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ratus including the same are provided. A wafer is loaded on a susceptor

and the susceptor includes at least one pocket whose bottom surface is
inclined. The semiconductor manufacturing apparatus includes a reac-
tion chamber, a heating unit that generates heat in the reaction chamber,

a susceptor on which a wafer is loaded and that includes at least one

pocket whose bottom surface is inclined, and a rotation shaft coupled
| with the susceptor.
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Description

SUSCEPTOR AND SEMICONDUCTOR MANUFACTURING

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

APPARATUS INCLUDING THE SAME
Technical Field

The embodiment relates to a susceptor and a semiconductor manufacturing
apparatus including the same.
Background Art

In general, a semiconductor manufacturing apparatus includes a crystal growth
equipment, such as a metal organic chemical vapor deposition (MOCVD) apparatus, a
molecular beam epitaxy (MBE) apparatus, and a chemical vapor deposition (CVD)
apparatus. Such a crystal growth equipment is used for growing an element, such as a
semiconductor light emitting device, a high electron mobility transistor (HEMT), a
field effect transistor (FET), and a laser diode on the surface of a wafer.

A susceptor of vacuous type is commonly used as an apparatus for loading a wafer
in the crystal growth equipment.

FIG. 1 schematically illustrates a related art semiconductor manufacturing
apparatus.

Referring to FIGs. 1 and 2, a semiconductor manufacturing apparatus 10 includes a
reaction chamber 20, a susceptor 30, a rotation shaft 50, a heater 60, and a shroud 70.

A plurality of pockets 34 are formed in the top surface of the susceptor 30 in the
reaction chamber 20 and a wafer 40 is loaded on each of the pockets 34. Here, as il-
lustrated in FIG. 2B, the bottom surface 38 of the pocket 34 has a horizontal structure.

The rotation shaft 50 is coupled with the under part of the susceptor 30 and the
heater 60 is provided under the susceptor 30 to heat the under part of the susceptor 30.
The shroud 70 on the reaction chamber 20 supplies source materials to the reaction
chamber 20.

Processes of manufacturing a semiconductor using the semiconductor manu-
facturing apparatus are as follows.

The wafer 40 is loaded on the pocket 34 of the susceptor 30. The source materials
are supplied to the reaction chamber 20 through the shroud 70. The susceptor 30
rotates by the rotation shaft 50. The susceptor 30 and the inside of the reaction
chamber 20 are heated by the heater 60. At this time, a semiconductor thin film or an
insulating layer is formed on the surface of the wafer 40 by the chemical reaction of
the flowed source materials.

At this time, an aluminum nitride layer, a gallium nitride layer, and an indium

nitride layer or an aluminum-gallium nitride layer, an aluminum-indium nitride layer,
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and a gallium-indium nitride layer can be deposited on the surface of the wafer 40
loaded on the susceptor 30 by a vapor reaction between organic metal and ammonia.

The heat generated by the heater 60 heats a region having the same radius based on
the rotation shaft 50 of the susceptor 30 at a uniform temperature but cannot heat a
region having a different radius at the uniform temperature. Therefore, since the
rotation shaft 50 positioned in the center of the susceptor 30 transfers the heat in the
center of the susceptor 30, a difference in temperature is generated between the center
region and the outer region of the susceptor 30. Temperature is reduced from the center
point of the pocket toward the inner point of the pocket as illustrated in the before
modification susceptor graph of FIG. 9.

As aresult, a difference in temperature is generated on the surface of the wafer
loaded on the susceptor 30. Therefore, the outer region and the inner region of the
epitaxial layer deposited on the wafer have different growth speeds. Accordingly,
emission wavelength deviation is generated in the semiconductor light emitting devices
produced in one wafer and the thicknesses of a material layer grown in one wafer vary
a lot in accordance with regions.

As described above, the ranges of the emission wavelengths of the semiconductor

devices produced on one susceptor or one wafer are not uniform but are various.
Disclosure of Invention
Technical Problem

An embodiment of the present invention provides a susceptor by which a thin film
of a uniform thickness can be formed on a wafer and a semiconductor manufacturing
apparatus including the same.

An embodiment of the present invention provides a susceptor by which it is
possible to improve the light intensity of a semiconductor light emitting device and a
semiconductor manufacturing apparatus including the same.

An embodiment of the present invention provides a susceptor having inclined
pockets and a semiconductor manufacturing apparatus including the same.
Technical Solution

A susceptor provided in a reaction chamber comprises at least one pocket whose
bottom surface is inclined.

In a susceptor on which a wafer is loaded, a plurality of pockets are formed in the
susceptor and at least one of the pockets is formed so that the bottom surface of the
pocket is inclined.

A semiconductor manufacturing apparatus comprises a reaction chamber, a heating
unit that generates heat in the reaction chamber, a susceptor on which a wafer is loaded

and that includes at least one pocket whose bottom surface is inclined, and a rotation
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shaft coupled with the susceptor.

According to the embodiments, inclined pockets are provided in the susceptor so
that it is possible to remove deviation in temperature of the surface of the wafer
generated by the rotation shaft of the susceptor, to make the temperature of the wafer
uniform, and to make the thickness of the material layer deposited on the surface of the
wafer uniform.

Advantageous Effects

In the susceptor according to the embodiment and the semiconductor manufacturing
apparatus including the same, since heat is uniformly transferred to the wafer, it is
possible to form the uniform thin film on the surface of the wafer.

In addition, it is possible to reduce deviation in the electrical/optical characteristics
of the semiconductor light emitting devices produced from the wafer loaded on the
susceptor and to improve the yield of the semiconductor devices of each wafer.

In addition, since deviation in temperature of the surface of the wafer increases, it is
possible to increase the light intensity of the semiconductor light emitting device.
Brief Description of the Drawings

FIG. 1 is a sectional view illustrating a ralated art semiconductor manufacturing
apparatus.

FIGs. 2A and 2B are a plan view of a conventional susceptor and a sectional view
taken along the line A-A of the conventional susceptor.

FIG. 3 is a sectional view illustrating a semiconductor manufacturing apparatus
according to an embodiment of the present invention.

FIGs. 4A and 4B are a plan view of a susceptor according to an embodiment of the
present invention and a sectional view taken along the line B-B of the susceptor.

FIGs. 5A and 5B illustrate a pocket according to an embodiment of the present
invention.

FIGs. 6 to 8 illustrate examples of the pockets of the susceptor according to an
embodiment of the present invention.

FIG. 9 is a graph in which results of measuring temperatures by regions of the
related art susceptor and the susceptor according to the present invention are compared
with each other.

FIGs. 10 and 11 are graphs illustrating elements produced on one wafer and the
emission wavelength characteristics of the elements in accordance with the inclinations
of the bottom surface of the pocket according to an embodiment of the present
invention.

FIG. 12 is a graph illustrating emission wavelength characteristics by regions of a

wafer in accordance with the inclinations of the bottom surface of the pocket according
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to an embodiment of the present invention.
Best Mode for Carrying Out the Invention

Embodiments of the present invention will be described with reference to the
attached drawings.

FIG. 3 is a sectional view of a semiconductor manufacturing apparatus according to
an embodiment of the present invention. FIGs. 4A and 4B are a plan view of the
susceptor of FIG. 3 and a sectional view taken along the line B-B of the susceptor.
FIG. 5 illustrates a pocket in detail.

Referring to FIG. 3, a semiconductor manufacturing apparatus 100 includes a
reaction chamber 120, a susceptor (or wafer carrier) 130, a rotation shaft 150, a heating
unit 160 such as a heater, and a shroud 170.

The susceptor 130 is provided in the reaction chamber 120 and at least one pocket
140 is formed in the top surface of the susceptor 130. Here, the bottom surface of at
least one of the pockets 140 is inclined.

A wafer (not shown) is loaded on the pocket 140 and the rotation shaft 150 is
coupled with the under part of the susceptor 130 to rotate the susceptor 130. The
heating unit 160 heats the under part of the susceptor 130 and the inside of the reaction
chamber 120 at a predetermined temperature. The shroud 170 supplies source materials
to the reaction chamber 120.

The source materials are supplied to the reaction chamber 120 through the shroud
170. The susceptor 130 in the reaction chamber 120 is rotated by the rotation shaft 150.
The inside of the reaction chamber 120 and the susceptor 130 are heated by the heating
unit 160. At this time, a semiconductor thin film or an insulating layer is formed on the
surface of the wafer (not shown) by the chemical reaction of the flowed source
materials.

As the surface of the pocket 140 of the susceptor 130 is inclined, the thickness of
the susceptor is in inverse proportion to the depth or the degree of inclination of the
bottom surface of the pocket 140. Accordingly, the heat transferred to the wafer
through the susceptor 130 increases as the bottom surface of the pocket 140 is deeper
and is reduced as the bottom surface of the pocket 140 is shallower.

Here, the semiconductor manufacturing apparatus 100 includes an apparatus such as
a metal organic chemical vapor deposition (MOCVD) apparatus, a molecular beam
epitaxy (MBE) apparatus, and a chemical vapor deposition (CVD) apparatus. An
element such as a gallium nitride based semiconductor light emitting device, a high
electron mobility transistor (HEMT), a field effect transistor (FET), and a laser diode is
grown on the surface of the wafer (not shown) using such an apparatus.

The susceptor 130 is formed of carbon or aluminum nitride (AIN). The surface that
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contacts the wafer on the surface of the susceptor 130 and in the pocket 140 is coated
with a silicon carbide (SiC) layer, a carbon layer, or an aluminum nitride (AIN) layer.

Here, the surface of the susceptor 130 is coated with the silicon carbide (SiC) layer
or the aluminum nitride (AIN) layer so that it is possible to prevent the susceptor made
of carbon from being damaged by chemical cleaning using hydrogen fluoride (HF) or
thermal cleaning and to prevent the characteristic of the susceptor from deteriorating.
Here, the deposition thickness of the silicon carbide layer or the aluminum nitride layer
is preferably 10A to 10,000A.

As illustrated in FIGs 4A and 4B, at least one pocket 140 can be formed on the top
surface 132 of the susceptor 130. In the drawings, six pockets 140 P1 to P6 are formed.
However, the present invention is not limited to the above.

1 to 50 or more pockets can be formed in the susceptor 130 in accordance with the
size of the wafer or the capacity of the reaction chamber. In addition, one or more
columns of pockets can be formed in the susceptor 130.

In the pocket 140, a flat part and a round part exist. The flat part is formed on the
outer side of the pocket to prevent the wafer from rotating. The flat part of the pocket
may be removed from the pocket.

Hereinafter, for convenience sake, the outermost end of the pocket 140 is referred to
as an outer point 141 and the innermost end of the pocket 140 is referred to an inner
point 142 based on the center X of the susceptor. In the pocket, the distance d between
the inner point 142 and the outer point 141 is maximal. In the pocket 140, the flat part
can be formed in the outer point 141 or the inner point or in other points.

The bottom surfaces 144 of the pockets P1 and P4 are inclined. The bottom surface
144 of the first pocket P1 is an inclined surface formed so that the inner point 142 is
deeper than the outer point 141. The bottom surface 144 of the fourth pocket P4 is an
inclined surface formed so that the outer point is deeper than the inner point 142.

Like in the fourth pocket P4, the outer point 141 can be formed to be deeper than
the inner point 142. Accordingly, deviation in the temperature of the surface of the
wafer generated by the susceptor can be larger and the light intensity of the semi-
conductor light emitting device produced by the wafer can be improved.

The inclined bottom surfaces 144 of the pockets P1 and P4 affect the thickness
between the top surface 132 of the susceptor 130 and the bottom surface 134 of the
susceptor 130. That is, the thickness of the susceptor 130 varies in accordance with the
inclined bottom surfaces 144 of the pockets P1 and P4. Here, a shaft coupling groove
135 is formed in the center of the under part of the susceptor 130.

In addition, in the susceptor 130, the bottom surfaces of the pockets P1, P2, and P3
can be inclined toward the inner point 142 and the bottom surfaces of the pockets P4,

P5, and P6 can be inclined toward the outer point 141. The directions in which the
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bottom surfaces of the pockets P1 to P6 are inclined can varies in accordance with the
distribution of the temperatures of the wafer loaded in the susceptor 130.

Referring to FIGs. 5A and 5B, the minimum depth h1 of the pocket P4 is no less
than the thickness of the wafer and the maximum depth h2 of the pocket P4 can vary in
accordance with the inclination angle.

The inner point 142 of the pocket P4 is the minimum depth h1 in the pocket and the
outer point 141 of the pocket P4 is the maximum depth h2 in the pocket. In the pocket
P1, the bottom surface 144 is inclined in the direction opposite to the direction in
which the bottom surface 144 is inclined in the pocket P4.

Here, the inclination angle 01 of the bottom surfaces 144 of the pockets P1 and P4
is set in the range of 0 < 01 < -10°based on the top surface 132 of the susceptor. At this
time, the maximum depth h2 in the pockets P1 and P4 can be no more than 10mm and
the minimum depth h1 can be no less than the thickness of the wafer. Here, the depth
or the angle of inclination of the bottom surfaces 144 of the pockets P1 and P4 can
vary in accordance with the size of the wafer. For example, in the case of a 2-inch
wafer, the depth of the bottom surfaces 144 of the pockets P1 and P4 can be formed to
the maximum depth of about 3mm to about Smm.

The inlcined direction of the bottom surface 144 of the pocket P4 is opposite to the
inclined direction of the bottom surface 144 of the pocket P1 and the inclination angle
01 of the bottom surfaces 144 of the pocket P4 and the pocket P1 is the same.

FIGs. 6 to 8 are sectional views illustrating a susceptor according to another
embodiment of the present invention.

As illustrated in FIG. 6, the bottom surface 144 of a pocket P11 is inclined against
the top surface 132 of the susceptor 130 by an angle of 02 from the inner point 142 to
the outer point 141. A pocket P14 is inclined against the top surface 132 of the
susceptor 130 by an angle 03 from the outer point 141 to the inner point 142. The in-
clination angles 02 and 03 of the bottom surfaces can be differnt from each other.

As illustrated in FIG. 7, pockets P21 and P24 have a structure in which the depth of
the bottom surface increases toward the center X of the susceptor or the inner point
142. At this time, the bottom surfaces 144 of the pockets P21 and P24 can be inclined
at the same angle or at different angles. Here, the two pockets P21 and P24 can be
provided to correspond to each other.

As illustrated in FIG. 8, pockets P31 and P34 have a structure in which the depth of
the bottom surface increases toward the outer side Y of the susceptor or the outer point
142. At this time, the inclination angles 04 and 05 of the bottom surfaces of the two
pockets P31 and P34 can be equal to each other or different from each other. Here, the
two pockets P31 and P34 can be provided to correspond to each other.

According to such an embodiment, the bottom surfaces of the pockets cor-
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responding to each other can be inclined toward the inner point or the outer point in the
susceptor. The inclination angle and the inclination direction of the bottom surfaces of
the pockets formed in the susceptor may be selectively changed. In addition, even
pockets and inclined pockets can be used together in one susceptor.

On the other hand, the operation of the semiconductor manufacturing apparatus
including the above-described susceptor will be described with reference to FIGs. 3 to
5 as follows. According to the present invention, for convenience sake, the MOCVD
apparatus is used.

A wafer is loaded on the inclined bottom surface of the at least one pocket 140
formed in the top surface of the susceptor 130. The heating unit 160 heats the inside of
the reaction chamber 120 and the under part of the susceptor 130 and the rotation shaft
150 rotates the susceptor 130 at predetermined speed.

Here, the rotation shaft 150, as illustrated in FIG. 4B, is coupled with the shaft
coupling groove 135 formed in the under part of the susceptor 130.

The inclination angle of the bottom surface of the pocket 140 is in the range of 0° <
0 < -10 °based on the top surface 132 of the susceptor 130.

Source gases and carrier gases are flowed to the reaction chamber 120 through the
shroud 170 included to the reaction chamber 120. The carrier gases can include, for
example, a trilmethyl aluminum gas, an ammonia gas, and hydrogen or nitrogen.

The trilmethyl aluminum gas and the ammonia gas flowed through the shroud 170
are guided to the reaction chamber 120 so as not to react to each other. The
temperature of the internal wall of the reaction chamber, in particular, the temperature
of the upper part of the susceptor is increased by the heating unit 160 so that the wafer
loaded on the top surface of the susceptor is heated at the temperature of about
1,000°C.

A gas phase reaction between the trilmethyl aluminum gas and the ammonia gas
occurs in the reaction chamber 120 so that, for example, aluminum nitride is ef-
fectively deposited on the wafer. Here, a change in the thickness of a material layer
deposited on the surface of the wafer can be improved to about 1.8%.

As described above, since the wafer is loaded to be inclined by the inclined bottom
surface of each pocket 140, it is possible to reduce a difference in temperatures by
regions of the wafer. Therefore, the entire wafer is uniformly heated. In addition, the
temperature of the wafer loaded on the susceptor 130 can be uniformly maintained, for
example, to have deviation within +2°C based on reference temperature.

Therefore, when the semiconductor light emitting devices produced from a wafer
loaded on each pocket 140 in one susceptor 130 are compared with each other, the
semiconductor light emitting devices having the same emission wavelength region in

the entire region of the wafer can be produced. For example, the emission wavelength
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region of the semiconductor light emitting devices produced in the center region, the
inner region, and the outer region of the wafer loaded on one pocket is about 455nm.

FIGs. 9 to 12 are graphs illustrating the examples of results of examining emission
wavelength regions by light emitting diodes manufactured from one wafer by the
above-described method.

FIG. 9 illustrates the distribution of temperatures by regions of the susceptor before
modification (according to a ralated art) and after modification (according to the
present invention) for the bottom surface of the pocket. Here, the wafer is grown in the
pocket the inclination angle of the bottom surface of which before modification is
0°and after modification is -0.1°in the inner point. The solid line of the graph il-
lustrates the susceptor (according to the related art) before modification and the dotted
line of the graph illustrates the susceptor (according to the present invention) after
modification.

Since the inner point of the pocket formed in the susceptor has the maximum depth
so that the thickness of the susceptor is reduced from the external circumference
toward the center, the distribution of temperatures from the center point of the pocket
of the susceptor toward the inner point of the pocket of the susceptor increases by AT
compared with the distribution of temperatures before modification. As a result, a
difference in temperature between the regions of the susceptor according to the
embodiment is reduced by about 3°C compared with a difference in temperature
between the regions of the related art susceptor.

FIGs. 10 and 11 illustrate distribution of wavelengths obtained when a wafer having
an area of 2 inches is loaded on the susceptor according to the embodiment, a material
layer is formed on the wafer, and the semiconductor light emitting devices produced
from the wafer are examined. FIG. 10 illustrates that the inclination angle of the
bottom surface of the pocket is -1°in the inner point. FIG. 11 illustrates that the in-
clination angle of the bottom surface of the pocket is -2°in the outer point. Count of the
axes of ordinates of FIGs. 10 and 11 represents the number of measured semiconductor
light emitting devices and the axes of abscissa of FIGs. 10 and 11 represent the peak
lambda (nm) of the semiconductor light emitting devices.

As illustrated in FIGs. 10 and 11, the output wavelengths of the semiconductor light
emitting devices produced from one wafer are commonly distributed based on single
wavelengths from 452nm to 458nm.

FIG. 12 is a graph illustrating the wavelength characteristics of the semiconductor
light emitting devices measured by dividing the wafer grown by the susceptor by a
uniform distance. Here, in the axis of abscissa, it is numbered by 2, 4, 6, and 8 from the
inner point to the outer point by a uniform distance.

In FIG. 12, the bottom surface of a pocket B is inclined at an angle of -0.5°toward
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the inner point, the bottom surface of a pocket C is inclined at an angle of -1°toward
the inner point, the bottom surface of a pocket D is inclined at an angle of -2°toward
the inner point, and the bottom surface of a pocket E is inclined at an angle of -
0.5°toward the outer point.

Referring to the graph of FIG. 12, although a difference in wavelength char-
acteristic exists among the pockets B, C, D, and E, the emission characteristics of the
produced light emitting diodes become almost the same from the outer region of the
wafer toward the inner region of the wafer. Not only the emission wavelength regions
but also the operation voltages of the light emitting diodes, which are about 3.0V, are
almost the same all over the entire region of the wafer.

As aresult, it is possible to reduce a difference in temperature between the regions
of the susceptor according to the embodiment compared with a difference in
temperature between the regions of the related art susceptor. That is, deviation in tem-
peratures over the entire surface of the wafer is reduced. Since the wafer loaded on the
susceptor is heated at the uniform temperature, the material layer is uniformly
deposited on the entire region of the wafer so that it is possible to prevent the light
emitting diodes having different emission wavelength regions from being produced.

While the invention has been shown and described with reference to certain
preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims.

Industrial Applicability

An embodiment and the semiconductor manufacturing apparatus including the
same, since heat is uniformly transferred to the wafer, it is possible to form the uniform
thin film on the surface of the wafer.

In addition, it is possible to reduce deviation in the electrical/optical characteristics
of the semiconductor light emitting devices produced from the wafer loaded on the
susceptor and to improve the yield of the semiconductor devices of each wafer.

In addition, since deviation in temperature of the surface of the wafer increases, it is
possible to increase the light intensity of the semiconductor light emitting device.
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Claims

A susceptor provided in a reaction chamber, in which the susceptor comprises at
least one pocket, a bottom surface of which is inclined.

The susceptor of claim 1, wherein the number of pockets is 1 to 50.

The susceptor of claim 1, wherein a plurality of pockets are formed in at least
one column from a center of the susceptor to an outer side of the susceptor.

The susceptor of claim 1, wherein a bottom surface of the pocket is inclined at an
angle in a range of 0°< 6< -10°based on a top surface of the susceptor.

The susceptor of claim 1, wherein inclination angles of bottom surfaces of the
pockets are equal to each other or different from each other according to pockets.
The susceptor of claim 1, wherein a bottom surface of at least one pocket is
inclined from an outer side of the susceptor to a center of the susceptor or from
the center of the susceptor to the outer side of the susceptor.

The susceptor of claim 1, the bottom surface of at least one pocket is inclined
from an inner point of the pocket to an outer point of the pocket or from the outer
point of the pocket to the inner point of the pocket.

The susceptor of claim 1, wherein the susceptor comprises at least one first
pocket an outer point of which has a maximum depth and/or at least one second
pocket an inner point of which has the maximum depth.

The susceptor of claim 1, wherein a depth of the bottom surface of the pocket is
no less than a thickness of a wafer and no more than 10mm based on the top
surface of the susceptor.

The susceptor of claim 1, wherein the susceptor or the pocket is formed of or
coated with carbon or aluminum nitride.

The susceptor of claim 10, wherein the carbon or aluminum nitride is deposited
with a thickness between 10A and 10,000A.

A susceptor on which a wafer is loaded, wherein a plurality of pockets are
formed in the susceptor, and at least one of the pockets has an inclined bottom
surface.

The susceptor of claim 12, wherein the susceptor comprises pockets having flat
bottom surfaces or/and pockets having bottom surfaces inclined from an inner
point to an outer point.

The susceptor of claim 1, wherein the bottom surface of the pocket is inclined at
an angle in a range of 0°< 0< -10°based on the top surface of the susceptor.

A semiconductor manufacturing apparatus comprising:

areaction chamber;

a heating unit that generates heat in the reaction chamber;
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a susceptor on which a wafer is loaded and that includes at least one pocket
whose bottom surface is inclined; and

a rotation shaft coupled with the susceptor.

The semiconductor manufacturing apparatus of claim 15, wherein the inclined
pocket has a surface inclined from a center of the susceptor to an outer side of
the susceptor or a surface inclined from the outer side of the susceptor to the
center of the susceptor.

The semiconductor manufacturing apparatus of claim 15, wherein the inclination
angle of the bottom surface of the pocket is in a range of 0°< 0< -10°based on
the top surface of the susceptor.

The semiconductor manufacturing apparatus of claim 15, wherein a depth of the
bottom surface of the inclined pocket is no less than a thickness of the wafer and
no more than 10mm from the top surface of the susceptor.

The semiconductor manufacturing apparatus of claim 15, wherein inclination
angles of the bottom surfaces of the inclined pockets are equal to each other or
different from each other according to pockets.

The semiconductor manufacturing apparatus of claim 15, wherein the reaction
chamber includes one of a metal organic chemical vapor deposition (MOCVD)
apparatus, a molecular beam epitaxy (MBE) apparatus, and a chemical vapor

deposition (CVD) apparatus.
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