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HOT PLATE AND SUBSTRATE PROCESSING EQUIPMENT USING THE
SAME

Field of the Invention
The present invention relates to microelectronics process technology, and
particularly to a hot plate and substrate processing equipment using the same.

Background of the Invention

With the rapid development of microelectronics processing technology,
users require higher quality of the product, which prompts enterprises to
continuously improve the production equipment and process so as to meet
new market demands. As an important microelectronic processing technology,
the semiconductor integrated circuit industry is developed at a remarkable
speed. Fabrication of the copper interconnect layer in the integrated circuit is a
very critical technique among other processing; and at the current stage, such
process is implemented using physical vapor deposition (which is called PVD
for short).

Referring to Figure 1, which shows the main processing sequence of the
PVD process. As shown in the figure, several steps such as degassing,
pre-cleaning and Ta (N) deposition are performed before depositing Cu. Degas
refers to the process step of heating-up the substrate to certain temperature
(usually 350 °C or higher) in order to remove water vapor and other volatile
impurities on the substrate. As the first step of the PVD process, the degas
step has an important function. During heating the substrate, it is required to
heat up the substrate rapidly while ensuring uniform heating-up of each area
on the substrate. Otherwise, uniformity in the subsequent steps will be affected,
or even causes the problem of substrate broken. In view of above, a dedicated
substrate heating apparatus has been proposed.

Referring to Figure 2, which shows the schematic structural view of a
widely used substrate heating apparatus. The apparatus comprises a heating
chamber 1, a substrate support platform 2 provided inside the heating
chamber 1, wherein a heating wire assembly 4 is provided in the interior of the
substrate support platform 2; several heating lamps 3 are uniformly arranged in
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the upper portion of the heating chamber 1; a sealing quartz window 5 and a
hot plate 6 are provided between the heating lamps 3 and the substrate
support platform 2, the sealing quartz window 5 dividing the heating chamber 1
into vacuum and air potions, and wherein the heating lamps 3 are disposed in
the air portion, while the hot plate 6 and the substrate support platform 2 are
disposed in the vacuum portion.

The workflow of above apparatus is as follows: firstly, the substrate 7 to be
heated is placed on the upper surface of the substrate support platform 2, then
it is heated by both the heating lamps 3 and the heating wire assembly 4; the
heating lamps 3 irradiate the hot plate 6 in the heat radiating manner and heat
it up, the hot plate 6 subsequently heats the substrate 7 thereunder, such that
the substrate 7 can be heated up rapidly and uniformly by means of the rapid
heating-up characteristic of the heating lamps 3 and the heat spreading effect
of the hot plate 6.

However, during the degas process of the substrate, the heat dissipation
rate at the edge region of the substrate 7 is significantly higher than that on the
center region of the substrate. Therefore, in order to keep a uniform heating
rate for the edge region and the center region of the substrate 7, the edge
region needs more heat irradiation so at to compensate the heat dissipation.
To this end, the technicians adopt a solution whereby a partitioned control is
provided to the heating lamps 3 for the edge region and those for the center
region of the substrate 7, so as to achieve optimal heating effect on(on E¢# of)
the substrate.

Now referring to Figure 3, which shows the arrangement of the heating
lamps in the apparatus shown in Figure 2. In the circular heating chamber, a
plurality of the heating lamps 3 are arranged along the periphery of the circular
chamber, and are set into an inner loop and an outer loop which correspond to
the edge region and the center region of the substrate 7 respectively. By
controlling the power of the heating lamps 3 in the inner and outer loops
independently, a partitioned heating to each of the edge region and the center
region of the substrate can be achieved. According to above partitioned
heating scheme, by increasing the power of the heating lamps 3 for the edge
region of the substrate 7, the heat dissipation at the edge region of the
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substrate 7 can be compensated to some extent. However, because of the hot
plate 6 disposed between the heating lamps 3 and the substrate 7 in the
substrate heating apparatus shown in Figure2, the heat radiation from the
heating lamps 3 for both the edge region and the center region of the substrate
7 will be absorbed by the hot plate 6 firstly and cause the temperature of the
hot plate 6 rise, then the substrate 7 will be heated by the lower surface of the
hot plate 6 by the uniform heat radiation. That is, after the processing of the hot
plate 6 to the heat generated from the heating lamps 3, the partitioned heating
effect described above will be reduced, such that the heat dissipation at the
edge region of the substrate 7 may not be compensated effectively, and the
uniformity of the substrate heating-up will be affected.

Summary of the Invention

The present invention provides a hot plate which can effectively
compensate the heat dissipation at the edge region of the substrate, such that
the heating-up speed of each region of the substrate may be uniform. Herein,
the term “hot plate” refers to a heat transfer component which absorbs heat
radiation from the heating sources and further provides uniform heating to the
substrate.

The present invention also provides a substrate processing apparatus
which can effectively compensate the heat dissipation at the edge region of the
substrate, such that the heating-up speed of each region of the substrate may
be uniform.

To this end, the present invention provides a hot plate comprising a central
sub hot plate and at least one outer ring sub hot plate located around the
central sub hot plate, wherein thermal insulation parts are provided between
the central sub hot plate and the outer ring sub hot plate and between two
adjacent outer ring sub hot plates, said thermal insulation parts may effectively
prevent or reduce the heat conduction between adjacent sub hot plates.

The thermal insulation parts comprise annular grooves and/or gaps
between adjacent sub hot plates.

Preferably, the thermal insulation parts comprise thermal insulation fillers
filled in the annular grooves and/or gaps.
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Said thermal insulation fillers include quartz, ceramic insulation, and heat
insulation rubber.

A flange is provided at the edge of at least one of two adjacent sub hot
plates; the adjacent sub hot plates are connected by means of the flange and
an annular groove is formed at the location of the flange.

The materials of the central sub hot plate and the outer ring sub hot plate
includes graphite and aluminum. The material of the central sub hot plate and
the outer ring sub hot plate may be made of aluminum material, and sulfated
hard anodization process may be performed on the surfaces thereof.

The number of the outer ring sub hot plate may be at least two, and said at
least two outer ring sub hot plate may be socketed together.

The present invention further provides a substrate processing apparatus
comprising a heating chamber, wherein heating lamps and the substrate
support device opposed to the heating lamps are provided in the heating
chamber, the hot plate according to the present invention is provided between
the heating lamps and the substrate support device so as to provide a
partitioned heating to the substrate.

The substrate processing apparatus comprises a physical vapor
deposition device.

The present invention has the following advantages:

The hot plate according to the present invention comprises a central sub
hot plate and at least one outer ring sub hot plate located around the central
sub hot plate; in addition, by means of the thermal insulation parts provided
between the central sub hot plate and the outer ring sub hot plate and between
two adjacent outer ring sub hot plates, the heat conduction between adjacent
sub hot plates may effectively prevented or reduced. When applying the hot
plate according to the present invention in the apparatus for partitioned heating
the substrate, the central sub hot plate may be disposed to corresponds to the
central region of the substrate, and the outer ring sub hot plate may be
disposed to corresponds to the edge region of the substrate. When increasing
the power of the heating lamps at the edge regions of the substrate to
compensate the heat dissipation at the edge of the substrate, by means of the
thermal insulation effect of the thermal insulation (part) part at the edge of the
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outer ring sub hot plate, the temperature of the outer ring sub hot plate may be
higher than that of the central sub hot plate, such that the heat dissipation at
the edge of the substrate may be compensated, and the temperature
distribution as well as the heating-up speed on the central and the edge
regions of the substrate tend to be uniform. A uniform processing quality of the
substrate may be expected in the subsequent process.

The substrate processing apparatus according to the present invention
comprises a heating chamber, in which heating lamps, the substrate support
device opposed to the heating lamps and the hot plate according to the
present invention are provided. During the heating lamps are operated to
provide a partitioned heating to the substrate, an effective control for the
partitioned heating to the substrate may be implemented by the hot plate
according to the present invention, so as to achieve an uniform temperature
distribution as well as the heating-up speed of the substrate. Thus an uniform
processing quality of the substrate may be expected in the subsequent
process.

Brief Description of the Drawings

Figure 1 is a schematic diagram of the main steps of current PVD process;

Figure 2 is a schematic structural view of a commonly used substrate
heating apparatus;

Figure 3 is a schematic view showing the arrangement of the heating
lamps in apparatus shown in Figure 2;

Figure 4 a schematic structural view of the hot plate according to the
present invention;

Figure 5 is a cross-sectional view of the hot plate according to a first
specific embodiment of the present invention;

Figure 6 is the cross-sectional view of the hot plate according to a second
specific embodiment of the present invention;

FIG 7 is the cross-sectional view of the hot plate according to a third
specific embodiment of the present invention;

Figure 8 is the cross-sectional view of the hot plate according to a fourth
specific embodiment of the present invention;
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Figure 9 is the schematic structural view of the hot plate according to a
fifth specific embodiment of the present invention;

Figure 10 a schematic structural view of a specific embodiment of the
substrate processing apparatus according to the present invention.

Detailed Description of the Preferred Embodiments

In order to make the solutions of the present invention more apparent to
persons skilled in the art, the hot plate and the substrate processing apparatus
according to the present invention will be described in detail with reference to
the accompany figures hereinafter.

The hot plate according to the present invention comprises a central sub
hot plate and at least one outer ring sub hot plate located around the central
sub hot plate; and thermal insulation part(s) is provided between the central
sub hot plate and the outer ring sub hot plate and between two adjacent outer
ring sub hot plates, the heat conduction between adjacent sub hot plates can
effectively prevented or reduced by means of the thermal insulation part(s).
Therefore, when the hot plate in the apparatus mentioned-above is applied for
the partitioned heating to the substrate, a certain temperature difference can
be generated among the sub hot plates, thus realizing the partitioned heating
of the substrate. The typical partition method includes, making the outer ring
sub hot plate to correspond to the edge region of the substrate, and making
the heating lamps corresponding to the edge region of the substrate to
generate higher heating power. Since the thermal insulation plate can provide
effective thermal insulation between the outer ring sub hot plate(s) and the
central sub hot plate of the hot plate, the temperature of the outer ring sub hot
plate is higher, such that the edge region of the substrate can obtain more heat
radiation than the center region, and the higher heat dissipation in the edge
region as compared to the center region can be compensated. Finally a
substantially equivalent temperature distribution as well as the heating-up
speed in the edge region and the center region of the substrate are obtained,
which is advantageous to achieve an uniform processing quality in subsequent
processes.

Referring to Figure 4, which shows the schematic structural view of the hot
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plate according to the present invention. The hot plate comprises a central sub
hot plate 41 and the outer ring sub hot plates 42 located around the central sub
hot plate 41; and the thermal insulation part 43 is provided between the central
sub hot plate 41 and the outer ring sub hot plate 42 for preventing or reducing
the heat conduction there between. Here, the thermal insulation part 43 can
have a structure of annular groove and/or gap etc, so as to reduce the contact
area hetween the adjacent sub hot plates, and thus reduce the heat
conduction between the adjacent sub hot plates.

Currently, the above mentioned central sub hot plate and the outer ring
sub hot plate(s) are made of materials with good thermal conductivity such as
graphite and aluminum. Preferably, when adopting aluminum, the surface of
the central sub hot plate and the outer ring sub hot plate(s) can be sulfated
hard anodized so as to increase the heat absorption ability of the aluminum
material. It should be noted that, the material of the hot plate according to the
present invention is not limited to above graphite and aluminum, any metal or
non-metallic material with good thermal conductivity, high temperature
resistance and high blackness (the ration between the actual radiation capacity
of an object and that of the absolute blackbody at the same temperature,
usually an object with higher blackness, its heat-absorbing capacity is also
strong) can be used as the material of the hot plate according to the present
invention, and shall dropped within the scope of the present invention.

In addition, in some preferred embodiments, some thermal insulation
fillers with good thermal insulation performance can be filled in the annular
groove and/or gap-shaped thermal insulation part, the thermal insulation fillers
may be regarded as a portion of the thermal insulation part; currently,
commonly used thermal insulation fillers include quartz, thermal insulation
ceramic, thermal insulation rubber etc.. In practice application, when the
thermal insulation part is formed as annular groove, the thermal insulation
fillers can be directly filled into the annular groove; and when the thermal
insulation part is formed as annular gap, the thermal insulation fillers such as
thermal insulation ceramic can be soldered to the central sub hot plate and the
outer ring sub hot plate using specific soldering measures.

Referring to Figure 5, which shows a cross-sectional view of the hot plate
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according to a first specific embodiment of the present invention. In the present
embodiment, the hot plate comprises a central sub hot plate 51 and an outer
ring sub hot plate 52 located around the central sub hot plate 51, and a thermal
insulation part 53 is provided there between. The themal insulation part 53
has a structure of annular gap, thermal insulation fillers such as quartz, thermal
insulation ceramic, thermal insulation rubber may be filled in the annular gap
so as to provide better thermal insulation effect.

In addition, the material of the hot plate in the present embodiment is the
same as or similar to that shown in Figure 4, and the same advantageous
effects can be achieved when applying the hot plate of the present
embodiment to provide partitioned control to the heating to the substrate, and
the description of which is omitted.

Referring to Figure 6, which shows a cross-sectional view of the hot plate
according to a second specific embodiment of the present invention.
Compared to the first specific embodiment shown in Figure 5, the present
embodiment is characterized by the annular groove structure of the thermal
insulation part 63. Specifically, the hot plate of the present embodiment is
formed as an integrated structure with an annular groove disposed on the
lower surface of the integral hot plate as the thermal insulation part 63, so as to
separate the hot plate into a central sub hot plate 61 and an outer ring sub hot
plate 62. Preferably, the annular groove may be filled with thermal insulation
fillers to increase thermal insulation capability of the thermal insulation part 63.
Apparently, compared to the embodiment shown in Figure 5, the present
embodiment is simpler in structure and easy to implement, and the present
embodiment can realize the similar advantageous. It is also understood that
the annular groove in the present embodiment, which is the thermal insulation
part 63, may be provided on the upper surface of the hot plate, which can also
provide the thermal insulation and enable the hot plate to control the
partitioned heating to the substrate.

The manner of forming the annular groove structure is not limited to above
embodiments, it may also be implemented through a variety of solutions, for
example, a flange may be provided at the edge of at least one of the adjacent
sub hot plates, by means of the flange, the adjacent sub hot plates are
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connected while an annular groove may be formed at the position of the
flange.

Referring to Figure 7, which shows a cross-sectional view of the hot plate
according to a third specific embodiment of the present invention. In the
present embodiment, the thermal insulation part is also settled into an annular
groove structure, and the annular groove structure is distinct in the forming
method. Specifically, a circle of outwardly directed flange 710 is disposed at
the edge of an central sub hot plate 71, while a circle of inwardly directed
flange 720 is disposed at the inner edge of the outer sub hot plate 72. The
upper surface of the flange 710 is flush with that of the central sub hot plate 71,
while the lower surface of the flange 720 is flush with that of the outer sub hot
plate 72. By means of above flanges 710 and 720, the central sub hot plate 71
and the outer sub hot plate 72 are jointed together. As shown in Figure 7, while
the central sub hot plate 71 and the outer sub hot plate 72 are jointed, a certain
annular groove structure may be formed at the position of the flange 710 and
the flange 720, i.e., the annular groove 730 located on the upper surface of the
hot plate and the annular groove 740 located on the lower surface of the hot
plate. In addition, the central sub hot plate 71 and the outer sub hot plate 72
may be fixed with each other by mechanical connections such as soldering or
screw connection; otherwise, the central sub hot plate 71 may be just lapped
on the outer sub hot plate 72 due to the gravity, without any further processing.
The present embodiment is advantageous in that the central sub hot plate 71
and the outer sub hot plate 72 may be made of different materials as they are
independent assemblies, such that the uniform heating effects of hot plate the
central region and the edge region of the hot plate are different.

Referring to Figure 8, which shows a cross-sectional view of the hot plate
according to a fourth specific embodiment of the present invention. In the
present embodiment, the hot plate is also formed by independent central sub
hot plate 81 and the outer sub hot plate 82, and is distinct from the
embodiment shown in Figure 7 in a different forming method of the annular
groove as the thermal insulation part 84. That is, by providing a flange 83 only
at the edge of the central sub hot plate 81 and lapping the central sub hot plate
81 on the outer sub hot plate 82, the structure of the outer sub hot plate 82 is
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simplified. Also, the hot plate of the present embodiment has the same or
similar characteristic and performance as those of the previous embodiments,
and the same advantageous effect may be achieved when applying control for
partitioned heating to the substrate.

It should be noted that, the structure of the thermal insulation part is not
limited to those described in above embodiments. For example, the thermal
insulation part may be formed by combining the annular gap and the groove.
Specifically, a portion of the structure of an annular thermal insulation part may
be set as gaps, while the other portion of the annular thermal insulation part
may be set as groove, said gap and the groove together forming a closed
annular structure of the thermal insulation part. The specific structure of the
gap and the groove may be the same or the like as described in above
embodiments, and the description of which is omitted.

The hot plate in above embodiments is formed by the central sub hot plate
and one outer sub hot plate, but the present invention is not limited to this. For
example, one or more outer sub hot plates may be provided around the first
outer sub hot plate, such that the respective outer sub hot plates are socketed
together in turn, so as to obtain more partitioned controllable heating regions of
the substrate.

Referring to Figure 9, which shows a cross-sectional view of the hot plate
according to a fifth specific embodiment of the present invention. In the present
embodiment, the hot plate comprises a central sub hot plate 91, a first outer
ring sub hot plate 92, a second outer ring sub hot plate 93, a first thermal
insulation part 94 provided between the central sub hot plate 91 and the first
outer ring sub hot plate 92, and a second thermal insulation part 95 provided
between the first outer ring sub hot plate 92 and the second outer ring sub hot
plate 93. The sub hot plates and the thermal insulation parts have similar
structure and performance to those described in the above embodiments, and
the description of which is omitted.

As a summary, the hot plate according to the present invention comprises
a plurality of sub hot plates, and the heat conduction between adjacent sub hot
plates may be effectively prevented or reduced by means of the thermal
insulation parts provided between the sub hot plates. Therefore, when applying
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partitioned heating to the substrate, an effective control for the partitioned
heating to the substrate may be performed by using the hot plate according to
the present invention. Particularly, an effective control for partitioned heating
may be performed between the edge regions and the central regions of the
substrate, such that the heat dissipation at the edge region of the substrate
may be compensated, thus a substantially equivalent temperature distribution
as well as the heating-up speed on the respective regions of the substrate may
be obtained, which is advantageous to achieve an uniform processing quality
in subsequent processes.

As another technical solution, the present invention also provides a
substrate processing apparatus. The apparatus comprises at least a heating
chamber; heating lamps and the substrate support device opposed to the
heating lamps, which are provided in the heating chamber, wherein a hot plate
according to the present invention is provided between the heating lamps and
the substrate support device for applying the partitioned heating to the
substrate.

Referring to Figure 10, which shows a schematic structural view of a
specific embodiment of the substrate processing apparatus according to the
present invention. The apparatus comprises a heating chamber 1, a substrate
support platform 2 provided inside the heating chamber 1, wherein a heating
wire assembly 4 is provided in the interior of the substrate support platform 2, a
heating lamp mounting plate 8 and a reflective plate 9 adhered thereto are
provided in the upper portion of the heating chamber 1, the heating lamps 3
are connected to the heating lamp assemblies 10 above the heating lamp
mounting plate 8 via the mounting holes in the heating lamp mounting plate 8
and the reflective plate 9, a sealing quartz window 5 and a hot plate 12
according to the present invention are provided between the heating lamps 3
and the substrate support platform 2, the sealing quartz window 5 dividing the
heating chamber 1 into vacuum and air potions with the heating lamps 3
located in the air portion, while the hot plate 12 and the substrate support
platform 2 located in the vacuum portion. A chamber shielding assembly 13 is
further provided on the side walls of the heating chamber 1, and cooling water
tubes are provide in the interior of the chamber shielding assembly 13 and the
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mounting plate 8 for preventing the reflective plate 9 and the side walls of the
heating chamber 1 from overheating during operating. Besides, one protective
cover 14 is provided outside each of the heating lamp assemblies 10 to protect
the electrical components.

The arrangement of the heating lamps 3 is the same as that shown in
Figure 3, thus the temperatures at the edge region and the central region of the
substrate 7 may be independently controlled, such that during the substrate

_heating processing, a certain temperature difference may be generated

between the central sub hot plate and the outer sub hot plates, so as to
compensate the heat dissipation at the edge region of the substrate 7.
Specifically, the hot plate 12 is heated by the heating lamps 3, and the heating
lamps 3 corresponding to the edge region of the substrate is caused to
generate higher heating power. The power of the heating lamps 3 spreads
uniformly in the range of the central sub hot plate and the outer sub hot plate of
the hot plate 12. Because of the function of the thermal insulation part in the
hot plate, the temperature of the outer sub hot plate is slightly higher than that
of the central sub hot plate, thus the heat dissipation at the edge region of the
substrate is compensated effectively. Therefore, using the substrate
processing apparatus according to the present invention, an uniform
temperature distribution and heating-up speed among the regions of the
substrate may be reached during the substrate heating process, which leads to
an uniform processing quality of the substrate.

In practical application, above substrate processing apparatus may be a
physical vapor deposition apparatus, a substrate heating apparatus in the
physical vapor deposition apparatus or a substrate heating apparatus for other
substrate process.

It shall be understood that, above embodiments are only illustrations for
explaining the principle of the present invention. The present invention is not
limited thereto. Various modifications and improvements are apparent to
persons skilled in the art without departing from the spirit and contents of the
present invention, and these modifications and improvements will fall within the
scope of the technical solutions of the present invention.
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WHAT IS CLAIMED IS:

1. A substrate processing apparatus comprising a heating chamber,
heating lamps and a substrate support device opposed to the heating lamps
are provided in the heating chamber, a hot plate is provided between the
heating lamps and the substrate support device, characterized in that, said hot
plate comprising a central sub hot plate and at least one outer ring sub hot
plate located around the central sub hot plate, wherein thermal insulation parts
are provided between the central sub hot plate and the outer ring sub hot plate
and between two adjacent outer sub hot plates, said thermal insulation parts is
used to prevent or reduce the heat conduction between adjacent sub hot

plates, so as to apply a partitioned heating to the substrate.

2. The substrate processing apparatus according to claim 1, characterized
in that, the thermal insulation parts comprise annular grooves and/or gaps

between adjacent sub hot plates.

3. The substrate processing apparatus according to claim 2, characterized
in that, the thermal insulation parts comprise thermal insulation fillers filled in

the annular grooves and/or gaps.

4. The substrate processing apparatus according to claim 3, characterized
in that, said thermal insulation fillers include quartz, ceramic insulation, and

heat insulation rubber.

5. The substrate processing apparatus according to claim 2, characterized
in that, a flange is provided at the edge of at least one of two adjacent sub hot
plates; the adjacent sub hot plates are connected by means of the flange and

the annular groove is formed at the location of the flange.

6. The substrate processing apparatus according to any one of claims 1-5,
characterized in that, the materials of the central sub hot plate and the outer

ring sub hot plate include graphite and aluminum.
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7. The substrate processing apparatus according to claim 6, characterized
in that, the materials of the central sub hot plate and the outer ring sub hot

plate are made of aluminum material, and the surfaces thereof are sulfated

hard anodized.

8. The substrate processing apparatus according to any one of claims 1-5,
characterized in that, the number of the outer ring sub hot plate is at least two,

and said at least two outer ring sub hot plate are socketed together.
9. The substrate processing apparatus according to claim 1, characterized

in that, the substrate processing apparatus comprises a physical vapor

deposition device.
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