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DESCRIPTION

TITLE OF INVENTION : SILICON SINGLE CRYSTAL SUBSTRATE

FOR VAPOR PHASE GROWTH, VAPOR PHASE GROWTH SUBSTRATE AND

METHODS FOR PRODUCING THEM

TECHNICAL FIELD

[0001]

The present invention relates to a silicon single

crystal substrate for vapor phase growth, a vapor phase

growth substrate, and methods for producing them.

BACKGROUND ART

[0002]

High frequency devices are being developed to

integrate devices such as antennas, amplifiers, switches,

and filters in order to reduce the size and cost.

Further, as the frequency becomes higher, the circuit

becomes more complicated, and the materials of the

devices used are various such as silicon CMOS, devices

using III-V semiconductors and nitride semiconductors,

and filters using piezoelectric materials.

[0003]

As a substrate used as the base of these devices,

it is considered that a silicon single crystal substrate,

which is inexpensive and has a large diameter wafer on

the market, is suitable. In particular, as the substrate

for the high frequency devices, a silicon single crystal

substrate (also referred to as “FZ substrate”) made of

FZ crystals produced by the FZ (Floating-Zone) method,

which has high resistivity and shows little change in

resistivity due to thermal donor, is considered suitable.

[0004]
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However, the high resistivity FZ substrate has

poor mechanical properties as compared with a low

resistivity CZ substrate, and has a problem that plastic

deformation is likely to occur due to the propagation of

dislocations. In particular, in the growth of GaN on a

silicon single crystal substrate, since the stress due

to the difference in lattice constant and the difference

in thermal expansion coefficient tends to cause an

increase in warpage and plastic deformation, stress

reduction is performed by the growth conditions and the

relaxation layer.

[0005]

For example, in Patent Document 1, stress

relaxation is performed by using an intermediate layer

of gallium nitride based compound semiconductors that

are periodically laminated a plurality of layers, and a

wafer having small warpage and cracks is produced.

CITATION LIST

PATENT LITERATURE

[0006]

Patent Document 1: JP 2012-79952 A

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007]

However, in the technique described in Patent

Document 1, there is a concern that the growth time

becomes long and the degree of freedom in design is

reduced by producing a complicated intermediate layer.

[0008]

Further, particularly in high frequency devices,

it is necessary to reduce the parasitic capacitance of
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the device, its supporting substrate, and peripheral

packages in order to improve the high frequency

characteristics. In order to reduce the parasitic

capacitance, if a high resistivity FZ silicon single

crystal substrate that does not generate thermal donor

is used as a support substrate or a package, it is

considered that the characteristics are improved and

there is a merit in terms of cost.

[0009]

On the other hand, the device manufacturing

process includes steps such as epitaxial growth on a

substrate, heat treatment, and bonding, and in the

process, stress is generated in the substrate due to the

difference in lattice constant and the difference in

thermal expansion coefficient between different

materials. However, the FZ substrate has a demerit that

the Young's modulus at the time of first dislocation

generation is low and plastic deformation is likely to

occur as compared with a normal low resistivity CZ

substrate. When plastic deformation occurs, the wafer is

greatly distorted and its shape cannot be restored,

which may cause warpage abnormality or bonding failure.

[0010]

It is conceivable to increase the nitrogen

concentration of the FZ substrate to improve the

mechanical properties, but there has been a problem that

it is difficult to obtain a single crystal with a high

nitrogen concentration in the bulk in the production of

a silicon single crystal by the FZ method, and the yield

is low.

[0011]

The present invention has been made to solve the

above problems, it is an object of the present invention
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to provide a silicon single crystal substrate for vapor

phase growth, which is difficult to be plastically

deformed, a vapor phase growth substrate with the

plastic deformation suppressed and methods for producing

them in order to suppress the occurrence of warpage

abnormality and bonding failure.

SOLUTION TO PROBLEM

[0012]

The present invention has been made to achieve the

above object, and provides a silicon single crystal

substrate for vapor phase growth, comprising the silicon

single crystal substrate being made of an FZ crystal

having a resistivity of 1000 Ωcm or more, wherein the 

surface of the silicon single crystal substrate is

provided with a high nitrogen concentration layer having

a nitrogen concentration higher than that of other

regions and a nitrogen concentration of 5 × 1015

atoms/cm3 or more and a thickness of 10 to 100 μm. 

[0013]

A silicon single crystal substrate for vapor phase

growth composed of such a high resistivity FZ crystal is

suitable for a substrate for high frequency devices

because the parasitic capacitance is reduced. Since it

contains a high concentration of nitrogen at the surface

of the substrate, it has excellent mechanical properties.

When forming a vapor phase growth layer of a

semiconductor single crystal, plastic deformation is

unlikely to occur, and the occurrence of warpage

abnormality and bonding failure is suppressed.

[0014]

At this time, a vapor phase growth substrate can

be the silicon single crystal substrate having a vapor
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phase growth layer of a semiconductor single crystal on

it.

[0015]

Such a vapor phase growth substrate is suitable

for high frequency devices, and since the surface of the

substrate for vapor phase growth contains a high

concentration of nitrogen, plastic deformation is

suppressed, and occurrence of warpage abnormality and

bonding failure is suppressed.

[0016]

At this time, the vapor phase growth substrate can

have a vapor phase growth layer of the semiconductor

single crystal containing a nitride semiconductor.

[0017]

This makes the substrate more suitable for high

frequency devices. Further, in particular, the effect of

the present invention is remarkable in a vapor phase

growth substrate in which a nitride semiconductor such

as GaN is formed on a silicon single crystal substrate,

which is prone to increase in warpage and plastic

deformation due to stress due to a difference in lattice

constant and a difference in thermal expansion

coefficient.

[0018]

The present invention also provides a method for

producing a silicon single crystal substrate for vapor

phase growth, wherein a silicon single crystal substrate

having a resistivity of 1000 Ωcm or more manufactured by 

the FZ method is subjected to RTA treatment in a

nitrogen-containing gas atmosphere, to form a high

nitrogen concentration layer having a nitrogen

concentration higher than that of other regions and a

nitrogen concentration of 5 × 1015 atoms/cm3 or more and
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a thickness of 10 to 100 μm at the surface of the 

silicon single crystal substrate.

[0019]

According to such a method for producing a

substrate for vapor phase growth, the substrate for

vapor phase growth, that is suitable for a substrate for

a high frequency device, has excellent mechanical

properties due to the surface of a silicon single

crystal substrate for vapor phase growth contains a high

concentration of nitrogen, and the substrate for vapor

phase growth is resistant to plastic deformation when

forming a vapor phase growth layer of a semiconductor

single crystal and can suppress the occurrence of

warpage abnormality and bonding failure, can be produced

easily.

[0020]

At this time, it can be a method for producing a

vapor phase growth substrate, in which a semiconductor

single crystal layer is vapor phase deposited on the

substrate for vapor phase growth produced by the above

mentioned method for producing a substrate for vapor

phase growth.

[0021]

This makes it possible to easily produce a vapor

phase growth substrate in which warpage and plastic

deformation are suppressed.

[0022]

At this time, it can be the method for producing a

vapor phase growth substrate in which the semiconductor

single crystal layer contains a nitride semiconductor.

[0023]

This makes it possible to easily produce a vapor

phase growth substrate in which warpage and plastic
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deformation are suppressed, which is extremely suitable

for producing a high frequency device.

ADVANTAGEOUS EFFECTS OF INVENTION

[0024]

As described above, according to the silicon

single crystal substrate for vapor phase growth of the

present invention, it is suitable for a substrate for

high frequency devices because the parasitic capacitance

is reduced, and has excellent mechanical properties, and

when the vapor phase growth layer of a semiconductor

single crystal is formed, it is difficult to be

plastically deformed, and it is possible to suppress the

occurrence of abnormal warpage and bonding failure.

Further, according to the method for producing a silicon

single crystal substrate for vapor phase growth of the

present invention, that is suitable for a substrate for

a high frequency device, and the substrate for vapor

phase growth is resistant to plastic deformation when

forming a vapor phase growth layer of a semiconductor

single crystal and can suppress the occurrence of

warpage abnormality and bonding failure, can be produced

easily.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

FIG. 1 shows a conceptual diagram of a silicon single

crystal substrate for vapor phase growth according to

the present invention.

FIG. 2 shows a conceptual diagram of a vapor phase

growth substrate according to the present invention.

FIG. 3 shows a conceptual diagram of another example

(HEMT) of a vapor phase growth substrate according to
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the present invention.

FIG. 4 shows a comparison of the curvatures of the

epitaxial substrates according to Examples 1 and 2 and

Comparative Examples 1 and 2 at which plastic

deformation starts.

DESCRIPTION OF EMBODIMENTS

[0026]

Hereinafter, the present invention will be

described in detail, but the present invention is not

limited thereto.

[0027]

As described above, in order to suppress the

occurrence of warpage abnormality and bonding failure, a

silicon single crystal substrate for vapor phase growth

that is hard to be plastically deformed has been

required.

[0028]

As a result of diligent studies on the above

problems, the inventors of the present invention have

found that a silicon single crystal substrate for vapor

phase growth, comprising the silicon single crystal

substrate being made of an FZ crystal having a

resistivity of 1000 Ωcm or more, wherein the surface of 

the silicon single crystal substrate is provided with a

high nitrogen concentration layer having a nitrogen

concentration higher than that of other regions and a

nitrogen concentration of 5 × 1015 atoms/cm3 or more and

a thickness of 10 to 100 μm, is suitable for substrates 

for high frequency devices since the substrate reduces

parasitic capacitance, and because the surface of the

substrate contains a high concentration of nitrogen, it

has excellent mechanical properties when a vapor phase
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growth layer of semiconductor single crystals is formed,

plastic deformation is unlikely to occur, and the

occurrence of warpage abnormality and bonding failure is

suppressed and completed the present invention.

[0029]

The inventors of the present invention also have

found that a method for producing a silicon single

crystal substrate for vapor phase growth, wherein a

silicon single crystal substrate having a resistivity of

1000 Ωcm or more manufactured by the FZ method is 

subjected to RTA treatment in a nitrogen-containing gas

atmosphere, to form a high nitrogen concentration layer

having a nitrogen concentration higher than that of

other regions and a nitrogen concentration of 5 × 1015

atoms/cm3 or more and a thickness of 10 to 100 μm at the 

surface of the silicon single crystal substrate, that is

suitable for a substrate for a high frequency device,

and the surface of the silicon single crystal substrate

for vapor phase growth contains a high concentration of

nitrogen, it has excellent mechanical properties, when a

vapor phase growth layer of semiconductor single

crystals is formed, it is resistant to plastic

deformation and it can suppress the occurrence of

warpage abnormality and bonding failure, can be produced

easily and completed the present invention.

[0030]

Hereinafter, an embodiment of a silicon single

crystal substrate for vapor phase growth, a vapor phase

growth substrate, and methods for producing them

according to the present invention will be described

with reference to FIGS. 1 to 3.

[0031]

(Silicon single crystal substrate for vapor phase
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growth)

FIG. 1 shows a conceptual diagram of a silicon

single crystal substrate for vapor phase growth

according to the present invention. As the silicon

single crystal substrate 10 for vapor phase growth

according to the present invention, in order to reduce

the leakage current through the substrate, a single

crystal ingot manufactured by the FZ method, which is

less affected by the thermal donor, is sliced into a

wafer shape, and a silicon single crystal substrate

composed of a FZ crystal and having a resistivity of

1000 Ωcm or more is used. Here, the upper limit of the 

resistivity of the silicon single crystal substrate is

not particularly limited, but may be, for example, 10

kΩcm or less. Further, the silicon single crystal 

substrate 10 for vapor phase growth according to the

present invention has a high nitrogen concentration

layer 1 at the front surface, which has higher nitrogen

concentration than that of other regions (bulk or back

surface), and the nitrogen concentration is 5 × 1015

atoms/cm3 or more, and the thickness of the high

nitrogen concentration layer 1 is 10 to 100 μm. The 

upper limit of the nitrogen concentration of the high

nitrogen concentration layer 1 can be 5 × 1016 atoms/cm3.

Further, a plurality of high nitrogen concentration

layers 1 may be formed by changing the concentration. A

trap-rich layer that degrades the carrier lifetime may

be formed on the surface of the silicon single crystal

substrate 10.

[0032]

(Vapor phase growth substrate)

FIG. 2 shows a conceptual diagram of a vapor phase

growth substrate according to the present invention. The
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vapor phase growth substrate 20 according to the present

invention has the vapor phase growth layer 2 of the

semiconductor single crystal on the high nitrogen

concentration layer 1 of the silicon single crystal

substrate 10. The vapor phase growth layer 2 is formed

by vapor phase growth such as a thermal CVD method, a

MOVPE method, an MBE method, a vacuum vapor deposition

method, and a sputtering method, and functions as a

device layer, for example.

[0033]

The composition, film thickness, or the like of

the vapor phase growth layer 2 of the semiconductor

single crystal are not particularly limited. For example,

silicon thin film, silicon carbide, and nitride (group

III-V) semiconductors such as GaN, AlN, InN, AlGaN,

InGaN, AlInN, and AlScN can be used. The film thickness

can be, for example, 1 to 10 μm, and can be designed 

according to the device.

[0034]

Further, as shown in FIG. 2, an intermediate layer

3 may be provided. The intermediate layer 3 functions as

a buffer layer inserted for improving the crystallinity

of the device layer and controlling the stress. The

intermediate layer 3 may be omitted when there is no

need to improve stress or crystallinity, such as silicon

homo-epitaxial. On the other hand, due to the

configuration of a device such as a high frequency

filter, it may be made of a metal that can be used as a

sacrificial layer for creating a spacer or an electrode.

[0035]

FIG. 3 shows a conceptual diagram of another

example of a vapor phase growth substrate 30 according

to the present invention. For example, in the high
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mobility transistor (HEMT) structure shown in FIG. 3,

the vapor phase growth layer 2 that functions as a

device layer is composed of a gallium nitride 2a and an

electron supply layer 2b made of AlGaN formed on the

gallium nitride 2a. The vapor phase growth layer 2 is

preferably a crystal having few crystal defects and few

impurities such as carbon and oxygen in order to improve

device characteristics.

[0036]

Gallium nitride has a lattice constant difference

of 17% and a thermal expansion coefficient difference of

116% from that of a silicon (111) single crystal, and

stress is applied to a thin film or a substrate during

the growth at a high temperature. Further, since the

wafer is usually heated to 1000 °C or higher during the

growth, when the wafer is stressed, it does not break

brittlely and exhibits ductility, causing dislocations

and plastic deformation.

[0037]

The silicon single crystal substrate according to

the present invention is suitable as a substrate for

high frequency devices because the parasitic capacitance

is reduced. Further, since the surface of the substrate

contains a high concentration of nitrogen, it has

excellent mechanical properties. Therefore, when forming

a vapor phase growth layer of a semiconductor single

crystal, it is possible to prevent the propagation of

dislocations of the silicon single crystal substrate and

prevent plastic deformation. Then, by preventing the

plastic deformation, it is possible to reduce the warp

abnormality and improve the yield. In addition, since

the substrate can withstand stress, the film thickness

of the vapor phase growth layer can be increased, and
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the degree of freedom in device design is improved.

[0038]

(Method for producing a silicon single crystal substrate

for vapor phase growth)

In the silicon single crystal substrate 10 for

vapor phase growth as described above, first, a silicon

single crystal ingot having a resistivity of 1000 Ωcm or 

more is manufactured by the FZ method, and the ingot is

sliced into wafers to form a silicon single crystal

substrate. The substrate is produced by a method of

injecting nitrogen by performing RTA (Rapid Thermal

Annealing) treatment in a nitrogen-containing gas

atmosphere such as ammonia gas. The conditions for the

RTA treatment are not particularly limited, and may be

any conditions as long as the nitrogen concentration and

thickness of the high nitrogen concentration layer 1 are

within the above ranges.

[0039]

When the above treatment is performed, a silicon

nitride layer by RTA treatment is formed on the high

nitrogen concentration layer 1, and this silicon nitride

layer can be removed by etching or polishing. In the

next step, it is essential to remove the nitride layer

by etching or polishing on the side where the

intermediate layer or the vapor phase growth layer of

the semiconductor single crystal is formed, but the

silicon nitride layer may remain on the back surface and

the edge surface, or it may be removed. Further, when

the trap-rich layer is formed, the method for forming

the trap-rich layer is not particularly limited, but it

can be formed by ion implantation or irradiation with

ionizing radiation such as electron beam, X-ray, and γ-

ray.
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[0040]

(Method for producing a vapor phase growth substrate)

The vapor phase growth substrate 20 according to

the present invention can be produced by performing

vapor phase growth, such as thermal CVD method, MOVPE

method, MBE method, vacuum vapor deposition method, and

sputtering method, a semiconductor single crystal vapor

phase growth layer 2 on the high nitrogen concentration

layer 1 of the silicon single crystal substrate 10 via

an intermediate layer 3 if necessary. In the above-

mentioned HEMT example, when GaN or AlGaN is formed as

the vapor phase growth layer 2, it can be produced at a

growth temperature of 900 °C to 1350 °C by using, for

example, the MOVPE method. These vapor phase growth

conditions may be carried out under generally used

conditions.

EXAMPLE

[0041]

Hereinafter, the present invention will be

specifically described with reference to examples, but

this does not limit the present invention.

[0042]

First, two types of wafers, which were silicon

single crystal substrates composed of FZ crystals having

a diameter of 6 inches (150 mm), a plane orientation

(111), and a resistivity of 1000 Ωcm or more, and having 

different nitrogen concentrations, were prepared. As a

result of analyzing each nitrogen concentration by FT-IR

and SIMS measurement, the substrate having a low

nitrogen concentration was 3.0 × 1014 atoms/cm3, and the

substrate having a high nitrogen concentration was 2.0 ×

1015 atoms/cm3.

[0043]
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(Example 1)

A silicon single crystal substrate having a

nitrogen concentration of 3.0 × 1014 atoms/cm3 was used,

and nitrogen was injected into the surface layer by heat

treatment by the RTA method. The RTA treatment

conditions were 1250 °C and 10 sec in an NH3 and Ar

atmosphere, and a high nitrogen concentration layer

having a nitrogen concentration of 5 × 1015 /cm3 and a

thickness of 38 μm was formed at the surface layer of 

the silicon single crystal substrate. After the RTA

treatment, the silicon nitride film was removed by HF

cleaning. Then, GaN, as a nitride semiconductor, was

epitaxially grown by the MOVPE method. An epitaxial

layer having a total film thickness of 4.5 μm was grown 

at a growth temperature of 1000 to 1200 °C. For

epitaxial growth, the growth substrates prepared in each

of Example 1, Example 2 and Comparative Examples 1 and 2

described below were carried out in the same MOVPE

furnace.

[0044]

(Example 2)

An epitaxial layer of GaN, as a nitride

semiconductor, was formed in the same manner as in

Example 1 except that a silicon single crystal substrate

having a nitrogen concentration of 2.0 × 1015 atoms/cm3

was used.

[0045]

(Comparative Example 1)

Using the same silicon single crystal substrate as

in Example 1, an epitaxial layer was formed without

performing RTA treatment (without forming a high

nitrogen concentration layer).

[0046]
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(Comparative Example 2)

Using the same silicon single crystal substrate as

in Example 2, an epitaxial layer was formed without

performing RTA treatment (without forming a high

nitrogen concentration layer).

[0047]

(Evaluation)

For the vapor phase growth substrates of Examples

1 and 2 and Comparative Examples 1 and 2 in which the

epitaxial layer was formed as described above, the

curvatures at which plastic deformation started were

compared. For this evaluation, EpiCurve TT manufactured

by LAYTEC was used as a measuring device, and the

curvature of the wafer during the growth was measured by

incident two laser beams in parallel into the chamber

and changing the position of the reflected laser spot.

[0048]

The results are shown in FIG. 4. As shown in FIG.

4, it was found that regardless of the nitrogen

concentration in the bulk, by performing the RTA

treatment to form a high nitrogen concentration layer,

the curvature at which plastic deformation started

during the vapor phase growth of the semiconductor

single crystal layer became large and the yield stress

became large. In particular, a large improvement was

seen in the samples with low bulk nitrogen concentration.

[0049]

The present invention is not limited to the above

embodiment. The above-described embodiment is an example,

and any examples having substantially the same structure

and having the same effect as the technical idea

described in the claims of the present invention are

included in the technical scope of the present invention.
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CLAIMS

1. A silicon single crystal substrate for vapor phase

growth,

comprising the silicon single crystal substrate

being made of an FZ crystal having a resistivity of 1000

Ωcm or more, 

wherein the surface of the silicon single crystal

substrate is provided with a high nitrogen concentration

layer having a nitrogen concentration higher than that

of other regions and a nitrogen concentration of 5 ×

1015 atoms/cm3 or more and a thickness of 10 to 100 μm. 

2. A vapor phase growth substrate, wherein a vapor

phase growth layer of a semiconductor single crystal is

provided on the silicon single crystal substrate

according to claim 1.

3. The vapor phase growth substrate according to

claim 2, wherein the vapor phase growth layer of the

semiconductor single crystal contains a nitride

semiconductor.

4. A method for producing a silicon single crystal

substrate for vapor phase growth,

wherein a silicon single crystal substrate having

a resistivity of 1000 Ωcm or more manufactured by the FZ 

method is subjected to RTA treatment in a nitrogen-

containing gas atmosphere, to form a high nitrogen

concentration layer having a nitrogen concentration

higher than that of other regions and a nitrogen

concentration of 5 × 1015 atoms/cm3 or more and a

thickness of 10 to 100 μm at the surface of the silicon 
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single crystal substrate.

5. A method for producing a vapor phase growth

substrate, which comprises growing a semiconductor

single crystal layer in vapor phase on the substrate for

vapor phase growth produced by the method for producing

a substrate for vapor phase growth according to claim 4.

6. The method for producing a vapor phase growth

substrate according to claim 5, wherein the

semiconductor single crystal layer contains a nitride

semiconductor.


