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SUBSTRATE SUPPORTING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention generally relates to a substrate processing
apparatus, and more particularly to a substrate supporting apparatus making use of
Bernoulli principle for supporting a substrate, such as a semiconductor wafer during

cleaning, etching, developing, photo resist coating or removing process.

2. The Related Art

[0002] During a semiconductor device fabrication process, most treating
processes used for manufacturing the semiconductor device, such as cleaning, etching,
developing, photo resist coating or removing, focus on the substrate device side also
referred to as the front side of the substrate. However, the substrate backside (non-
device side) processing such as cleaning and etching is just as important.
Contaminations attached on the backside of the substrate can cause for example
photolithography steps defocus on the pattern formed on the front side of the substrate,
and also can contaminate the substrate processing apparatus thereby contaminating
other substrates processed by the same apparatus. Thereinto, backside metallic
contaminations can diffuse through the substrate and contaminate the front side of the

substrate, which would induce the semiconductor device electrical failure.

[0003] In order to ensure the quality of the semiconductor device, it is essential
to clean the backside of the substrate. For cleaning the backside of the substrate, an
apparatus 1s needed to support the substrate. Such apparatus has been known from U.S.
Pat. No. 5,492,566. The apparatus comprises an annular nozzle in a circular surface of
the apparatus. The nozzle is fed with compressed gas for the formation of a gas

cushion between the apparatus and the substrate. The substrate is sucked above the
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apparatus by Bernoulli principle and keeps in a floating state. At least one projection
in the apparatus topside surface serves as a rest for the substrate during processing. In
the apparatus, the lower surface of the substrate facing the apparatus needs to keep
contact with the projection. For the substrate backside processing, the substrate device
side (front side) needs to face the apparatus topside surface. The projection may cause
the device side pattern broken, and the gap height between the substrate and the

apparatus topside surface is not to easily adjust.

[0004] Another apparatus for supporting a substrate is disclosed in U.S. Pat.
No. 6,669,808. The apparatus provides a proximity suction member above a rotary
base member having a support member supporting a substrate. The proximity suction
member downwardly and outwardly injects gas from a support surface thereof to the
overall peripheral edge of an upper surface of the substrate supported by the support
member. The support surface being a lower surface of the proximity suction member
1s located on a plane substantially parallel to the substrate on the rotary base member.
A processing solution supply part supplies the processing solution to a lower surface
of the substrate supported and rotated on the rotary base member. Also the gap height
between the lower surface of the substrate and the rotary base member topside surface
1s not easily to adjust. Besides the cleaning efficiency may be not so good because of

the processing solution supply model.

SUMMARY

[0005] Accordingly, an object of the present invention is to provide a substrate
supporting apparatus having a rotatable chuck, a first mass flow controller, a second
mass flow controller, a plurality of locating pins and guiding pillars, and a motor. The
rotatable chuck for supporting a substrate defines a plurality of first injecting ports and
second injecting ports. The first injecting ports are connected with a first gas passage
for supplying gas to the substrate and sucking the substrate by Bernoulli effect. The

second injecting ports are connected with a second gas passage for supplying gas to
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the substrate and lifting the substrate. The first mass flow controller is installed on the
first gas passage for controlling the flow of the gas supplied to the first injecting ports.
The second mass flow controller is installed on the second gas passage for controlling
the flow of the gas supplied to the second injecting ports. The plurality of locating
pins are disposed at the top surface of the rotatable chuck for preventing the substrate
horizontal movement when the substrate has a predefined process. The plurality of
guiding pillars are disposed at the top surface of the rotatable chuck and every guiding
pillar protrudes to form a holding portion for holding the substrate. The motor 1s used
for rotating the rotatable chuck.

[0006] A gap is formed between the lower surface of the substrate and the top
surface of the rotatable chuck, avoiding the lower surface of the substrate contacting
with the top surface of the rotatable chuck thereby contaminating the lower surface of
the substrate, and the height of the gap can be adjusted by controlling the flow of the
gas supplied to the first injecting ports and the second injecting ports and the substrate

can keep in a stably floating state by Bernoulli principle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will be apparent to those skilled in the art by
reading the following description of a preferred embodiment thereof, with reference to

the attached drawings, in which:

[0008] FIG. 1 is a sectional view of an exemplary substrate supporting

apparatus according to the present invention;
[0009] FIG. 2 1s a top view of the substrate supporting apparatus;

[0010] FIGS. 3A and 3B are cross-sectional views of the substrate supporting
apparatus shown in FIG. 2;

[0011] FIG. 4 1s a perspective view of a locating pin of the substrate supporting
apparatus;
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[0012] FIG. 5 is a top view showing an end-effector putting/getting a substrate
on/from the substrate supporting apparatus;

[0013] FIGS. 6A to 6E show a sequence of the end-effector putting the

substrate on the substrate supporting apparatus to process; and

[0014] FIGS. 7A to 7F show a sequence of the end-effector getting the

substrate from the substrate supporting apparatus.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] Referring to FIGS. 1 to 4, a substrate supporting apparatus of the
present invention is illustrated. The substrate supporting apparatus includes a rotatable
chuck 101 which is optimally circular for supporting a disk-shaped article, for
example, a semiconductor wafer for processing the semiconductor wafer. A hollow
housing 102 is disposed below the rotatable chuck 101 and connected to the bottom
surface of the rotatable chuck 101. A rotary spindle 103 is provided to connect the
hollow housing 102. The rotary spindle 103 is hollow. The upper end of the rotary
spindle 103 is fixed with the bottom of the hollow housing 102 and the lower end of
the rotary spindle 103 1s fixed with a motor 104 for rotating the rotary spindle 103 and

thereby rotating the rotatable chuck 101 around a vertical axis.

[0016] A plurality of, e.g., six locating pins 105 are disposed at the outer edge
of the top surface of the rotatable chuck 101 uniformly for preventing a substrate 107
horizontal movement when the substrate 107 has a predefined process such as a
cleaning process. Every locating pin 105 defines a locating groove 1051 on the upper
end thereof. The peripheral edge of the substrate 107 is engaged with the locating
groove 1051 for restricting the substrate 107 horizontal movement. Every locating pin
105 is driven by an independent cylinder 401 to move inwardly to position the
substrate 107 or outwardly to release the substrate 107. All of the locating pins 105 are
divided into two groups 105a, 105b which are disposed alternately. During the
substrate 107 cleaning process, the two groups of locating pins 105a, 105b alternately
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position the substrate 107 so that the peripheral edge of the substrate 107 can be
cleaned completely. That is to say, during the substrate 107 cleaning process, the first
group of locating pins 105a position the substrate 107 firstly, during this time, the
second group of locating pins 105b keep a non-contact state with the substrate 107,
after the substrate 107 is cleaned for a period of time, the first group of locating pins
105a release the substrate 107 and the second group of locating pins 105b position the
substrate 107. It should be recognized that the substrate 107 can be positioned by the
second group of locating pins 105b firstly.

[0017] A plurality of, e.g., six guiding pillars 106 are disposed at the outer
edge of the top surface of the rotatable chuck 101. Every guiding pillar 106 is adjacent
to a corresponding locating pin 105. The guiding pillar 106 is in cone shape so the
side surface of the guiding pillar 106 serves as a guiding surface for guiding the
substrate 107 to be put on the rotatable chuck 101 exactly. The bottom of the guiding
pillar 106 protrudes outwardly to form a holding portion 1061 for holding the
substrate 107 when the substrate 107 is put on the rotatable chuck 101 so a gap 111 is
formed between the lower surface of the substrate 107 and the top surface of the
rotatable chuck 101, avoiding the lower surface of the substrate 107 contacting with
the top surface of the rotatable chuck 101 thereby contaminating the lower surface of

the substrate 107.

[0018] The rotatable chuck 101 defines a plurality of first injecting ports 109
and second injecting ports 110 passing therethrough. The first injecting ports 109 are
defined on a circle on the rotatable chuck 101 and far away from the center of the
rotatable chuck 101. Every first injecting port 109 is inclined and formed an angle
with respect to the bottom surface of the rotatable chuck 101. The second injecting
ports 110 are defined on a circle on the rotatable chuck 101 and close to the center of
the rotatable chuck 101. Every second injecting port 110 is vertical and perpendicular
to the rotatable chuck 101. Every first injecting port 109 is connected to a first gas
pipe 112 and every second injecting port 110 is connected to a second gas pipe 113.

Both the first gas pipe 112 and the second gas pipe 113 are received in the hollow
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housing 102 respectively. The first gas pipe 112 and the second gas pipe 113
respectively pass through the hollow housing 102 and are received in the rotary
spindle 103. A first filter 114 is disposed 1n the first gas pipe 112 for purifying the gas
supplied to the substrate 107 through the first injecting ports 109. A second filter 115
1s disposed in the second gas pipe 113 for purifying the gas supplied to the substrate
107 through the second injecting ports 110. The first gas pipe 112 is connected to a
first gas tube disposed outside the substrate supporting apparatus and connected to a
gas source. The first gas pipe 112 and the first gas tube are formed a first gas passage
connecting with the first injecting ports 109 for supplying the gas to the first injecting
ports 109. A first mass flow controller (MFC) 116 1s installed on the first gas passage
for controlling the flow of the gas supplied to the first injecting ports 109. Specially,
the first mass flow controller 116 is installed on the first gas tube for controlling the
flow of the gas supplied to the first gas pipe 112. The juncture place of the first gas
pipe 112 and the first gas tube is sealed by a magnetic fluid for preventing the gas leak.
The second gas pipe 113 is connected to a second gas tube disposed outside the
substrate supporting apparatus and connected to a gas source. The second gas pipe 113
and the second gas tube are formed a second gas passage connecting with the second
injecting ports 110 for supplying the gas to the second injecting ports 110. A second
mass flow controller 117 is installed on the second gas passage for controlling the
flow of the gas supplied to the second injecting ports 110. Specially, the second mass
flow controller 117 is installed on the second gas tube for controlling the flow of the
gas supplied to the second gas pipe 113. The juncture place of the second gas pipe 113

and the second gas tube is sealed by a magnetic fluid for preventing the gas leak.

[0019] Please refer to FIG. 5 and FIGS. 6A to 6E showing a sequence of the
substrate 107 backside cleaning by use of the substrate supporting apparatus. An end-
effector 501 1s used for carrying the substrate 107 above the rotatable chuck 101. The
end-effector 501 has a base portion 601. The outer edge of the bottom surface of the
base portion 601 protrudes downward to form a circular leaning portion 602 for

preventing the substrate 107 from contacting with the bottom surface of the base
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portion 601 and thereby contaminating the substrate 107 when the end-effector 501
carries the substrate 107. A part of the leaning portion 602 further protrudes
downward to form a stopping portion 605 for restricting the substrate 107 movement
in the end-effector 501. The bottom surface of the leaning portion 602 disposes a
contact sensor 604 for detecting whether the substrate 107 is put against the leaning
portion 602. If the substrate 107 is put against the leaning portion 602, a pushing
portion 603 is driven to push the substrate 107 to abut the stopping portion 605 and
then the substrate 107 is located securely in the end-effector 501. The pushing portion
603 can be driven by a cylinder.

[0020] As shown in FIG. 6A, the end-effector 501 carries the substrate 107
above the rotatable chuck 101, and at this time, the first gas tube and the second gas
tube are closed and it is unnecessary to supply the gas to the first injecting ports 109
and the second injecting ports 110. Then the end-effector 501 moves downward to
make the substrate 107 close the guiding pillars 106. At this time, the second gas tube
1s opened and the gas is supplied to the front side of the substrate 107 through the
second gas pipe 113 and the second injecting ports 110. For cleaning the backside of
the substrate 107, the front side of the substrate 107 is arranged to face the top surface
of the rotatable chuck 101. In order to avoid contaminating the front side of the
substrate 107, the gas supplied to the front side of the substrate 107 is purified by the
second filter 115. The gas ejected from the second injecting ports 110 lifts the
substrate 107 at a predefined height and then the pushing portion 603 is pulled
outwardly to release the substrate 107, as shown in FIG. 6B. Then the second gas tube
1s closed so the gas is stopped supplying to the substrate 107. The substrate 107 drops
down to the holding portions 1061 along the side surface of the guiding pillars 106
under the action of its own gravity and 1s held by the holding portions 1061, which is
shown in FIG. 6C. The second gas tube is opened again and the gas ejected from the
second injecting ports 110 lifts the substrate 107 so that the gap 111 is formed
between the front side of the substrate 107 and the top surface of the rotatable chuck

101 by adjusting the flow of the gas supplied to the second injecting ports 110 through
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the second mass flow controller 117, as shown in FIG. 6D. The end-effector 501 is
moved away and at least one nozzle 108 is moved above the backside of the substrate
107 for spraying cleaning liquid to clean the backside of the substrate 107. When
cleaning the backside of the substrate 107, the first gas tube is opened and the gas is
ejected through the first injecting ports 109 for sucking the substrate 107 by Bernoulli
effect. Therefore, the substrate 107 can keep in a stably floating state for backside
cleaning. The first group of locating pins 105a position the substrate 107 while the
motor 104 rotates the rotatable chuck 101 and the nozzle 108 sprays the cleaning
liquid to clean the backside of the substrate 107. Because of the rotatable chuck 101
rotating and the gas outward ejected from the first injecting ports 109, the cleaning
liquid sprayed to the backside of the substrate 107 is prevented by the flow of the gas
from reaching the front side of the substrate 107. After cleaning a period of time, the
second group of locating pins 105b replace the first group of locating pins 105a to
position the substrate 107, by this way, the peripheral edge of the substrate 107 can be

cleaned completely.

[0021] Referring to FIGS. 7A to 7F, after the backside of the substrate 107
cleaned, the nozzle 108 is moved away. The end-effector 501 is moved above the
backside of the substrate 107 and the first gas tube is closed so the gas is stopped
supplying to the substrate 107 through the first injecting ports 109. The second gas
tube still keeps open to supply the gas to lift the substrate 107, as shown in FIG. 7B.
The end-effector 501 moves downward to close the substrate 107. Then the flow of
the gas supplied to the substrate 107 through the second injecting ports 110 is
increased by the second mass flow controller 117 and the substrate 107 rises to reach
the bottom surface of the leaning portion 602, as shown in FIG. 7C. The end-effector
501 moves upward and the substrate 107 also rises against the bottom surface of the
leaning portion 602 by the gas, as shown in FIG. 7D. The contact sensor 604 detects
the substrate 107 so the pushing portion 603 pushes the substrate 107 to abut the
stopping portion 605 and then the substrate 107 is located securely in the end-effector
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501, as shown in FIG. 7E. Finally, the second gas tube is closed and the substrate 107
1s moved away by the end-effector 501, as shown in FIG. 7F.

[0022] In the above description, the gas can be inert gas such as i ! B
Bl R . gas. The choice of the gas is depended on the requirements of the process.

Besides, the height of the gap 111 between the lower surface of the substrate 107 and
the top surface of the rotatable chuck 101 can be adjusted by controlling the flow of
the gas supplied to the first injecting ports 109 and the second injecting ports 110 and
the substrate 107 can keep in a stably floating state by Bernoulli principle.
Furthermore, the first gas tube is only opened at the time that the cleaning liquid is
supplied to clean the backside of the substrate 107, which can reduce the cost of the
substrate 107 backside cleaning. It should be recognized that the substrate supporting

apparatus not only suits the backside cleaning, but also suits such as etching process.

[0023] The foregoing description of the present invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and obviously many modifications
and variations are possible in light of the above teaching. Such modifications and
variations that may be apparent to those skilled in the art are intended to be included

within the scope of this invention as defined by the accompanying claims.
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What is claimed is:

1. A substrate supporting apparatus, comprising:

a rotatable chuck for supporting a substrate, defining a plurality of first
injecting ports and second injecting ports, the first injecting ports connecting with a
first gas passage for supplying gas to the substrate and sucking the substrate by
Bernoulli effect, the second injecting ports connecting with a second gas passage for
supplying gas to the substrate and lifting the substrate;

a first mass flow controller installed on the first gas passage for controlling the
flow of the gas supplied to the first injecting ports;

a second mass flow controller installed on the second gas passage for
controlling the flow of the gas supplied to the second injecting ports;

a plurality of locating pins disposed at the top surface of the rotatable chuck for
preventing the substrate horizontal movement when the substrate has a predefined
process;

a plurality of guiding pillars disposed at the top surface of the rotatable chuck,
every guiding pillar protruding to form a holding portion for holding the substrate; and

a motor for rotating the rotatable chuck.

2. The substrate supporting apparatus as claimed in claim 1, wherein the first
injecting ports are defined on a circle on the rotatable chuck and far away from the
center of the rotatable chuck, the second injecting ports are defined on a circle on the

rotatable chuck and close to the center of the rotatable chuck.
3. The substrate supporting apparatus as claimed in claim 1, wherein every first

injecting port is inclined and formed an angle with respect to the bottom surface of the

rotatable chuck.

10
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4. The substrate supporting apparatus as claimed in claim 1, wherein every

second injecting port is vertical and perpendicular to the rotatable chuck.

5. The substrate supporting apparatus as claimed in claim 1, wherein the first
gas passage 1s composed of a first gas pipe and a first gas tube, the first gas pipe is
connected to the first injecting ports, the first gas tube is connected to the first gas pipe
and a gas source, the second gas passage is composed of a second gas pipe and a
second gas tube, the second gas pipe is connected to the second injecting ports, the

second gas tube is connected to the second gas pipe and a gas source.

6. The substrate supporting apparatus as claimed in claim 5, wherein the
bottom surface of the rotatable chuck is connected to a hollow housing, a rotary
spindle 1s provided to connect the hollow housing, the upper end of the rotary spindle
1s fixed with the bottom of the hollow housing and the lower end of the rotary spindle
1s fixed with the motor, both the first gas pipe and the second gas pipe are received in
the hollow housing, the first gas pipe and the second gas pipe respectively pass

through the hollow housing and are received in the rotary spindle.

7. The substrate supporting apparatus as claimed in claim 5, further comprising
a first filter disposed in the first gas pipe for purifying the gas supplied to the substrate
through the first injecting ports, and a second filter disposed in the second gas pipe for
purifying the gas supplied to the substrate through the second injecting ports.

8. The substrate supporting apparatus as claimed in claim 5, wherein the
juncture place of the first gas pipe and the first gas tube is sealed by a magnetic fluid
for preventing the gas leak, and the juncture place of the second gas pipe and the

second gas tube is sealed by another magnetic fluid for preventing the gas leak.

11
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9. The substrate supporting apparatus as claimed in claim 5, wherein the first
mass flow controller is installed on the first gas tube, the second mass flow controller

1s installed on the second gas tube.

10. The substrate supporting apparatus as claimed in claim 1, wherein every
locating pin defines a locating groove, the peripheral edge of the substrate is engaged

with the locating groove for restricting the substrate horizontal movement.

11. The substrate supporting apparatus as claimed in claim 1, wherein every
locating pin is driven by an independent cylinder to move inwardly to position the

substrate or outwardly to release the substrate.

12. The substrate supporting apparatus as claimed in claim 1, wherein all of the
locating pins are divided into two groups which are disposed alternately, the two

groups of locating pins alternately position the substrate.

13. The substrate supporting apparatus as claimed in claim 1, wherein the side
surface of every guiding pillar serves as a guiding surface for guiding the substrate to

be put on the holding portion exactly.

14. The substrate supporting apparatus as claimed in claim 1, further

comprising an end-effector for carrying the substrate.

15. The substrate supporting apparatus as claimed in claim 14, wherein the end-
effector has a base portion, the bottom surface of the base portion protrudes downward
to form a leaning portion, a part of the leaning portion further protrudes downward to
form a stopping portion, a pushing portion is provided to push the substrate to abut the
stopping portion to locate the substrate securely in the end-effector or pulled to release

the substrate.

12
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16. The substrate supporting apparatus as claimed in claim 15, wherein the
bottom surface of the leaning portion disposes a contact sensor for detecting whether

the substrate is against the leaning portion.

13



