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SUSCEPTOR

BACKGROUND

There are various reactor designs for metal-organic chemical

vapor deposition (MOCVD) reactors. In an MOCVD reaction, a film

of material is formed on a heated wafer surface by reaction of

reacting gases directed at the heated surface. The product can

deposit on the surface of the wafer, and the gaseous by-products

will be removed from the reactor by the exhaust pump. MOCVD

reactors have been used for the preparation of a wide variety of

epitaxial compounds, including various combinations of

semiconductor single films and heterostructures such as lasers and

LEDs.

In general, there are multiple options to heat up the wafer,

but two options are most popular. The first option is heating by a

resistive heater, and the second is heating by an induction heater.

However, a conventional resistive heater typically cannot provide

deposition temperature stability above about 1,500°C for prolonged

periods of the time due to dimension instability, i.e. warpage.

Deposition temperature is the wafer surface temperature at which

material deposits on the wafer surface. For this reason, an

induction heater typically is used when a high temperature has to be

provided above about 1,500°C. However, when increasing the

deposition temperature to around 1700°C, prior art designs will



encounter problems.

There is a recognized levitation issue for a conventional

induction heating setup. See, for example, US Patent No.

6,368,404 describing how a susceptor can be levitated away from

the underlying susceptor. This undesired levitation arises because

an induction coil will generate an alternating magnetic flux, and this

alternating magnetic flux will induce Eddy currents on the susceptor

according to Faraday's Law. Eddy currents, induced by the

induction coil on the surface of the susceptor, will interact with the

magnetic flux, generated by the induction coil. When Eddy

currents flow through the susceptor, Eddy currents will induce a

magnetic flux, which is against the magnetic flux produced by the

induction coil. The result is that the interaction between Eddy

currents and magnetic flux creates a force which can cause

levitation of the susceptor. This levitation force can cause the

carrier to part from the induction heating device and lower heat

transfer efficiency.

Further, any conductive object will induce Eddy currents when

alternating magnetic flux, generated by the induction coil,

approaches and pass through the object (see, for example, Figure

4). The susceptor is typically placed in the center of an induction coil,

so the alternating magnetic flux can easily penetrate any conductive

object above the induction coil. Hence, other conductive objects

need to be kept far away from the induction coil; otherwise, the

objects will be heated up by the induction coil possibly causing

damage. For MOCVD process, many gaseous reactants are



injected into the reactor by gas inlets, commonly made of a

conductor, and the chemical reaction will happen when these

reactants meet each other on the surface of the wafer. At such

high temperature (e.g., 1700°C), the gas inlets need to be kept far

away from the susceptor to avoid the magnetic flux. Otherwise, if

the gas inlets are kept too close to the wafer surface, their

temperature will increase due to the magnetic flux (the field will be

even stronger when the power of induction heater increases), which

will cause the reactants to decompose before reaching the wafer or

they may deposit on the gas inlets surface. The reactants also may

react before they reach the wafer surface, or some gas recirculation

may occur. Also, there is a possibility of melting the gas inlets

apparatus. However, if gas inlets are kept far away from the

susceptor, this can cause low growth efficiency, non-uniform

thin-film growth on the wafer, or low yield. To avoid this, the

susceptor may need to be rotated at high revolutions per minute

(RPM), but the rotation might cause recirculation flow of gases.

This recirculation flow will affect the growth efficiency and quality.

Hence, better designs are needed for high-temperature

MOCVD's with the use of induction heating in a CVD apparatus.

SUMMARY

Embodiments described and/or claimed herein include, for

example, structures, devices, apparatuses, and systems, and

methods of making and methods of using such structures, devices,

apparatuses, and systems.



A first aspect is a susceptor device for a chemical vapor

deposition (CVD) reactor comprising: at least one horizontal plate

which is adapted for holding at least one wafer; at least one vertical

rod integrated with and perpendicular to the horizontal plate,

wherein the susceptor device is adapted for induction heating.

In one embodiment, the susceptor device is free of a

resistive heater.

In one embodiment, the susceptor device comprises two or

more vertical rods integrated with and perpendicular to the

horizontal plate.

In one embodiment, the vertical rod functions as a heat

source for the horizontal plate.

In one embodiment, the susceptor is adapted so it can be

rotated during the CVD process.

Another embodiment is a CVD apparatus comprising the

susceptor device as described and/or claimed herein.

In one embodiment, the apparatus further comprises a

thermal insulation structure which at least partially surrounds the

susceptor.

In one embodiment, the apparatus further comprises a

showerhead injection structure.

In on embodiment, the apparatus comprises at least one

induction coil and at least one reaction chamber, and the induction

coil is installed inside the reaction chamber.



Another embodiment provides for a method of using the CVD

apparatus as described and/or claimed herein, wherein the CVD is

carried out at a susceptor surface temperature of at least 1500°C.

In one embodiment, the susceptor surface temperature at

which CVD is carried out is at least 1,600°C, or is at least 1,700°C.

At least some advantages in at least some embodiments

include avoiding the levitation problem; harvesting more power

transferred from the induction heater which results in higher energy

efficiency; higher growth rates; and/or better film homogeneity and

quality.

Other possible advantages for at least some embodiments

include, for example, the gas inlets can be placed near to the

surface of the wafers (e.g. less than 10 mm) which will reduce the

needs of high flow rates of the precursors; and minimize the need

for some inert gases like H2 or N2 to suppress the recirculation and

increase the growth uniformity. Also, the power efficiency will be

higher because the vertical rod will be occupying most of the

magnetic flux zone of the coil which means maximum power will be

utilized to heat up the susceptor as shown, for example, in Figure 6 .

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates one embodiment for a mushroom-like susceptor

structure with multiple-wafer capability where multiple vertical rods

are integrated with the horizontal plate (1A, left) and another

embodiment with only a single vertical rod ( B, right).



FIG. 2 illustrates one embodiment for a mushroom-like susceptor

structure applied in a vertical reactor.

FIG. 3 illustrates one embodiment for a mushroom-like susceptor

structure applied in a horizontal reactor in which a wedge can be

used for tilting.

FIG. 4 illustrates in one prior art embodiment how an alternating

magnetic flux, generated by induction coil, affects any conductor

above the induction coil which can cause magnetic flux leak to the

showerhead.

FIG. 5 illustrates in one embodiment the cross section of the

mushroom type susceptor where heat conduction between the

vertical rod and the horizontal plate is shown. A key point is that

the vertical rod is heat source which conducts heat to horizontal

plate.

FIG. 6 illustrates in one embodiment how the mushroom-like

structure prevents Eddy currents in any conductor above the

horizontal plate (such as gas inlets) from the alternating magnetic

flux, generated by induction coil, by weakening the strength of the

alternating magnetic flux.



FIG. 7 illustrates in one embodiment mushroom-like susceptor

surrounded by a thermal insulator that is fixed by a plurality of

screws and mounted on either the base of the reactor or a rotator.

FIG. 8 illustrates in one embodiment a mushroom-like susceptor

surrounded by a thermal insulator that is fixed by a screw which

penetrates the base of the reactor and thermal insulator, to the

bottom of the susceptor.

FIG. 9 illustrates in one embodiment the vertical rod part of the

mushroom-like susceptor which can be made a bolt-like structure

and the thermal insulator which can be made a screw hole.

Mushroom-like susceptor itself is screw mounted into the thermal

insulator.

FIG. 10 illustrates in one embodiment the vertical rod part of the

mushroom-like susceptor without surrounding insulation ( 0A, left)

and with surrounding insulation (10B, right), and it shows the

importance of the insulator in protecting the coil and confining the

heat.

FIG. 1 illustrates in one embodiment the mushroom susceptor with

curved or smooth corners to facilitate the heat conduction to the

edge of the horizontal plate.



FIG. 12 illustrates in two embodiments the mushroom susceptor with

multiple coils surrounding each vertical rod (12A, left), or one coil

surrounding all the vertical rods (12B, right).

FIG. 13 illustrates in one embodiment the mushroom susceptor

where the horizontal plate is not integrated to the vertical rod, and

optionally, they may comprise different materials.

FIG. 14 illustrates in one embodiment the mushroom susceptor

where there is a thermocouple hole inside the vertical rod for a

thermocouple probe to measure the temperature of the horizontal

plate.

FIG. 15 illustrates the thermal insulator underneath the vertical rod

and how it can be mounted on the rotor.

DETAILED DESCRIPTION

INTRODUCTION

Additional, more detailed description is provided hereinbelow.

References cited herein are incorporated herein by reference

in their entirety.

Chemical vapor deposition (CVD), metal organic chemical

vapor deposition (MOCVD), metal organic vapor phase epitaxy

(MOVPE), and organometal vapor phase epitaxy (OMVPE) are

methods known in the art, and carrying out such methods are also



known in the art. See, for example, Chemical Vapor Deposition:

Principles and Applications, Hitchman, Jensen (Eds.), 1993. See

also, for example, US Patent Nos. 9,299,595; 8,709,162; 7,126,090;

6,321 ,680; 6,031 ,211 ; 5,964,943; 5,835,678; 5,759,263; 5,700,725;

and US Patent Publication No. 2010/0199914; 2008/0036155 and

other references cited herein. See also JP 20 3 115264 and CN

103436862. Methods for making reactors to carry out such

methods are known in the art.

In one embodiment, the shim, the fluid manifold, or any

other element described in US Patent No. 9,299,595 is not part of

the device, apparatus, or methods of the presently claimed

inventions.

The inventive embodiments relate to chemical vapor

deposition (CVD) and, in particular, metal organic chemical vapor

deposition (MOCVD). MOCVD is widely used, for example, for

growing lll-V semiconductor material which is a common material

for fabricating laser and LEDs device. In preferred embodiments,

the inventive embodiments solve levitation issues when an

induction heating system is applied. Furthermore, gas inlets can

be placed even closer to the wafer surface in the inventive

embodiments when the induction heating system is applied. In

essence, preferred embodiments provide for integrating a wafer

holder and a heating component into a whole part with a

mushroom-like shape. This mushroom-like structure can harvest

more power transferred from induction heater, and results in higher

energy efficiency.



In a preferred embodiment, a mushroom-like structure is an

integrated component which contains a horizontal plate and a

perpendicular rod, as shown in Figure . One or more wafers can

be directly placed on the plate. One or more induction coils can be

placed beneath the plate and surround the vertical rod, respectively.

Also, a thermal insulator can be used in one embodiment to protect

the coils from melting as well as confining the heat and controlling

heat flow. Furthermore, the mushroom-like susceptor can have a

hole for a thermocouple, which can measure wafer temperature

accurately, as shown in Figure 14.

The susceptor device structure is made of one or materials

which are an electric conductor. By this preferred design, the plate

can block the alternating magnetic flux induced by the induction coil.

Further, this mushroom-like structure is fixed by, for example, a

system of screws, so that it can prevent levitation. See Figures

7-9.

SUSCEPTOR DEVICE

Provided herein is a susceptor device for a chemical vapor

deposition (CVD) reactor. The device comprises at least one

horizontal plate which is adapted for holding at least one wafer; and

at least one vertical rod integrated with and substantially

perpendicular to the horizontal plate. The vertical rod can join the

horizontal plate in the middle of the plate. One can call this

susceptor device structure, based on a horizontal plate with a



vertical rod, a "mushroom-shaped susceptor" for convenience.

A non-limiting example of the susceptor device is shown in

Figures A and B, which shows the horizontal plate and one or

more vertical rods. The horizontal plate can have one or more

regions for accepting one or more wafers.

The susceptor device, both the horizontal plate and the

vertical rod, can be made out of electronically or electrically

conductive materials (not ionically conductive materials), as

known in the art, including graphite or metals including molybdenum.

The electronic conductivity must be sufficient to allow the Eddy

current to be induced in the susceptor and for the temperature rise

from induction heating, as known in the art. As shown in Figure 13,

the same or different materials can be used for the horizontal plate

and vertical rod.

As known in the art, the horizontal plate can comprise one or

more depressions or impressions designed to hold one or more

wafers which are subjected to the deposition process as shown in

Figures 1A and 1B. In more detail, this means each wafer has to

be placed in a groove "depression" preventing the wafer from

moving. See, for example, US Patent No. 5,242,501 . In preferred

embodiments, the number of wafers which can be disposed on the

horizontal plate can be, for example, at least one, at least two, or at

least five, or 2-1 00. A typical size of the wafer can be, for example,

2, 4 , 6, 8 , or 12 inches in diameter. Wafers are known in the art and

can come in different sizes such as, for example, 2, 3, 4, 6 , or 8 inch

wafers.



In a preferred embodiment, the horizontal plate is a cylindrical,

symmetrical disk shape in which the diameter is larger than the

height. There can be an optimal height of the horizontal plate to

ensure temperature uniformity. In a preferred embodiment, the

vertical rod can be a cylindrical, symmetrical shape in which the

diameter is less than the height. Figure 1 shows an embodiment

in which smooth or rounded corners can be used.

The vertical rod can function as a heat source for the

horizontal plate (see, for example, Figure 5). The ratio of plate

diameter and vertical rod height is related to the design and can be

adapted for a particular application. The length of the vertical rod

can be as long as the coil. The vertical rod can be surrounded by

more turns of coils if the vertical rod is longer. The more turns of

the coil there can be, the stronger can be the magnetic flux. The

stronger magnetic flux can induce more Eddy current on the vertical

rod which can heat up the rod further. In some embodiments, the

diameter of the vertical rod is equal or larger than the wafer's

diameter to heat it up uniformly.

The ratio of the diameter of the horizontal plate to the length of

the vertical rod can be, for example, 1:0.8.

The ratio between the diameter of the horizontal plate to the

diameter of the rod can be important. If the diameter of the plate is

much larger than the diameter of the rod, the plate periphery will not

heat up. The ratio can be, for example, about 1:0.6.

The size of a typical susceptor device can be described by the

following: the diameter of the horizontal plate can be, for example,



three inches. The thickness of the plate can be, for example, 0.25

inches. The diameter of the rod can be, for example, two inches.

Integrating the vertical rod to the horizontal plate can increase

the power efficiency because the rod is occupying most of the

magnetic flux zone which means maximum power will be utilized to

heat the vertical rod. The vertical rod acts as a heat source which

conducts the heat to the horizontal plate as shown in Figure 5 . In

another embodiment, the mushroom susceptor can have curved

corners to maximize the heat conduction to the horizontal plate as

shown in Figure 1 . Also in one embodiment, the rod may be

surrounded with an insulating material to confine the heat inside the

vertical rod and conduct the maximum heat toward the horizontal

plate. Furthermore, the insulating material can protect the coils

from excessive heat as shown in Figure 10.

The present invention can help to solve the issues described

herein. For the levitation problem, there are at least three

embodiments which can further help to avoid this problem. In one

embodiment, the mushroom-like susceptor is surrounded by a

thermal insulator, as shown in Figure 7 . The susceptor can resist

levitational force by its weight, and the thermal insulator can prevent

the susceptor from swaying due to levitational force. The thermal

insulator is fixed by a plurality of screws and is mounted on either

the base of the reactor or a rotator if susceptor rotation is desired or

required. In another embodiment, the mushroom-like susceptor is

surrounded by a thermal insulator, as shown in Figure 8, and fixed

by a screw which penetrates the base of the reactor and thermal



insulator to the bottom of the susceptor. Also, the volumetric mass

density of the susceptor is high which may prevent its levitation. In

another embodiment, the vertical rod part of the mushroom-like

susceptor can be made into bolt-like structure with threads, and the

thermal insulator can be machined with corresponding threads on

the inner wall. The mushroom-like susceptor itself can be screw

mounted into thermal insulator as shown in Figure 9. Moreover,

the coil may be mainly placed around the rod only, which will reduce

the magnetic flux above the susceptor. The primary heating

mechanism will be from the thermal conduction between the vertical

rod and the horizontal plate. Figures 10A and 10B show further the

importance of the use of thermal insulation. Figure 15 shows more

how the thermal insulator can be integrated with the base. The

mushroom-like structure can be stabilized under induction heating

process by these designs.

For the problem of heating the gas inlets, the horizontal

plate of mushroom-like structure can cover the entire upper space

of induction coil. The horizontal plate will induce an opposite

direction magnetic flux against the one from the induction coil. The

result is that the horizontal plate makes a shield for any conductive

object above the horizontal plate by weakening the alternating

magnetic flux. Also, the induction coils can surround the vertical

rod itself but be away from the horizontal plate as shown in Figure 6 .



INDUCTION HEATING SYSTEM

Induction heating systems are known in the art including those

used for CVD processing and reactors. See, for example, US

Patent Nos. 6,368,404, 6,217,662, and Elements of Induction

Heating: Design, Control, and Applications, S. Zinn, S.L. Semiatin,

1988. One or more coils can be used as known in the art, and the

spacing of the RF coils can be adapted for the particular application.

One skilled in the art can generate a system in which sufficient RF

coupling occurs to achieve a desired temperature outcome and

have sufficient uniformity of heating. Induction heating allows for

higher temperature heating such as more than 1,500°C.

The induction coils can be disposed around the vertical rod

and beneath the horizontal plate. In one embodiment, the

mushroom susceptor can have multiple vertical rods and each road

can be surrounded by a coil, or one coil can surround all the vertical

rods at once. Figures 12A and 12B show both cases.

In some cases, the prior art has taught use of coils to generate

plasma conditions (e.g., see, Gourvest et al., ECS J. Solid State Sci.

Tech. , 1(6), Q11 9-Q122 (2012)). However, this is different from

use of coils to generate induction heating. In one embodiment, the

CVD method is carried out without use of plasma, and the coils are

not adapted for use in creating a plasma.

How deep the heat inside the rod (skin depth) depends on the

frequency of the AC. The lower the frequency, the deeper the skin

depth is. In the inventive design, one needs to heat the whole

cross section of the rod to heat the wafer uniformly. This is why low



frequencies are advised. However, any frequency can be adopted

according to the configuration and the growth condition needed.

APPARATUS AND OTHER COMPONENTS

There are many reactor designs for CVD reactors and

metal-organic chemical vapor deposition (MOCVD) reactors, such

as vertical reactors, as shown in Figure 2 and Figure 3, and

horizontal reactors as well as known in the art. Reactors can be,

for example, cold wall reactors or hot wall reactors. These types of

CVD and MOCVD reactors have been used for preparation of a

variety of epitaxial compounds, like various combinations of

semiconductor single films and heterostructures such as lasers and

LEDs.

Elements of a reactor can include, for example, the reaction

chamber, reactor walls, a liner, gas injection units, temperature

control units, cooling water systems, pressure maintenance

systems, gas exhaust systems, and cleaning systems, among other

elements.

So-called "showerhead" structures can be used for the gas

injectors and introducing into the reaction chamber processing

gases, precursors, and/or reactants above the wafers through

multiple inlets. Showerhead gas injection structures are known in

the art. They can be made of stainless steel, for example. The

gap between the wafer and the showerhead structure can be, for

example, at least 5 mm, or at least 10 mm, or 5 mm to 20 mm, or

about 0 mm. Gas inlets different from showerhead structures can



be used if desired.

The reactor can be adapted so that the wafer and susceptor

device can be rotated if needed during deposition. They can also

be tilted if desired. See, for example, Figures 3 and 15.

METHODS OF MAKING

The susceptor device and larger reactor can be made by

methods known in the art. The material which the susceptor is

made of can be machined into the mushroom shape by methods

known in the art, and the wafer grooves can be taken into

consideration.

APPLICATIONS: METHODS OF USING

As known in the art, a variety of film materials can be

epitaxially grown on the wafers such as, for example, aluminum

nitride, silicon carbide, gallium nitride, gallium arsenide, indium

gallium arsenide, aluminum gallium arsenide, and the like.

The deposition temperature can be, for example, at least

1,500°C or at least 1,700°C. The upper limit can be, for example,

3,000°C or the melting point of tungsten.

The quality of the materials can be improved by use of the

inventive devices, apparatuses, and methods.



WHAT IS CLAIMED IS:

1. A susceptor device for a chemical vapor deposition (CVD)

reactor comprising:

at least one horizontal plate which is adapted for holding at

least one wafer;

at least one vertical rod integrated with and perpendicular to

the horizontal plate;

wherein the susceptor device is adapted for induction

heating.

2. The susceptor device of claim 1, wherein the susceptor device

is free of a resistive heater.

3. A susceptor device of claim 1, wherein the susceptor device

comprises two or more vertical rods integrated with and

perpendicular to the horizontal plate.

4 . A susceptor device of claim 1, wherein the vertical rod functions

as a heat source for the horizontal plate.

5 . A suspector of claim 1, wherein the susceptor is adapted so it

can be rotated during the CVD process.

6. A CVD apparatus comprising the susceptor device of claim .



7. The CVD apparatus of claim 6 , the apparatus further comprising

a thermal insulation structure which at least partially surrounds the

susceptor.

8. The CVD apparatus of claim 6 , wherein the apparatus further

comprises a showerhead injection structure.

9. The CVD apparatus of claim 6 , wherein the apparatus

comprises at least one induction coil and at least one reaction

chamber, and the induction coil is installed inside the reaction

chamber.

10. A method of using the CVD apparatus of claim 6 , wherein the

CVD is carried out at a susceptor surface temperature of at least

1500°C.
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