and after moving a certain
distance in the Z+ direction, rotates in the A- direction until it returns to a vertical state,
completing the entire cycle.

[099] In short, the placement of wafer 9 can be interactive or non-interactive, so does
Robot returning. Embodiment 1-4 about the placement of wafer 9 and Embodiments 5-7
about Robot returning can be freely combined according to actual needs to adapt to the
actual production environments.

[0100] In summary, the CMP wafer cleaning equipment provided by the present
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invention introduces a buffer unit. When the CMP wafer cleaning equipment fails, the
polished wafer can be safely stored, and the problem of safe storage of wafers between
procedure conversion is effectively addressed. The wafer transfer robot provided by the
invention is arranged in the cleaning module of the chemical mechanical planarization
equipment, which can effectively convert the wafer between the horizontal and vertical
states and meet the actual production requirements. Robot flipping needs no additional
space, nor will it interfere with other mechanisms, characterized by higher space utilization.
The wafer transfer robot in the invention enables the drying unit to select the wafer
placement mode (vertical or horizontal) for the purpose of achieving the best effect, and the
wafer placement mode of the drying unit is not required to be the same as that of the rest of
the cleaning module to facilitate wafer transfer. Since the lateral transfer shaft of the wafer
transfer robot only moves to the pre-drying unit, a relatively rational travel, the lateral
transfer carriage will not run to the side of the drying unit when the robot is placing a wafer
in the drying unit after flipping, thereby excluding the possibility of impurity particles on

the moving parts of the wafer transfer robot scattered on the wafer during drying process.
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CLAIMS

Claim 1:

A wafer transfer robot configured to transfer wafers in a cleaning module of a chemical
mechanical planarization equipment, to take out the wafers that have been cleaned in a
cleaning unit of the cleaning module in a vertical state, and to flip over and place them
horizontally into a drying unit of the cleaning module, the wafer transfer robot comprising:

a horizontal transfer shaft only located on one side of the cleaning unit;

a horizontal transfer carriage that is arranged on the horizontal transfer shaft and is
configured to move laterally along the horizontal transfer shaft;

a first vertical lifting shaft that is arranged on the horizontal transfer carriage and is
configured to perform vertical movement on the horizontal transfer carriage;

a rotating table arranged on the first vertical lifting shaft;

a first jaw clamping arm which is connected to the rotating table and is configured to
be driven by the rotating table to make rotational movement for wafer grabbing and
placement,

wherein the cleaning unit includes a pre-drying unit and other units of the cleaning
module, which are located on both sides of the pre-drying unit; the pre-drying unit is
configured to work in a vertical direction; the wafers in the pre-drying unit are
transferred to the drying unit by the first jaw clamping arm; preferably the other units
of the cleaning module include one or more of wafer transition unit, megasonic
cleaning unit, and scrubbing unit,

wherein the wafer transfer robot further comprises: at least one second vertical
lifting shaft, which is arranged on the horizontal transfer carriage and is configured to

perform vertical movement on the horizontal transfer carriage; the first vertical lifting
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shaft is located between the second vertical lifting shaft and the drying unit; each of
the second vertical lifting shafts is also provided with a second claw clamping arm that
is configured to transfer wafers from the other units of the cleaning module to the pre-

drying unit in combination with the first claw clamping arm.

Claim 2:

The wafer transfer robot of claim 1 configured to transfer the wafers in the cleaning
module of the chemical mechanical planarization equipment, to take out the wafers that
have been cleaned in the cleaning unit of the cleaning module in the vertical state, and to
flip over and place them horizontally into the drying unit of the cleaning module, wherein
each of the cleaning unit and the drying unit is installed with switchable doors for automatic

opening or closing when the wafer transfer robot grabs and places the wafers.

Claim 3:

A wafer flipping method by a wafer transfer robot of claim 1, the method comprising
performing a wafer placement and robot returning, wherein

the wafer placement includes the following steps: after taking out a wafer from the pre-
drying unit of the cleaning unit, the first jaw clamping arm performs interactive or non-
interactive actions in three movement directions: horizontal, vertical, and rotation, flips the
wafer from a vertical state to a horizontal state, and places it in the drying unit;

the robot returning includes the following steps: after placing the wafer in the drying
unit, the first jaw clamping arm restores from the horizontal state to the vertical state through
interactive or non-interactive actions in three movement directions: horizontal, vertical, and

rotation, and returns to an original position.
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Claim 4:

The wafer flipping method of claim 3, wherein the wafer placement includes the
following steps:

after taking out the wafer from the pre-drying unit, the first jaw clamping arm moves
in the following three directions simultaneously: the horizontal transfer carriage drives the
first jaw clamping arm to make transverse motion in a direction away from the drying unit;
the rotating table drives the first jaw clamping arm to rotate to a side close to the drying unit
until the wafer reaches the horizontal state, and the first vertical lifting shaft drives the first

jaw clamping arm to move vertically to a certain position ;

then the horizontal transfer carriage drives the first jaw clamping arm to move laterally
towards the drying unit until the wafer is positioned above the drying unit; the first vertical
lifting shaft drives the first jaw clamping arm to move vertically downwards until the wafer
is positioned on a designated mechanism inside the drying unit; the first jaw clamping arm
releases the wafer so that the wafer is positioned on the designated mechanism inside the

drying unit.

Claim 5:

The wafer flipping method of claim 3, wherein the wafer placement specifically
includes the following steps: after the first jaw clamping arm takes out the wafer from the
pre-drying unit, the horizontal transfer carriage drives the first jaw clamping arm to make
transverse motion away from the drying unit; the rotating table drives the first jaw clamping
arm to rotate to a side close to the drying unit until the wafer reaches the horizontal state,
and the first vertical lifting shaft drives the first jaw clamping arm to move vertically to a
certain position; then the horizontal transfer carriage drives the first jaw clamping arm to

move laterally towards the drying unit until the wafer is positioned above the drying unit;
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the first vertical lifting shaft drives the first jaw clamping arm to move vertically downwards
until the wafer is positioned on a designated mechanism inside the drying unit; the first jaw
clamping arm releases the wafer so that the wafer is positioned on the designated mechanism

inside the drying unit.

Claim 6:

The wafer flipping method of claim 3, wherein the wafer placement specifically
includes the following steps: after the first jaw clamping arm takes out the wafer from the
pre-drying unit, the horizontal transfer carriage drives the first jaw clamping arm to make
transverse motion away from the drying unit; the rotating table drives the first jaw clamping
arm to rotate to a side close to the drying unit until the wafer reaches the horizontal state,
and then the horizontal transfer carriage drives the first jaw clamping arm to move laterally
towards the drying unit until the wafer is positioned above the drying unit; the first vertical
lifting shaft drives the first jaw clamping arm to move vertically downwards until the wafer
is positioned on a designated mechanism inside the drying unit; the first jaw clamping arm
releases the wafer so that the wafer is positioned on the designated mechanism inside the

drying unit.

Claim 7:

The wafer flipping method of claim 3, wherein the wafer placement specifically
includes the following steps: after the first jaw clamping arm takes out the wafer from the
pre-drying unit, the rotating table drives the first jaw clamping arm to rotate to a side close
to the drying unit until the wafer reaches the horizontal state, and then the horizontal transfer
carriage drives the first jaw clamping arm to move laterally towards the drying unit until the

wafer is positioned above the drying unit; the first vertical lifting shaft drives the first jaw
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clamping arm to move vertically downwards until the wafer is positioned on a designated
mechanism inside the drying unit; the first jaw clamping arm releases the wafer so that the

wafer is positioned on the designated mechanism inside the drying unit.

Claim 8:

The wafer flipping method of claim 3, wherein the robot returning specifically includes
the following steps: the first jaw clamping arm moves in the following three directions
simultaneously when the wafer is positioned at the drying unit: the horizontal transfer
carriage drives the first jaw clamping arm to make transverse motion away from the drying
unit; the rotating table drives the first jaw clamping arm to rotate downward until the latter
is in the vertical state, and the first vertical lifting shaft drives the first jaw clamping arm to

move up vertically to a certain position.

Claim 9:

The wafer flipping method of claim 3, wherein the robot returning specifically includes
the following steps: when the wafer is positioned at the drying unit, the first vertical lifting
shaft drives the first jaw clamping arm to move up vertically to a certain position; the
horizontal transfer carriage drives the first jaw clamping arm to make transverse motion to
a certain position away from the drying unit; and then the rotating table drives the first jaw

clamping arm to rotate downward until the latter is in the vertical state.

Claim 10:
The wafer flipping method of claim 3, wherein the robot returning specifically includes
the following steps: when the wafer is positioned at the drying unit, the horizontal transfer

carriage drives the first jaw clamping arm to make transverse motion to a certain position
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away from the drying unit; the first vertical lifting shaft drives the first jaw clamping arm
to move up vertically to a certain position; and then the rotating table drives the first jaw

clamping arm to rotate downward until the latter is in the vertical state.
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