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METHOD OF MANUFACTURING SEMICONDUCTOR WAFER 

METHOD OF USING AND UTILIZING THE SAME 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

This invention relates to a process for 

manufacturing a semiconductor wafer and also to a 

process for using and utilizing such a semiconductor 

wafer. 

10 More particularly, the present invention relates 

to a process for manufacturing a semiconductor wafer 

that can be used for producing a semiconductor device 

such as a microprocessor, a memory, a logic circuit, a 

system LSI, a solar battery, an image sensor, a light 

15 emitting device or a display device, as a monitor wafer 

such as a film thickness monitor to be used for forming 

a film, an etching depth monitor to be used for an 

etching operation or a particle monitor to be used for 

detecting and counting foreign particles or as a dummy 

20 wafer to be used in a processing system in order to 

regulate various processing conditions for film 

formation, heat treatment, doping or etching. It also 

relates to a method of using and utilizing such a 

semiconductor wafer. Specifically, the present 

25 invention is adapted to manufacture semiconductor 

wafers of different types that can be used and utilized 

in different applications. 
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Related Background Art 

Semiconductor wafers having layers of various 

semiconductor materials such as Si, GaAs, InP and GaN 

are known. Particularly, SOI wafers comprising a 

5 support substrate having an insulating surface and a 

semiconductor layer formed thereon are attracting 

attention as they are highly adapted to preparing 

semiconductor devices that operate at high speed with a 

low power consumption. For the purpose of this 

10 invention, an SOI wafer refers to a wafer carrying a 

semiconductor on an insulator, which may not 

necessarily be a wafer carrying silicon on an 

insulator. 

Known SOI wafers include SIMOX wafers prepared 

15 through oxygen ion implantation and heat treatment and 

bonded wafers such as those described in Japanese 

Patent Application Laid-Open No. 5-211128, U.S. Patent 

No. 5,374,564 and Japanese Patent Application Laid-Open 

No. 10-200080 and prepared through hydrogen ion 

20 implantation and peeling as well as the one described 

in International Patent Publication W098/52216 and 

prepared through plasma immersion ion implantation 

(PIII). Japanese Patent Application Laid-Open No. 

2608351 and U.S. Patent No. 5,371,037 describe 

25 respective methods of preparing a high quality SOI 

wafer by transferring an epitaxial layer on a separate 

support substrate. 

Japanese Patent Application Laid-Open No. 7-302889 



- 3 -

(U.S. Patent No. 5,856,229) proposes an improved method 

for transferring an epitaxial layer. 

FIGS. 17A through 17E schematically illustrate 

the known method for transferring an epitaxial layer. 

5 Firstly, as shown in FIG. 17A, a semiconductor 

10 

wafer that is an Si wafer (which may be referred to as 

prime wafer, bond wafer, device wafer or seed wafer) is 

brought in and the surf ace anodized to produce a porous 

layer 4 on the surface. 

Then, as shown in FIG. 17B, a non-porous 

monocrystalline semiconductor layer 5 is formed on the 

porous layer 4 by epitaxial growth, typically using a 

CVD technique. 

Thereafter, as shown in FIG. 17C, the surface of 

15 the epitaxial layer (non-porous monocrystalline 

semiconductor layer) is oxidized to produce an 

insulating layer 6. Then, said insulating layer 6 is 

brought to contact with and bonded to the surface of 

another semiconductor wafer 2 (or a piece of quartz 

20 glass). Thus, a multilayer structure containing the 

epitaxial layer 5 in the inside is prepared. 

Then, as shown in FIG. 17D, the multilayer 

structure is subjected to external force or internal 

stress typically by inserting a wedge into a lateral 

25 side thereof or heating the multilayer structure in 

order to split it along the porous layer (reference 

numerals 41 and 42 in FIG. 17D shows the split porous 
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layer). 

Then, the porous layer 4B remaining on the surface 

of the epitaxial layer 5 that has been transferred to 

the second semiconductor wafer 2 (also referred to as 

5 handle wafer or base wafer) is removed by wet etching, 

using a mixture solution of hydrofluoric acid and 

hydrogen peroxide. Then, as shown in FIG. 17E, the 

exposed epitaxial layer is smoothed typically by 

hydrogen annealing to produce a finished SOI that has 

10 remarkable characteristics. 

On the other hand, the separated Si wafer still 

maintains the profile of a thin disk. Therefore, it 

can be used as Si wafer 1 for preparing another SOI 

wafer as shown in FIG. 17A for another time after 

15 removing the porous layer remaining on the cleaved side 

thereof also by wet etching, using the same solution. 

Alternatively, it may be used as semiconductor wafer 2 

for preparing another SOI wafer as shown in FIG. 17B. 

As described above, Japanese Patent Application 

20 Laid-Open No. 7-302889 discloses a method of reusing a 

peeled Si wafer as Si wafer 1 as shown in FIG. 17A or 

as semiconductor wafer 2 as shown in FIG. 17B. 

However, the above described method is accompanied 

by several problems to be dissolved. 

25 For instance, when an Si wafer is repeatedly 

reused as the first wafer, it gradually loses its 

thickness because its surface layer is turned into a 
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porous layer for another time and the produced porous 

layer is subsequently removed. Therefore, each reuse 

of such an Si wafer may require a cumbersome process of 

adjusting the conditions under which it is reused by 

5 forming a porous layer on the surface to cons~quently 

reduce its thickness further. Additionally, if a 

multilayer structure is produced, it can be sensitively 

affected by the thickness of the first wafer and those 

of other layers to become swerved under certain 

10 conditions. Thus, it is highly important to rigorously 

control the thickness of the first wafer. 

Additionally, the damage to the Si wafer that 

occurred in the separating step may adversely affect 

the subsequent steps including that of producing a 

15 porous layer to make it no longer usable for 

manufacturing SOI wafers having the same and identical 

characteristics. 

Still additionally, the process of manufacturing 

SOI wafers is far more complex than that of 

20 manufacturing bulk wafers and hence the yield of 

manufacturing SOI wafers is normally rather low. In 

other words, if the reusable first wafer is actually 

reused as the first or second wafer for preparing 

another SOI wafer, it may not satisfactorily be used on 

25 a commercial basis from the viewpoint of attaining a 

necessary quality level. 

While the above known method of reusing an Si 
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wafer is intended to reuse the first wafer that is 

recovered after the process of manufacturing an SOI 

wafer for manufacturing another SOI wafer of the same 

quality, the Si wafer is normally short of meeting the 

5 requirements of a commercially feasible wafer of the 

type under consideration. 

10 

Then, such an Si wafer may have no value from the 

viewpoint of reducing waste and exploiting limited 

resources in the industry of the near future. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 

process for manufacturing a semiconductor wafer which 

has superior suitability for mass production and 

15 reproducibility. 

It is another object of the present invention to 

provide a process for manufacturing a semiconductor 

wafer which improves economic efficiency and provides 

SOI wafers having excellent quality without decreasing 

20 the number of wafers on the market. 

A process for manufacturing a semiconductor wafer 

according to the present invention comprises the steps 

of: 

preparing a first member which has a semiconductor 

25 layer on a semiconductor substrate; 

transferring said semiconductor layer onto a 

second member after separating said semiconductor layer 



- 7 -

from said first member; and 

smoothing the surf ace of said semiconductor 

substrate after said transferring step so as to use 

said semiconductor substrate as a semiconductor wafer 

5 for purposes other than forming said first and second 

members. 

10 

Moreover, a process for manufacturing a 

semiconductor wafer according to the present invention 

comprises the steps of: 

preparing a first member which has a semiconductor 

layer on a semiconductor substrate with a separation 

layer arranged therebetween; 

transferring said semiconductor layer onto a 

second member after separating said semiconductor layer 
15 through said separation layer; and 

smoothing the surface of said semiconductor 

substrate after said transferring step so as to use 

said semiconductor substrate as a semiconductor wafer 

for purposes other than forming said first and second 
20 members. 

A process for manufacturing a semiconductor wafer 

according to the present invention comprises the steps 
of: 

preparing a first member which has a semiconductor 
25 layer on a p-type semiconductor substrate; 

separating said semiconductor layer from said 

first member to transfer the semiconductor layer onto a 
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second member, thereby forming a first semiconductor 

wafer; and 

conducting epitaxial growth of a low concentration 

p-type semiconductor layer on said p-type semiconductor 

5 substrate from which said semiconductor layer has been 

separated, said low concentration p-type semiconductor 

layer having an impurity concentration, which defines 

p-type conductivity, lower than that of said p-type 

semiconductor substrate. 

10 A process for manufacturing a semiconductor wafer 

according to the present invention comprises the steps 

of: 

preparing a first member which has a semiconductor 

layer on a p-type semiconductor substrate with a 

15 separation layer arranged therebetween; 

separating said semiconductor layer through said 

separation layer to transfer the semiconductor layer 

onto a second member, thereby forming a first 

semiconductor wafer; and 

20 conducting epitaxial growth of a low concentration 

p-type semiconductor layer on said p-type semiconductor 

substrate which has been separated through said 

separation layer, said low concentration p-type 

semiconductor layer having impurity concentration, 

25 which defines p-type conductivity, lower than that of 

said p-type semiconductor substrate. 

A process for manufacturing a semiconductor wafer 
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according to the present invention comprises the steps 

of: 

forming a separation layer within a p-type 

semiconductor substrate to form a first member which 

5 has a semiconductor layer on said separation layer; 

10 

separating said semiconductor layer through said 

separation layer to transfer the semiconductor layer 

onto a second member, thereby forming a first 

semiconductor wafer; and 

conducting epitaxial growth of a low concentration 

p-type semiconductor layer on said p-type semiconductor 

substrate which has been separated through said 

separation layer, said low concentration p-type 

semiconductor layer having impurity concentration, 

15 which defines p-type conductivity, lower than that of 

said p-type semiconductor substrate. 

A process for manufacturing a semiconductor wafer 

according to the present invention comprises steps of: 

preparing a first member which has a semiconductor 

20 layer on a p-type semiconductor substrate with a 

separation layer arranged therebetween; 

bonding said first member with a second member to 

form a multilayer structure; 

conducting heat-treatment of said multilayer 

25 structure under an oxidizing atmosphere 

separating said multilayer structure through said 

separation layer to transfer said semiconductor layer 
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onto a second member, thereby forming a first 

semiconductor wafer; and 

conducting epitaxial growth of a low concentration 

p-type semiconductor layer on said p-type semiconductor 

5 substrate which has been separated through said 

separation layer, said low concentration p-type 

semiconductor layer having impurity concentration, 

which defines p-type conductivity, lower than that of 

said p-type semiconductor substrate. 

10 A process for manufacturing a semiconductor wafer 

according to the present invention comprises the steps 

of: 

preparing a first member which has at least a 

first semiconductor layer comprising an epitaxial 

15 semiconductor layer having impurity concentration, 

which defines p-type conductivity, lower than that of a 

p-type semiconductor substrate, a separation layer, and 

a second semiconductor layer, arranged on said p-type 

semiconductor substrate in that order; and 

20 forming a first semiconductor wafer by 

transferring said second semiconductor layer onto said 

second member through the separation step of separating 

said second semiconductor layer through said separation 

layer, and forming a second semiconductor wafer by 

25 separating said p-type semiconductor substrate having 

said first semiconductor layer through said separation 

layer. 
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A process for manufacturing a semiconductor wafer 

according to the present invention comprises the steps 

of: 

forming at least a first semiconductor layer 

5 comprising an epitaxial semiconductor layer having 

impurity concentration, which defines p-type 

conductivity, lower than that of a p-type semiconductor 

substrate; and a second semiconductor layer comprising 

an epitaxial semiconductor layer having impurity 

10 concentration, which defines p-type conductivity, 

higher than that of said first semiconductor layer; 

arranged on said p-type semiconductor substrate in the 

order as mentioned; making said second semiconductor 

layer and part of said first semiconductor layer 

15 porous; and forming a third semiconductor layer onto 

said second semiconductor layer made porous; thereby 

forming a first member; and 

transferring said third semiconductor layer onto 

said second member to form a first semiconductor wafer, 

20 and forming a second semiconductor wafer comprising 

said p-type semiconductor substrate having said first 

semiconductor layer. 

A method for using a semiconductor wafer according 

to present invention is characterized by preparing a 

25 seed-wafer which has been used for manufacturing a 

bonded SOI substrate followed by conducting smoothing 

treatment on at least one surface of said seed-wafer so 



s 

- 12 -

as to be sold as a semiconductor wafer without being 

used for manufacturing the bonded SOI substrate again. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow chart showing a process for 

manufacturing 

a semiconductor wafer according to a fundamental 

embodiment of the present invention. 

FIG. 2 is a flow chart showing a process for 

10 manufacturing a semiconductor wafer according to 

another fundamental embodiment of the present 

invention. 

FIG. 3 is a flow chart showing a process for 

manufacturing a semiconductor wafer according to 

15 another fundamental embodiment of the present 

invention. 

FIGS. 4A, 4B, 4C, 4D, 4E, 4F and 4G are process 

diagrams showing a process for manufacturing a wafer 

according to a first embodiment of the present 

20 invention. 

25 

FIGS. SA, SB, SC, SD, SE, SF, 5G, SH and SI are 

process diagrams showing a process for manufacturing a 

wafer according to a second embodiment of the present 

invention. 

FIGS. 6A, 6B, 6C, 6D, 6E, 6F and 6G are process 

diagrams showing a process for manufacturing a wafer 

according to a fourth embodiment of the present 
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invention. 

FIGS. 7A, 7B, 7C, 7D, 7E, 7F, 7G, 7H and 7I are 

process diagrams showing a process for manufacturing a 

wafer according to a fifth embodiment of the present 

5 invention. 

10 

FIGS. 8A, BB, SC, SD, BE, BF and SG are process 

diagrams showing a process for manufacturing a wafer 

according to a seventh embodiment of the present 

invention. 

FIGS. 9A, 9B, 9C, 9D, 9E, 9F and 9G are process 

diagrams showing a process for manufacturing a wafer 

according to an eighth embodiment of the present 

invention. 

FIG. 10 is an explanatory diagram showing an 

15 example of a manufacturing system. 

FIG. 11 is an explanatory diagram showing another 

example of a manufacturing system. 

FIG. 12 is a flow chart of an inspection process 

for determining use to which a first wafer after 

20 separation is diverted. 

25 

FIG. 13 is an explanatory diagram showing an 

example of a manufacturing system. 

FIG. 14 is an explanatory diagram showing another 

example of a manufacturing system. 

FIGS. 15A, 15B, 15C, 15D, 15E, 15F, 15G and 15H 

are process diagrams showing a process for 

manufacturing a wafer of the present invention. 
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FIGS. 16A, 168, 16C and 16D are process diagrams 

showing a process for manufacturing a solar battery of 

the present invention. 

FIGS. 17A, 178, 17C, 17D and 17E are schematic 

5 diagrams showing a prior art process for transferring 

an epitaxial layer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a flow chart showing a process for 

10 manufacturing a semiconductor wafer according to a 

fundamental embodiment of the present invention. 

First, as shown in step Sl of FIG. 1, a 

semiconductor wafer is provided as a first wafer. As a 

semiconductor wafer, both an SOI wafer and a non-SOI 

15 wafer can be employed. In particular, non-SOI wafers 

such as a CZ wafer, an FZ wafer, an epitaxial wafer, 

and a hydrogen-annealed wafer are preferably employed. 

The CZ wafer and FZ wafer are wafers produced by the 

Czochralski process and floating zone process, 

20 respectively. 

Next, as in step S2, a separation layer is formed 

on the semiconductor wafer, and a first member having a 

monocrystalline semiconductor on a semiconductor 

substrate with a separation layer arranged therebetween 

25 is formed. There are two methods for forming the 

separation layer. One is a method for forming a porous 

layer, and then, forming a non-porous layer on its 

surface. The non-porous layer is formed by a method of 
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epitaxially growing it on the porous layer, and a 

method of conducting heat-treatment on the surface of 

the porous layer in a reducing atmosphere containing 

hydrogen or the like. The other is a method of 

5 injecting at least one ion of a hydrogen ion, a rare 

gas ion, and a nitrogen ion or the like into the first 

wafer, thereby forming a layer including fine voids 

(these fine voids include gas or the like called micro­

bubbles, which are also called micro-cavity) or a layer 

10 including potential fine voids that can be produced by 

subsequent heat treatment at a predetermined depth 

position from the surface of the first water. 

In any case, a monocrystalline semiconductor layer 

having its predetermined thickness on the surface of a 

15 semiconductor wafer is formed before forming the 

separation layer, and the separation layer may be 

formed within the layer. 

A layer on the semiconductor layer is selected 

from among a monocrystalline semiconductor layer, 

20 polycrystalline semiconductor layer, and an amorphous 

semiconductor layer or the like. Specifically, it 

includes Si, Ge, SiGe, SiC, C, GaAs, AlGaAs, InGaAs, 

InP, InAs or the like. Further, on the surface of 

these semiconductor layers, an insulating layer such as 

25 silicon oxide, silicon nitride, or silicon nitride 

oxide or the like may be formed by thermal oxidization, 

CVD, sputtering or the like. 

If a separation layer is not formed in advance, as 
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described later, a multilayer structure may be cut at a 

proper position after the structure has been formed. 

Alternatively, if an interface at which stress is 

produced is prepared, the structure will be separated 

5 at the interface. That is, the structure may be via 

the steps of Sl, S3, and S4. 

Then, in step S3, a portion being a support 

substrate (a second member) is formed on a 

semiconductor wafer having a separation layer formed 

10 thereon, and a multilayer structure is formed. There 

are two methods for forming a portion being this 

support substrate. One is a method of bonding an 

additionally provided second wafer on the first wafer 

having the separation layer formed thereon; and the 

15· other is a method of depositing a relatively thick 

material such as polycrystalline silicon on the first 

wafer, thereby forming a support substrate. As a 

second wafer, a wafer having the same structure as the 

first semiconductor substrate such as a CZ wafer, an FZ 

20 wafer, an epitaxial wafer, a hydrogen annealed wafer or 

the like can be employed. The first wafer may be 

bonded directly on the semiconductor surf ace of these 

wafers or may be bonded via an insulating layer and/or 

a bonding layer between these wafers. Alternatively, 

25 in place of the second wafer, an insulating transparent 

substrate such as quartz glass, plastics or the like, a 

conductive metal substrate such as flexible metal film, 
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aluminum, stainless steel or the like, or ceramics or 

the like can be employed, and the first wafer may be 

bonded directly or indirectly thereto via the 

insulating layer and/or the bonding layer. 

5 Then, in step S4, a multilayer structure is 

separated on the separation layer. There are two 

separation methods. One is a method of externally 

heating a multilayer structure, emitting light to the 

multilayer structure to absorbe light, thereby 

10 generating separation energy inside of the multilayer 

structure. Specifically, a layer including fine voids 

formed by implanting a hydrogen ion, a rare gas ion, a 

nitride ion or the like at a predetermined depth 

position of the first wafer or a layer including 

15 potential fine voids is subjected to thermal energy, 

whereby its density decreases with increasing the fine 

voids. In this manner, a release phenomenon of a 

multilayer structure occurs in the layer. This is a 

method of generating separation energy inside the 

20 multilayer structure. Alternatively, there may be a 

separation method of oxidizing the separation layer 

and/or its vicinity from the side by heating process 

and utilizing stress due to growth of oxide film or the 

like. The above heat energy is generated by heat 

25 treatment at 300°C to 800°C or preferably heat 

treatment at 400°C to 600°C. 

The other is a method of externally imparting 
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separation energy directly to a multilayer structure. 

Specifically, it includes a method of inserting a wedge 

into the side of the multilayer structure, thereby 

peeling the structure; a method of blowing a fluid 

5 consisting of liquid and/or gas on the side of the 

multilayer structure, thereby peeling the structure; a 

method of applying tensile force in opposite directions 

to the front and back surfaces of the multilayer 

structure with each other, thereby peeling the 

10 structure; a method of applying a pressing force in 

opposite directions to the front and back surfaces of 

the multilayer structure with each other, thereby 

destroying to peel a separation layer; a method of 

applying shear force to the side of the multilayer 

15 structure, thereby destroying the separation to peel 

the structure; a slicing method using an inner 

circumference blade or a wire saw; or a method of 

imparting ultrasonic wave vibration, thereby destroying 

the separation layer and the like. 

20 As for a fluid to be used, there can be used an 

organic solvent such as alcohol without using water; 

acid such as hydrofluoric acid and nitric acid; or 

alkali such as potassium hydroxide; and liquid having 

function of selectively etching the other separation 

25 area or the like. Further, as a fluid, gas such as 

air, nitrogen gas, carbonic acid gas, rare gas or the 

like may be employed. Gas or plasma capable of etching 
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action to the separation area can be employed. For use 

as jet flow, it is desirable to use water with its high 

purity such as pure water or ultra-pure water having 

impurity metal or particles removed therefrom. 

5 However, when the separation step is carried out in a 

completely low-temperature process, it is possible to 

perform rinsing and removal after water jet separation. 

Of course, the above mentioned various separation 

methods may be used in combination. 

10 The thus obtained wafer becomes a highly value-

added wafer such as an SOI wafer, and a semiconductor 

device is produced using the wafer. The produced 

semiconductor device has its superiority in low power 

consumption, and can be operated at high speed (step 

15 SS). 

On the other hand, the separated first wafer 

(semiconductor substrate) is employed as a non-SOI 

wafer with its surface being smoothed (smoothened) 

instead of being utilized as a first or second wafer 

20 again in the above step, and a general semiconductor 

device is provided by utilizing the wafer. 

Alternatively, this wafer can be used as a monitoring 

or dummy wafer (step S6). In addition, the wafer can 

be diverted for producing solar cells through a process 

25 disclosed in Japanese Patent Application Laid-Open Nos. 

8-213645, 10-233352, and 10-270361. 

For surface smoothing, at least one out of 
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polishing, grinding, etching, heat treatment or the 

like may be applied to the separated first wafer. In 

particular, a method of conducting heat treatment on 

the first wafer separated in a reducing atmosphere 

containing hydrogen (hydrogen annealing) is a more 

preferred method in that surf ace smoothing is made 

possible while a decrease in wafer thickness is 

suppressed, and at the same time, impurities such as 

boron contained in the wafer surface layer after 

10 separation are diffused outwardly, making it possible 

to lower the concentration of impurities. 

A temperature preferable for hydrogen annealing is 

above 300°C and below the melting point of a wafer­

consisting material. When this annealing is applied to 

15 a monocrystalline silicon wafer, the lower limit of the 

temperature is 800°C, more preferably 1000°c, and the 

upper limit of the temperature is the melting point of 

the silicon, more preferably 1400°C, or further 

preferably 1200°c. 

20 The pressure of a reducing atmosphere preferable 

to hydrogen annealing may be increased pressure, 

atmospheric pressure, or reduced pressure, it should be 

below the atmospheric pressure and 3.9 x 104 Pa or 

above, or it should be preferably below the atmospheric 

25 pressure and 1.3 Pa or more. 

The treatment time preferable to hydrogen 

annealing is not particularly limited, because it is 
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selected appropriately according to required 

properties. The realistic range is from about 1 minute 

to 10 hours. 

As a gas for providing a reducing atmosphere 

5 containing hydrogen, 100% hydrogen and a mixture gas of 

hydrogen and inert gas can be employed. 

A first wafer after peeling, which was obtained 

via such hydrogen annealing, is at the same level as 

that of a commercially available hydrogen-annealed 

10 wafer, which is preferable to produce a semiconductor 

device such as LSI. 

Smoothing due to polishing is a very superior 

method. Even if a surface failure occurs, the faulty 

surface can be almost removed by polishing it. Unlike 

15 surface polishing of the SOI layer, severe requirements 

are not applied to this polishing with respect to its 

uniformity. The polishing can be performed by a method 

similar to polishing of a general Si wafer, and is 

superior in mass productivity. However, the wafer 

20 thickness is decreased by polishing, and thus, hydrogen 

annealing is superior in this point of view. 

As a polishing method, chemical and mechanical 

polishing (CMP) is preferred. As a polishing agent for 

performing CMP, there can be employed silica glass 

25 (borosilicate glass), titanium dioxide, titanium 

nitride, aluminum oxide, iron nitrate, cerium oxide, 

colloidal silica, silicon nitride, silicon carbide, 
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graphite, polishing granule such as diamond, or a 

granule liquid having these granules and oxidizing 

agent such as H20 2 or KI03 or alkali solution such as 

NaOH, KOH or the like mixed therewith. 

Smoothing or smoothening steps can be omitted. Of 

course, in the case of polishing, mirror face polishing 

may be carried out or not only one side but also both 

sides may be mirror-face polished. 

In the present invention, when a P-type 

10 semiconductor wafer is employed as a first wafer in 

particular, as shown in FIG. 2, a first semiconductor 

wafer such as an SOI wafer is prepared (step S5) in 

separation step S4; the separated P-type semiconductor 

wafer is smoothed, a p- layer or an N layer and the like 

15 is epitaxially grown (step S6) on its surface; and then 

an epitaxial wafer having a p- layer or an N layer and 

the like formed on a P-type semiconductor wafer can be 

prepared (step S7). In particular, as a P-type 

semiconductor wafer, a high concentration P-type 

20 semiconductor wafer is preferably employed. This is 

because, as described later, in particular, the form of 

p- epitaxial/P+ substrate is the most widely employed 

among the currently employed wafer. Epitaxial growth 

treatment may be applied after the surface of the first 

25 wafer after peeling has been once smoothened. This 

epitaxial growth treatment can be applied after only 

rinsing after peeling without applying polishing, 
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etching, or heat treatment. 

When an epitaxial semiconductor layer is formed on 

a high condensed P-type semiconductor wafer as a first 

wafer, and is employed, as shown in FIG. 3, a first 

5 semiconductor wafer such as an SOI wafer is prepared 

(step SS) in separation step S4. In addition, an 

epitaxial semiconductor layer remains on the separated 

high concentration P-type semiconductor wafer depending 

on a separation position. Thus, an epitaxial wafer can 

10 be prepared without newly causing epitaxial growth 

{step S7). For example, an epitaxial wafer having p­

epitaxial layer is completed on the p• substrate. That 

is, an epitaxial semiconductor layer is formed in step 

Sl, on which a separation layer is formed. Thus, 

15 unlike FIG. 2, there is no need for providing a new 

epitaxial semiconductor layer in step S6. In 

particular, a p-- (or N-) type first semiconductor layer 

is formed on the high concentration P-type 

semiconductor wafer, on which a second semiconductor 

20 layer is further formed, and the separation position is 

preferably provided inside of the first semiconductor 

layer. The high concentration P type has a boron 

concentration of 1 x 1017 cm-3 to 1 x 1020 cm-3 and a 

specific resistance of 0.001 to 0.5 ohm•cm resistance. 

25 Making it porous for forming a separation layer is 

conditionally possible on a N-type semiconductor, and 
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however, it is desirable to employ a P-type 

semiconductor. Unagami et al. studied Si solution 

reaction in anodization, and concluded that positive 

pores were required in anodization in HF solution (T 

5 Unagami, J. Electrochem. Soc., vol. 127,476 (1980)). 

To make it porous, a high concentration P-type 

semiconductor wafer is preferably employed, and its 

impurities concentration range is generally from 5.0 x 

1016/cm3 to 5.0 x 1020/cm3
, preferably 1.0 x 1017/cm3 to 

10 2. 0 x 1020 /cm3
, and more preferably, 5. 0 x 1017 /cm3 to 1. 0 

x 1020 /cm3
• When a separation layer is formed by ion 

plantation, hydrogen, nitrogen, rare gas or the like 

(He, Ne, Ar or the like) is employed as an ion 

implantation species. At least one or more of them may 

15 be implanted. 

A temperature preferable to epitaxial growth is 

500°C or above and below the melting point of a wafer­

consisting material. When epitaxial growth is applied 

to a monocrystalline silicon wafer, the lower limit of 

20 temperature is 600°C, more preferably 800°C, and the 

upper limit of the temperature is the melting point of 

the silicon, more preferably 1400°C, and further 

preferably 1200°C. 

Epitaxial growth is carried out by CVD method or 

25 sputtering method, the preferable atmospheric pressure 

may be atmospheric pressure or reduced pressure, should 

be below atmospheric pressure and 3.9 x io-4 Pa or more, 
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or should be more preferably below atmospheric pressure 

and 1.3 Pa or above. 

The treatment time preferable to epitaxial growth 

is not limited in particular, because it is selected 

5 according to a required film thickness. The realistic 

range is from 10 seconds to 10 hours. 

As an atmospheric raw material gas for epitaxial 

growth, there is exemplified at least one gas selected 

from among silane or its analogous such as SIH4 , SiC13H, 

10 SiC12H2 , SiC14 , Si2H6 , SiF4 or the like. For the purpose 

of addition of impurities, acceptor-containing gas such 

as B2H6 , BF3 , BBr3 or donor-containing gas such as PH3 , 

AsH3 or the like may be added thereto. Further, 

hydrochloric acid, chlorine or the like may be added to 

15 the above or hydrogen or rare gas may be added. In 

general, hydrogen gas is employed as a carrier gas. 

As described above, in one embodiment of the 

present invention, an SOI wafer is fabricated using a p+ 

wafer preferable to make it porous as a first wafer, 

20 and an epitaxial layer is grown on the surface of the 

first wafer after peeling, and the epitaxial wafer is 

produced. The produced epitaxial wafer is preferable 

to produce integrated circuits such as memory, logic 

circuit, analog signal processing circuit, and analog-

25 digital hybrid circuit or semiconductor functional 

elements such as CCD, solar cells or the like. In a 

single manufacturing process, both of the SOI wafer and 
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epitaxial wafer can be manufactured, and comprehensive 

material cost can be reduced. 

Hereinafter, an epitaxial wafer will be described. 

In low power consumption and high-speed LSI 

5 technology (Realize Co., Ltd., P. 479 to P. 483), as 

one of the substrate structures for reducing a digital 

noise, a p- epitaxial layer/P+ substrate is exemplified. 

According to Section 5-1, Silicon Science (UCS 

Semiconductor Substrate Technical Study Society, 

10 Reali_ze Co., Ltd.), when a MOS LSI is manufactured on 

an epitaxial wafer, most of the MOS LSI is employed in 

the P-type epitaxial/P+ substrate structure. Thus, the 

most important factor for which the epitaxial wafer is 

employed is that a software error and a latch-up can be 

15 improved. In addition, in Section 5.4, the epitaxial 

wafer of the P-type epitaxial/P+ substrate has its TDDB 

characteristics better than the CZ bulk Si wafer in 

insulation breakage characteristics of the MOS­

structured oxide film, and there is a strong getting 

20 effect due to the region high in boron concentration in 

the substrate. 

In this section, the price of an epitaxial wafer 

is discussed. If the aperture of the wafer becomes 
large, the difference in price between the epitaxial 

25 wafer and the CZSi wafer becomes small. For a gigabit 

age, an ultra-high quality Si crystal is required. 

Further, there comes an age in which a large amount of 
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epitaxial wafers are used for highly integrated MOS LSI 

such as DRAM due to an increase in price ratio (against 

epitaxial wafer price) of the CZ crystal which has a 

larger diameter. 

In the present invention, when a porous layer is 

formed as a separation layer, a high concentration p· 

wafer is desirably employed. When the separated high 

concentration p· wafer (semiconductor substrate) is 

utilized or diverted as a p--epitaxial substrate without 

10 discarding it, one high-quality SOI wafer and one 

epitaxial wafer can be manufactured from these two 

~afers. In additi~n, as a wafer for manufacturing an 

SOI wafer, a new wafer can be always employed, and 

thus, the SOI wafer manufacturing efficiency can be 

15 increased. Therefore, a commercially advantageous 

semiconductor production system can be constructed for 

mass-consumption of the above mentioned epitaxial 

wafer. 

When p- wafer is employed as a first wafer, a wafer 

20 preferable to produce the above mentioned integrated 

circuit or semiconductor functional element is formed 

merely by smoothing the surface without applying 

epitaxial growth treatment. Of course, when a higher 

quality layer is required for producing such integrated 

25 circuit or semiconductor functional element, an 

epitaxial layer may be further formed on the smoothed 

surface. When the separated first wafer (semiconductor 
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substrate) is utilized or diverted, the price of this 

wafer is almost equal to or more inexpensive than the 

initial wafer. Further, if the wafer is highly value­

added, it can be sold at a higher price, and thus, a 

5 commercially advantageous semiconductor production 

system can be constructed. 

Hereinafter, preferred embodiments of the present 

invention will be described in more detail with 

reference to the accompanying drawings. 

10 (Embodiment 1) 

FIGS. 4A to 4G are schematic views showing a wafer 

manufacturing process according to a First Embodiment 

of the present invention. 

First, as shown in FIG. 4A, the surface of a first 

15 wafer 1 consisting of a bulk wafer such as a CZ silicon 

wafer, an FZ silicon wafer or the like is subjected to 

a nodization to make it porous, and a porous layer 4 is 

formed. 

Then, as shown in FIG. 4B, a non-porous layer 5 is 

20 formed on the porous layer 4 to form a first member. A 

method for forming the non-porous layer 5 includes 

hydrogen annealing to close the pores of the porous 

layer 4 so as to make it non-porous or forming a non­

porous monocrystalline layer by epitaxial growth. In 

25 addition, the surface of the non-porous layer 5 is 

oxidized as required, thereby forming an insulating 

layer 6 on the non-porous layer 5. Instead of 
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oxidization, the insulating layer 6 may be formed by 

CVD or sputtering and the like. In this embodiment, a 

porous layer 4 is employed as a separation layer. 

As shown in FIG. 4C, the surface of an insulating 

5 layer 6 of the first wafer 1 and the surface of the 

second wafer 2 are bonded with each other to form a 

multilayer structure. 

The second wafer 2 may be a wafer on which a 

semiconductor is exposed or may have an insulating film 

10 formed on its surface. Alternatively, instead of the 

second wafer, an insulating light transmission 

substrate such as quartz glass may be employed. 

Alternatively, a plastic-based flexible film may be 

employed. 

15 In this bonding, the surfaces of these wafers may 

be subjected to heat treatment in contact with each 

other at room temperature to increase bonding strength, 

and may be bonded with each other by anode bonding. 

Alternatively, heat treatment may be carried out at the 

20 same time as when they come into contact with each 

other. Further, in the bonding step, heat treatment or 

the like may be carried out while they are pressurized 

so as to come into closer contact with each other. 

Heat treatment is preferably carried out in an 

25 oxidizing atmosphere or an inert gas atmosphere (N2 , Ar 

or the like). 

In addition, it is preferable to activate a 
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bonding face in advance by applying plasma treatment 

using oxygen, nitrogen, silicon, hydrogen, rare gas or 

the like to at least either one of a pair of bonding 

faces. Further, a bonding layer may be intervened 

5 between these faces for bonding. 

As shown in FIG. 4D, at a separation layer (porous 

layer 4), a multilayer structure is separated by the 

aforementioned method (reference numerals 41 and 42 

each designate a separated porous layer). A non-porous 

10 portion of the peeled first wafer 1 is maintained to a 

wafer shape, and a remaining portion 41 of the porous 

layer is provided on a separated face. On the other 

hand, a non-porous layer 5 transferred from the first 

wafer is provided on the second wafer 2 together with 

15 the insulating layer 6. A remaining portion 4B of the 

porous layer is provided on its separated face. On the 

drawing, although the separation position is drawn so 

as to be inside of the porous layer, of course, an 

interface between the first wafer 1 and the porous 

20 layer 4 or an interface between the non-porous layer 5 

and the porous layer 4 may be at the separation 

position. This is the same in the subsequent 

embodiments. 

As shown in FIG. 4E, a remaining portion 42 of the 

25 porous layer is removed. When the thickness of the 

remaining portion 42 is relatively thick, a mixture 

liquid of fluoric acid, hydrogen peroxide, and alcohol 
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is employed as an etchant, the remaining portion 42 is 

selectively removed by wet etching, and then, the 

surface is smoothened by hydrogen annealing. If the 

thickness of the remaining portion 42 is thin, the 

5 remaining portion 42 may be removed by hydrogen 

annealing without wet etching, and at the same time, 

smoothing treatment may be carried out. Thus, a highly 

value-added SOI wafer is obtained. The polishing or 

planing step may be added to the removing step of the 

10 remaining portion 42. 

In FIG. 4F, the remaining portion 41 on the wafer 

1 (semiconductor substrate) after peeling is removed, 

smoothed, and smoothened by polishing, planing, wet 

etching, or hydrogen annealing and the like. Thus, a 

15 bulk wafer is obtained. Here, on the first wafer on 

which the remaining portion 41 has been merely removed, 

i.e., on which the remaining portion 41 has been 

removed without smoothing its surface, epitaxial growth 

(FIG. 4G) may be carried out for the surface smoothing 
20 step. 

As shown in FIG. 4G, an epitaxial layer 7 

consisting of a non-porous P-type monocrystalline 

semiconductor may be formed by carrying out epitaxial 

growth treatment on the surface of the wafer 1 after 

25 peeling. Thus, an epitaxial wafer is obtained. That 

is, one SOI wafer (FIG. 4E) and one bulk wafer (FIG. 

4F) or an epitaxial wafer (FIG. 4G) are obtained from 



- 32 -

two semiconductor wafers. In the present invention, 

this bulk wafer {epitaxial wafer) is employed for uses 

other than the aforementioned first and second wafers. 

For example, the wafer is used for fabricating a solar 

5 cell, is used as a dummy wafer or a monitor wafer, or 

is for sale as an epitaxial wafer. 

After separation, in the case where a separation 

layer remaining on the first or second wafer is very 

thin, there is almost no such layer, or there is no 

10 problem even if the layer remains, the step of removing 

the above remaining portion can be eliminated, which is 

the same in the subsequent embodiments. 

As has already been described, when a high 

concentration P-type semiconductor wafer is employed as 

15 a first wafer, the wafer is preferable to make it 

porous. The epitaxial wafer obtained in FIG. 4G is a 

wafer having an epitaxial layer (for example, p- layer) 

formed on the p• wafer. 

Here, prior to forming the non-porous layer 5 on 

20 the porous layer 4, at least one of the following steps 

(1) to (4) can be added. A series of steps may be 

performed in order of (1) ~ (2) preferably, (1) ~ (2) ~ 

(3) or (1) ~ (2) ~ (4) more preferably, and (1) ~ (2) ~ 

(3) ~ (4) more preferably. 

25 (1) Step of forming a protective layer on the wall of 

the pores 

A protective film such as oxide film or nitride 
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film may be provided on the wall of the pores in a 

porous layer to prevent pores from becoming coarse due 

to heat treatment. For example, heat treatment (200°C 

to 700°C) is carried out under an oxidizing atmosphere. 

5 An oxide film or the like formed on the surf ace of the 

porous layer may be removed, as required (for example, 

a surface is exposed to a liquid containing HF.). 

(2) Hydrogen baking step 

A porous layer is subjected to heat treatment at 
10 800°C to 1200°C in a reducing atmosphere containing 

hydrogen, thereby sealing pores existing on the layer 

surface of the porous layer to some extent. 

15 

(3) Step of supplying a very small amount of raw 

material 

If pores cannot be sealed by the above hydrogen 

baking process, a small amount of raw material of the 

non-porous layer 5 is supplied, thereby further sealing 

pores on the layer surface. 

Specifically, the supply of the raw material is 
20 adjusted so that the growth rate is 20 run/min. or less, 

preferably 10 run,/min. or less, more preferably 2 

nm/min. or less. 

(4) High-temperature baking step 

Heat treatment is carried out at a temperature 

25 higher than a treatment temperature for the 

aforementioned hydrogen baking step and/or the step of 

supplying a small amount of raw material and under a 
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hydrogen-containing reducing atmosphere, In this 

manner, more complete sealing and smoothing on the 

surface of the porous layer can be achieved. 

(Embodiment 2) 

FIGS. 5A to 5I are schematic views showing a 

method for manufacturing a wafer according to a Second 

Embodiment of the present invention. 

First, as shown in FIG. 5A, a first wafer 1 

consisting of a bulk wafer such as a CZ silicon wafer, 
10 an FZ silicon wafer or the like is provided; and a 

dopant-added monocrystalline semiconductor layer 3 is 

formed on the top layer of the first wafer using a 

diffusion method or an ion implantation method. This 

monocrystalline semiconductor layer 3 is preferably a p+ 

15 layer having a boron concentration of 1 x 1017 cm-3 to 1 

x 1020 cm-3 • 

Next, as shown in FIG. 5B, the surface of the 

monocrystalline semiconductor layer 3 of the first 

wafer 1 is subjected to anodization to make it porous, 
20 and a porous layer 4 is formed. At this time, it is 

preferable to make only the top layer of the 

monocrystalline semiconductor layer 3 porous so that a 

non-porous layer 10 remains below the porous layer 4 

with a thickness of about 100 run to 20 µm. Thus, a 
25 region in which the boron concentration is strictly 

specified can be subjected to anodization, and an 

evenly porous face can be formed. 
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Then, in FIG. SC, a non-porous layer 5 is formed 

on a porous layer 4, and a first member is formed. A 

method for forming the non-porous layer 5 includes 

closing the pores in the porous layer 4 to make the top 
5 layer non-porous by hydrogen annealing or forming a 

non-porous monocrystalline layer by epitaxial growth. 

The surface of the non-porous layer 5 is oxidized as 

required to form an insulating layer 6 on the non­

porous layer 5. Instead of heat oxidizing, the 

10 insulating layer 6 may be formed by CVD or sputtering 

and the like. In this embodiment, the porous layer 4 

is employed as a separation layer. 

In FIG. 5D, the surface of the insulating layer 6 

of the first wafer 1 and the surface of the second 

15 wafer 2 are bonded with each other to form a multilayer 

substrate. As a second wafer 2, a bulk wafer such as a 

CZ silicon wafer, an FZ silicon wafer or the like can 

be employed. The second wafer may be a wafer on which 
a semiconductor is exposed or may have an insulating 

20 layer formed on its surface. Alternatively, an 

insulating light transmission substrate such as quartz 

glass may be employed instead of the second wafer. 

In addition, it is preferable to activate in 

advance a bonding face by applying plasma treatment 

25 using oxygen, nitrogen, silicon, hydrogen, rare gas or 

the like to at least either one of a pair of bonding 

faces. Further, a bonding layer may be intervened 
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between these faces. 

In FIG. SE, at a separation layer (a porous layer 

4), a multilayer structure is separated by the 

aforementioned method. The non-porous portion of the 

5 peeled first wafer is maintained to a wafer shape, and 

has a remaining portion 41 of the porous layer on the 

separated face. On the other hand, the non-porous 

layer 5 transferred from the first wafer is provided on 

the second wafer 2 together with the insulating layer 

10 6, and has a remaining portion 42 of the porous layer 

on its separated face. 

In FIG. SF, a remaining portion 42 is removed. 

When the thickness of the remaining portion 42 is 

relatively thick, a mixture of hydrofluoric acid, 

15 hydrogen peroxide, and alcohol is employed as an 

etchant, the remaining portion 42 is selectively 

removed by wet etching, and then, the surface is 

smoothed by hydrogen annealing. When the thickness of 

the remaining portion 42 is thin, the remaining portion 

20 42 may be removed by hydrogen annealing without wet 

etching, and at the same time, smoothing treatment may 

be carried out. Thus, a highly value-added SOI wafer 

is obtained. 

In FIG. 5G, the remaining portion 41 on the wafer 

25 1 after peeling (semiconductor substrate) is removed by 

polishing, planing, wet etching, hydrogen annealing or 

the like, and is smoothed. 
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In addition, when a non-porous layer 10 is 

removed, a bulk wafer which is the same as the initial 

wafer is obtained (FIG. SH). 

Further, as shown in FIG. 51, after epitaxial 

5 growth treatment has been carried out on the surface of 

the wafer 1 after peeling, an epitaxial layer 7 

consisting of a non-porous P-type monocrystalline 

semiconductor is formed, and then an epitaxial wafer is 

obtained. That is, one SOI wafer and one bulk wafer 
10 (FIG. 5H) or epitaxial wafer (FIG. SI) are obtained 

from two wafers. The bulk wafer (epitaxial wafer) is 

employed for uses other than the fabrication of the SOI 

wafer shown in FIGS. SA to SI. For example, the wafer 

is employed as an apparatus wafer for fabricating a 

15 solar cell, a MOS transistor or the like, is used as a 

monitor wafer or a dummy wafer, or is sold as a bulk 

wafer or an epitaxial wafer. 

(Embodiment 3) 

A method for manufacturing a wafer according to a 
20 Third Embodiment of the present invention is described 

below by referring to FIGS. SA to 5I again. 

First, as shown in FIG. SA, a first wafer 1 

consisting of a bulk wafer such as a CZ silicon wafer, 
an FZ silicon wafer or the like is provided; and a 

25 monocrystalline semiconductor layer 3 is formed on its 

surface by an epitaxial growth treatment. This 

monocrystalline semiconductor layer 3 is preferably a p• 
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layer having a boron concentration of 1 x 1017 cm- 3 to 1 

x 1020 cm- 3 defining P-type conductivity. 

Next, as shown in FIG. 5B, the surface of the 

rnonocrystalline semiconductor layer 3 of the first 

5 wafer 1 is subjected to anodization to make it porous, 

and a porous layer 4 is formed. At this time, it is 

preferable to make only the top layer of the epitaxial 

layer 3 porous so that a non-porous epitaxial layer 10 

remains below the porous layer 4 with a thickness of 

10 about 100 nm to 20 µm. 

Then, in FIG. 5C, a non-porous layer 5 is formed 

on a porous layer 4, and a first member is formed. A 

method for forming the non-porous layer 5 includes 

closing the pores in the porous layer 4 to make the top 

15 layer non-porous by hydrogen annealing or forming a 

non-porous monocrystalline layer by epitaxial growth. 

The surface of the non-porous layer 5 is oxidized as 

required to form an insulating layer 6 on the 

non-porous layer 5. Instead of heat oxidizing, the 

20 insulating layer 6 may be formed by CVD or sputtering 

and the like. In this embodiment, the porous layer 4 

is employed as a separation layer. 

In FIG. SD, the surface of the insulating layer 6 

of the first wafer 1 and the surface of the second 

25 wafer 2 are bonded with each other to form a 

multi-layered substrate. A second wafer 2 consisting 

of a bulk wafer such as a CZ silicon wafer, an FZ 
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silicon wafer or the like may be a wafer on which a 

semiconductor is exposed or may have an insulating 

layer formed on its surface. Alternatively, an 

insulating light transmission substrate such as quartz 

5 glass may be employed instead of the second wafer. 

During the bonding, these surfaces may be subjected to 

heat treatment in contact with each other at room 

temperature to increase bonding strength, and may be 

bonded by anode bonding. Alternatively, heat treatment 

10 may be carried out at the same time when these surfaces 

come into contact with each other. Further, in the 

bonding step, heat treatment or the like may be carried 

out while they are pressurized so as to come into 

closer contact with each other. 

15 In addition, it is preferable to activate in 

advance a bonding face by applying plasma treatment 

using oxygen, nitrogen, silicon, hydrogen, rare gas or 

the like to at least either one of a pair of bonding 

faces. 

20 Further, a bonding layer may be intervened between 

these faces. 

In FIG. 5E, at a separation layer (a porous layer 

4), a multilayer structure is separated by the 

aforementioned method. The non-porous portion of the 

25 peeled first wafer is maintained to a wafer shape, and 

has a remaining portion 41 on the porous layer on the 

separated face. On the other hand, the non-porous 
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layer transferred from the first wafer is provided on 

the second wafer 2 together with the insulating layer 

6, and has a remaining portion 42 of the porous layer 

on its separated face. 

In FIG. 5F, a remaining portion 42 is removed. 

When the thickness of the remaining portion 42 is 

relatively thick, a mixture of hydrofluoric acid, 

hydrogen peroxide, and alcohol is employed as an 

etchant, the remaining portion 42 is selectively 

10 removed by wet etching, and then, the surface is 

smoothed by hydrogen annealing. When the thickness of 

the remaining portion 42 is thin, the remaining portion 

42 may be removed by hydrogen annealing without wet 

etching, and at the same time, smoothing treatment may 

15 be carried out. Thus, a highly value-added SOI wafer 

(FIG. 5F) is obtained. 

In FIG. 5G, the remaining portion 41 on the wafer 

1 after peeling {semiconductor substrate) is removed by 

polishing, wet etching, hydrogen annealing or the like, 

20 and is smoothened. At this time, the epitaxial layer 

10 formed in FIG. SA remains. When hydrogen annealing 

is applied in this state, the surface is smoothened. 

In addition, the concentration of boron contained is 

lowered by outward diffusion, and the layer 10 is 

25 formed as a p- type monocrystalline semiconductor layer. 

This is a wafer of the same quality as a so-called p­

epitaxial wafer. If there is no need for positively 
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conducting outward diffusion, even if the surface is 

smoothed by polishing or short-time hydrogen annealing, 

a wafer of the same quality as the p- epitaxial wafer is 

formed. An epitaxial layer may be epitaxially grown on 

5 the layer 10. 

In addition, when the layer 10 is removed, a bulk 

wafer which is the same as the initial wafer is 

obtained (FIG. 5H). 

Further, as shown in FIG. 5I, after epitaxial 

10 growth treatment has been carried out on the surface of 

a wafer 1 after peeling, an epitaxial layer 7 

consisting of a non-porous P-type monocrystalline 

semiconductor is formed as an epitaxial wafer. That 

is, one SOI wafer and one epitaxial wafer or bulk wafer 

15 are obtained from two wafers. This non-SOI wafer is 

diverted or is sold for other use without being used 

for manufacturing an SOI wafer again. 

Hereinafter, an advantage in the case where one 

SOI wafer and one epitaxial wafer is fabricated from 

20 two silicon wafer will be described with reference to 

FIG. 15A to FIG. 15H. 

As shown in FIG. 15A, an epitaxial silicon layer 3 

is formed on a bulk silicon substrate 1. 

Next, as shown in FIG. 15B, a part of the 

25 epitaxial layer 3 is subjected to anodization, thereby 

making it porous, and a porous layer (a separation 

layer) 4 is formed. Then, a non-porous monocrystalline 
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silicon layer 5 being an active layer of the SOI wafer 

is formed on the porous layer 4 (FIG. 15C). Further, 

an oxide film 6 being a part of the insulating film of 

the SOI wafer is formed (FIG. 15D). At this time, as 

5 shown in the figure, an oxide film is also formed on 

the surface of the silicon substrate 1. A second 

silicon wafer 2 is bonded thereto (FIG. 15E). In this 

bonding, heat treatment may be carried out at an 

oxidizing atmosphere so that bonding force is 

10 strengthened, and the oxide film on the surface of the 

silicon substrate 1 can be thickened as well. 

Thereafter, the bonded substrates are separated (FIG. 

15F), the remaining porous layers 41 and 42 are 

removed, thereby making it possible to obtain a SOI 

15 wafer (FIG. 15G) and an epitaxial wafer (FIG. 15H). 

In the process step, an epitaxial wafer for 

forming an apparatus is employed in order to prevent 

diffusion of impurities from the wafer to the outside 

while an oxide film being a back shield is attached to 

20 the surface, in particular, to the back face of the 

substrate. 

According to the aforementioned step, even if the 

step of forming a back shield discriminated from the 

other step is not provided, such back shield is formed 

25 in a series of the steps of fabricating the SOI wafer. 

Thus, an epitaxial wafer can be fabricated very 

effectively. 



- 43 -

In particular, the thickness of the back surface 

oxide film of the epitaxial wafer (FIG. 15H) obtained 

through a series of SOI wafer fabricating steps is 

preferably controlled to be 10 nm to 10 µm, and more 

5 preferably 100 nm to 3 µm. 

In FIGS. 15A to 15H, a case in which anodization 

is employed to form a separation layer has been 

described. When an SOI wafer is fabricated utilizing a 

microbubble layer formed by ion implantation, an 

10 epitaxial wafer with a back shield can be obtained at 

the same time as the separation step by containing two 

oxidizing steps (the oxidizing step of forming a 

protective film on the surface of a silicon wafer prior 

to ion implantation and the oxidizing step for 

15 increasing bonding strength). 

(Embodiment 4) 

20 

FIGS. 6A to 6G are schematic views showing a wafer 

manufacturing method according to a Fourth Embodiment 

of the present invention. 

First, in FIG. 6A, a first wafer consisting of a 

bulk wafer such as a CZ silicon wafer, an FZ silicon 

wafer or the like is provided. The surface of the 

first wafer is oxidized as required, thereby forming an 

insulating layer 6. Then, in FIG. 6B, an ion selected 

25 from hydrogen, nitrogen, and rare gas is implanted, a 

layer 14 containing fine cavities (micro bubbles or 

micro-cavities) being a separation layer is formed at a 
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predetermined depth. Thus, a first member having a 

non-porous layer 5 of monocrystalline semiconductor is 

formed on the separation layer 14. 

In FIG. 6C, the surfaces of the insulating layer 6 

5 of the first wafer 1 and the surf ace of the second 

wafer 2 are bonded with each other to form a multilayer 

structure. The second wafer may be a wafer on which a 

semiconductor is exposed, and may have an insulating 

film such as oxide film formed on its surface. 

10 Alternatively, an insulating light transmission 

substrate such as quartz glass may be employed instead 

of the second wafer. This bonding may be carried out 

at room temperature. During the bonding, these 

surfaces may be subjected to heat treatment in contact 

15 with each other at room temperature to increase bonding 

strength, and may be bonded by anode bonding. 

Alternatively, heat treatment may be carried out at the 

same time when these surfaces come into contact with 

each other. Further, in the bonding step, heat 

20 treatment or the like may be carried out while they are 

pressurized so as to come into closer contact with each 

other. In addition, a bonding layer is intervened 

between these surfaces to be bonded. Further, it is 

also preferable to carry out plasma treatment using 

25 oxygen, nitrogen, silicon, hydrogen, rare gas or the 

like to at least one of a pair of bonding faces, 

thereby activating the bonding face in advance. 
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As shown in FIG. 6D, at the separation layer 14, a 

multilayer structure is separated using the 

aforementioned method. In this method, when a 

temperature is set to 400°C or above during heat 

5 treatment in FIG. 6C, a separation phenomenon can occur 

at the same time as bonding. Preferably, the 

temperature ranges from 400°C to 600°C. 

The non-porous portion of the peeled first wafer 

is maintained to a wafer shape, and has a remaining 

10 portion 141 of the separation layer 14 on the separated 

face. On the other hand, on the second wafer 2, the 

non-porous layer 5 transferred from the first wafer is 

provided together with an insulating layer 6, and has a 

remaining portion 142 of the separation layer 14 on the 

15 separated face. 

In FIG. 6E, the remai~ing portion 142 is removed. 

At this time, the portion may be polished at a low 

polishing rate, and then, may be subjected to hydrogen 

annealing. Alternatively, hydrogen annealing may be 

20 carried out without polishing the remaining portion 142 

to remove it, and at the same time, smoothing treatment 

may be carried out. Thus, a highly value-added SOI 

wafer is obtained. 

In FIG. 6F, the remaining portion 141 on the wafer 

25 1 (semiconductor substrate) after peeling is removed by 

polishing, wet etching, hydrogen annealing or the like, 

and is smoothed. Thus, a bulk wafer is obtained. 



- 46 -

Further, as shown in FIG. 6G, epitaxial growth 

treatment may be carried out on the surface of the 

wafer 1 after peeling as required, thereby forming an 

epitaxial layer 7 consisting of a non-porous P-type 

5 monocrystalline semiconductor. In this case, an 

epitaxial wafer is obtained. 

A high concentration P-type wafer is employed as a 

first wafer 1, and p- monocrystalline layer is employed 

as an epitaxial layer 7, thereby forming a p-

10 epitaxial/P+ substrate shown in FIG. 6G. In FIG. 6E, 

when hydrogen annealing is carried out, the high 

concentration p+ layer 5 gives an SOI wafer (P- layer) 

of low concentration by outward boron diffusion. The p­

epi taxial/P+ substrate is diverted to various uses other 

15 than the aforementioned SOI wafer fabrication. 

{Embodiment 5) 

20 

25 

FIGS. 7A to 7I are schematic views showing a 

method for manufacturing a wafer according to a Fifth 

Embodiment of the present invention. 

First, as shown in FIG. 7A, a first wafer 1 

consisting of a bulk wafer such as a CZ silicon wafer, 

an FZ silicon wafer or the like is provided; and a 

monocrystalline semiconductor layer 3 is formed on the 

surface using an epitaxial growth treatment. 

Next, as shown in FIG. 78, the surface of the 

epitaxial layer 3 of the first wafer 1 is oxidized as 

required, thereby forming an insulating layer 6 (FIG. 
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7B). Then, an ion selected from hydrogen, nitrogen, 

and rare gas is implanted, so that a layer 14 

containing fine cavities being a separation layer is 

formed at a predetermined depth. Thus, a non-porous 

5 layer 5 of monocrystalline semiconductor remains on the 

separation layer 14, thereby forming a first member 

(FIG. 7C). 

At this time, an ion is preferably implanted into 

the epitaxial layer 3 so that a non-porous epitaxial 

10 layer 10 remains below the separation layer 14 with a 

thickness of about 10 nm to 20 µm. 

In FIG. 7D, the surface of the insulating layer 6 

of the first wafer 1 and the surf ace of the second 

wafer 2 are bonded with each other to form a multilayer 

15 substrate. A second wafer 2 being a second member 

consisting of a bulk wafer such as a CZ silicon wafer, 

an FZ silicon wafer or the like may be a wafer on which 

a semiconductor is exposed or may have an insulating 

layer formed on its surface. Alternatively, an 

20 insulating light transmission substrate such as quartz 

glass may be employed instead of the first wafer. This 

bonding may be carried out at room temperature. During 

the bonding, heat treatment may be carried out while 

these surfaces come into contact with each other at 

25 room temperature to increase the bonding strength, and 

they may be bonded by anode bonding. Alternatively, 

heat treatment may be carried out at the same time when 
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they come into contact with each other. Further, in 

the bonding step, heat treatment or the like may be 

carried out while these surfaces are pressurized to 

come into closer contact with each other. A bonding 

5 layer may be intervened between these surf aces to be 

bonded. In addition, it is preferable to activate in 

advance a bonding face by applying plasma treatment 

using oxygen, nitrogen, silicon, hydrogen, rare gas or 

the like to at least either one of a pair of bonding 

10 faces. 

In FIG. 7E, at a separation layer 14, a multilayer 

porous structure is separated by the aforementioned 

method. When a temperature is set to 400°C to 600°C at 

the time of heat treatment in step S43, a separation 

15 phenomenon will occur at the same time as bonding. 

The peeled first wafer 1 is maintained to a wafer 

shape without a decrease in its thickness, and has a 

remaining portion 141 of the separation layer 14 on the 

separated face. On the other hand, the non-porous 

20 layer 5 transferred from the first wafer is provided on 

the second wafer 2 together with the insulating layer 

6, and has a remaining portion 142 of the separation 

layer 14 on its separated face. In FIG. 7F, a 

remaining portion 142 is removed. At this time, 

25 polishing may be conducted at a low polishing rate, and 

then hydrogen annealing may also be conducted. 

Alternatively, hydrogen annealing may be conducted 
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without polishing, and smoothing treatment may be 

conducted with removing the remaining portion 142. 

Thus, a highly value-added SOI wafer is obtained. 

In FIG. 7G, the remaining portion 141 on the wafer 

5 1 after peeling (semiconductor substrate) is removed by 

polishing, wet etching, hydrogen annealing or the like, 

and is smoothed. At this time, the epitaxial layer 10 

formed in FIG. 7C remains. When hydrogen annealing is 

applied in this state, the surface is smoothened. In 

10 addition, if the boron concentration is high, the 

concentration of boron contained is lowered by outward 

diffusion, and the layer 10 is formed as a p- type 

rnonocrystalline semiconductor layer. 

In addition, when the epitaxial layer 10 is 

15 removed, a bulk wafer which is the same as the initial 

wafer is obtained (FIG. 7H). 

Further, as shown in FIG. 7I, after epitaxial 

growth treatment has been carried out on the surf ace of 

a wafer 1 after peeling, an epitaxial layer 7 

20 consisting of a non-porous P-type monocrystalline 

semiconductor may be formed. Thus, an epitaxial wafer 

is obtained. That is, one SOI wafer and one bulk wafer 

or epitaxial wafer are obtained from two wafers. In 

the present invention, the non-SOI wafer is employed 

25 for uses other than fabrication of the SOI wafer. 

A high concentration P-type wafer is employed as a 

first wafer 1, and a p- monocrystalline layer is 
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employed as an epitaxial layer 7, thereby causing a p­

epitaxial/P. substrate to be formed in step S47. In 

step S45, when hydrogen annealing is carried out, the 

high concentration p• layer 5 gives an SOI wafer (P-

5 layer) of low concentration by outward boron diffusion. 

(Embodiment 6) 

As a first substrate, a semiconductor substrate 

such as a silicon wafer is employed. On the 

semiconductor substrate, a semiconductor layer 

10 consisting of a material different from that of a 

hetero-epitaxially grown substrate is formed by CVD or 

molecular-beam epitaxial growth method. This 

semiconductor is SiGe or Ge. 

On the other hand, as a second substrate, a 

15 silicon wafer is employed. 

An insulating film such as an oxide film is formed 

on at least one of the surface of the semiconductor 

layer and/or the surface of the second substrate. 

The first and second substrates are bonded with 

20 each other, and a multilayer structure is obtained. 

In the thus obtained multilayer structure, a 

stress is concentrated on a hetero interface, i.e., an 

interface between the first substrate and the 

semiconductor layer, and thus, the multilayer structure 

25 is easily peeled at this interface. 

Therefore, when energy is applied for the above 

mentioned separation, it triggers separation of the 
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multilayer structure, and the semiconductor layer is 

transferred onto the second substrate. The separation 

face may be somewhat reeled, and smoothing is carried 

out as required. Thus, one SOI wafer and one silicon 

5 wafer (or epitaxial wafer if epitaxial growth is 

carried out thereon) can be obtained from two silicon 

wafers. The thus obtained silicon wafer is employed 

for uses other than the above mentioned step, whereby 

making it possible to employ always a new silicon wafer 

10 for SOI wafer fabrication. 

(Embodiment 7) 

15 

FIGS. 8A to 8G are schematic views showing a wafer 

manufacturing method according to a Seventh Embodiment 

of the present invention. 

First, in FIG. 8A, a first wafer 1 consisting of a 

P-type silicon wafer is employed. Then, an epitaxial 

layer 31 having its impurity concentration lower than 

the first wafer and an epitaxial layer 32 having its 

impurity concentration higher than the epitaxial layer 

20 31 are formed by epitaxial growth. For a P-type 

silicon wafer, a high concentration P-type silicon 

wafer of 1 x 1017 crn-3 to 1 x 1020 cm-3 in boron 

concentration and 0.001 to 0.5 n·cm in specific 

resistance is preferred. 

25 The impurity concentration of the epitaxial layer 

32 is required to be higher than that of the epitaxial 

layer 31. The specific resistance of the epitaxial 
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layer 32 is set to be lower than that of the epitaxial 

layer 31. Specifically, the specific resistance of the 

epitaxial layer 31 is set to be 0.02 to 10,000 n·cm, 

and more preferably 0.1 to 100 n·cm. The specific 

5 resistance of the epitaxial layer 32 is set to be 0.001 

to 0.1 n·cm, and more preferably 0.005 to 0.02 n·cm. 

In FIG. 8B, the epitaxial semiconductor layer 32 

and epitaxial layer 31 of the first wafer 1 is 

subjected to anodization partway, thereby making them 
10 porous, and a porous layer 4 is formed. Even if a 

current is constant during anodization, when epitaxial 

layers having their different impurity concentrations 

are thus employed, a porous layer having its different 

degree of porousness can be formed. In the porous 

15 layer 4, the porous portion of the epitaxial 

semiconductor layer 31 is more highly porous and more 

vulnerable than that of the semiconductor layer 32. At 

this time, the layer is made porous so that the non­

porous layer 10 remains below the porous layer 4 with a 
20 thickness of 100 nm to 20 µm. 

Hereinafter, forming an epitaxial layer having its 

different impurity concentration will be described in 

more detail. 

At least one of the composition, impurity 

25 concentration, and type of an epitaxially grown layer 

is changed, (in this embodiment, impurity concentration 
was changed), thereby forming a structure having two or 
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more epitaxially grown layers. When a porous layer 

formed in such epitaxially grown layer is structured to 

be porous, the layer having two or more layers having 

their different structures, a separation position in 
5 the porous layer can be specified in the post-bonding 

separation step described later. 

It is desirable that a porous layer structure has 

a lowly porous layer on its surface side and a highly 

porous layer therein. The lowly porous layer on the 

10 surface side is required to improve crystallinity of a 

non-porous rnonocrystalline layer to be formed later. 

The highly porous layer positioned therein is a layer 

that is mechanically vulnerable and that is 

preferentially separated mainly in the highly porous 
15 layer or at an interface between the highly porous 

layer and the adjacent layer in the separation step. 

Prior to forming the porous layer, a layer having 

different composition, impurity concentration, type or 
the like from the above is formed in advance in an 

20 epitaxially grown layer, whereby at least the above 

mentioned lowly and highly porous layers can be formed 
without particularly changing the conditions for 

forming a porous layer during anodization for forming 

the porous layer. 

25 When a plurality of first substrates are disposed 
in an anodization solution to form a porous layer, a 
silicon wafer has been disposed on the anode side as a 
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shield wafer in order to prevent.the deposition of a 

metal ion eluted from the anode to the back side of the 

first substrate. When two or more porous layers are 

formed by changing a current density, a similar 

5 structure may be formed on the surface of a shield 

wafer. If such shield wafer is used n-times, a 2n­

layered porous layer is formed in the shield wafer. 

The porous layer becomes extremely unstable. For 

example, a porous portion formed at the shield wafer 

10 has been peeled off at n + 1 times, and sometimes has 

diffused in a container. In particular, when the lowly 

and highly porous layers are formed alternately, the 

mechanical strength is lowered more significantly than 

a case in which a porous layer having the same 

15 thickness is formed under constant forming conditions. 

That is, use of the shield wafer has been limited. 

However, according to the present invention, a two or 

more layered structure of the porous layer of the first 

substrate is determined depending on a structure of the 
20 epitaxially grown layer formed in advance on the 

surface of the first substrate. Thus, the density of 

current to be applied to the shield wafer can be made 

constant, and the service life of the shield wafer can 

be extended. 

25 A two or more layers may be provided for the 

structure of the porous layer. In particular, a highly 

porous layer may be formed for a second layer from the 
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surface, and a second lowly porous layer may be formed 

thereunder. In this situation, even if a defect is 

introduced during separation, such defect in the porous 

layer can be removed in the subsequent step of removing 
5 the porous layer and the defect does not remain in the 

first substrate. Thus, when three or more layered 

structure of the porous layer is formed, a layer having 

its different composition, impurity concentration, and 

type, suitable to these porous layers, is formed in an 
10 epitaxially grown layer. 

Then, in FIG. 8C, a non-porous layer 5 is formed 

on a porous layer 4, and a first member is formed. A 

method for forming the non-porous layer 5 includes 

closing the pores of the porous layer 4 to make the top 
15 layer porous by hydrogen annealing or forming a non­

porous monocrystalline layer by epitaxial growth. The 

surface of the non-porous layer 5 is oxidized as 

required, thereby forming an insulating layer 6 on the 
non-porous layer 5. Instead of heat oxidizing, the 

20 insulating layer 6 may be formed by CVD or sputtering 

and the like. In this embodiment a porous portion of 

the epitaxial semiconductor layer 31 is employed as a 

separation layer. 

In FIG. 8D, the surface of the insulating layer 6 
25 of the first wafer 1 and the surface of the second 

wafer 2 are bonded with each other to form a multilayer 

structure. A second wafer 2 being a second member 
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consisting of a bulk wafer such as a CZ silicon wafer, 

an FZ silicon wafer or the like is provided. The 

second wafer may be a wafer on which a semiconductor is 

exposed or may have an insulating film on its surface. 

5 Alternatively, an insulating light transmission 

substrate such as quartz glass may be employed instead 

of the second wafer. In bonding, these surfaces may be 

subjected to heat treatment at room temperature in 

contact with each other to increase bonding strength or 

10 may be bonded with each other by anode bonding. 

Alternatively, the surfaces may be subjected to heat 

treatment at the same time when they comes into contact 

with each other. Further, in the bonding step, heat 

treatment or the like may be carried out while they are 

15 pressurized so as to come into closer contact with each 

other. 

In addition, it is preferable to apply plasma 

treatment using oxygen, nitrogen, silicon, hydrogen, 

rare gas or the like to at least one of a pair of 

20 bonding faces, and activate in advance these bonding 

faces. Further, a bonding layer may be intervened 

between these surfaces to be bonded. 

In FIG. 8E, at the separation layer (porous 

portion of the epitaxial semiconductor layer 31), a 

25 multilayer structure is separated by the aforementioned 

method. The non-porous portion of the peeled first 

wafer is maintained to a wafer shape, and has a 
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remaining portion 41 of the porous layer on the 

separated face (a part of the porous portion of the 

epitaxial semiconductor layer 31). On the other hand, 

on the second wafer 2, the non-porous layer 5 

5 transferred from the first wafer is provided together 

with the insulating layer 6, and has a remaining 

portion 42 of the porous layer on its separated face (a 

part of the porous portion of the epitaxial layer 32 

and the porous portion of the epitaxial semiconductor 
10 layer 31). 

In FIG. SF, the remaining portion 42 is removed. 

When the thickness of the remaining portion 42 is 

relatively thick, a mixture of fluoric acid, hydrogen. 

peroxide, and alcohol is employed as an etchant, and 
15 the remaining portion 42 is removed by selectively 

conducting wet etching on it, and then, the surface is 

smoothed by hydrogen annealing. When thickness of the 

remaining portion 42 is thin, hydrogen annealing may be 
carried out without wet etching, and smoothing 

20 treatment may be carried at the same time when the 

remaining portion 42 is removed. Thus, a highly value­

added SOI wafer is obtained. 

In FIG. 8G, the remaining portion 41 on the wafer 

1 (a semiconductor substrate) after peeling is removed 
25 by polishing, wet etching, and hydrogen annealing, and 

is smoothed. 

At this time, a non-porous layer (epitaxial layer) 
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10 remains on the wafer 1, and an epitaxial wafer is 

obtained. When a wafer other than P-type silicon wafer 
is desired on a substrate beneath as an epitaxial wafer 

after separation, a desired silicon wafer (for example, 
5 p- or N type) can be employed. 

In these steps, two or more epitaxial 

semiconductor layers 31 may be formed. For example, 

when the two epitaxial semiconductor layers are formed, 
epitaxial semiconductor layers 31' and 31'' (31 in all) 

10 are formed in this order. The epitaxial semiconductor 

layers are made porous, which is carried out from the 
epitaxial semiconductor layer 32 on the surface. Until 
at least monocrystalline semiconductor layer 31'' is 
made porous, the layers are made porous so that a part 

15 of the epitaxial semiconductor layer 31' remains 

without being made porous. Therefore, when the layer 

31' is made porous part-way, the epitaxial 

semiconductor layer 31', porous layer 41' (a layer 

obtained by making part of the epitaxial semiconductor 
20 layer 31' porous), porous layer 41'' (a layer obtained 

by making the epitaxial semiconductor layer 31'' 

porous), and porous layer 42 (a layer obtained by 

making the monocrystalline semiconductor layer 32 

porous) are formed in that order from the first wafer 
25 l. In addition, when the interface between the 

monocrystalline semiconductor layer 31'' and the 

monocrystalline semiconductor layer 31' is made porous, 
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the porous layer 41' (a layer obtained by making the 

single semiconductor layer 31' porous) does not exist. 

[Role of each layer] 

Epitaxial layer 32: A good-quality epitaxial layer 
5 (SOI) is formed on this porous layer. 

Epitaxial layer 31': A remaining layer without 

being made porous becomes an epitaxial layer for a 

second semiconductor substrate. 

Epitaxia+ layer 31' ':Separation is conducted 

10 inside of the thus formed porous layer or at a upper­

or lower-interface thereof 

In FIG. 8G, the remaining portion 41 on the wafer 

1 (semiconductor substrate) after peeling is removed by 

polishing, wet etching, hydrogen annealing or the like, 
15 and is smoothed. At this time, the epitaxial layer 10 

(original monocrystalline semiconductor layer 31) 

formed in FIG. SA remains. When hydrogen annealing is 

applied in this state, the surface is smoothed. When 

the concentration of boron contained is higher than a 
20 desired concentration, the boron concentration is 

lowered by outward diffusion, and the layer 10 is 

formed as a p- type monocrystalline semiconductor layer. 

This is a wafer of the same quality as a so-called 

p- epitaxial wafer. The boron concentration of this 

25 layer is substantially equal to that of the initial 

epitaxial semiconductor layer 31. This layer is made 

porous in a region close to the surface (porous layer 
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42), and acts as a separation layer. Thus, there is a 

possibility that the boron concentration thereof does 

not match with that for a p- epitaxial wafer. In this 

case, as described above, two or more epitaxial 

5 semiconductor layers 31 having different boron 

concentrations are arranged, whereby these layers may 

be formed by being divided into a layer (31' r) having 

its optimum boron concentration to make it porous for 

separation and a layer (31') having its optimum boron 
10 concentration for a p- epitaxial wafer. If there is no 

need for positively conducting outward diffusion, even 

if the surface is smoothed by polishing or short-time 

hydrogen annealing, a wafer of the same quality as the 

p- epitaxial wafer is formed. Thus, one SOI wafer and 

15 one epitaxial wafer that are highly value-added are 

obtained from two wafers. This epitaxial wafer is 

diverted or is sold as a wafer employed for various 

uses other than being used for manufacturing an SOI 

wafer, whereby an economically advantageous SOI wafer 

20 manufacturing process can be constructed. Moreover, it 

is possible to manufacture an SOI wafer using a new 

wafer all the time, and thus, its production efficiency 

is increased. 

25 

(Embodiment 8) 

FIGS. 9A to 9G are schematic views showing a 

method for manufacturing a wafer according to an Eighth 

Embodiment of the present invention. 
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First, in FIG. 9A, a first wafer 1 consisting of a 

P-type silicon wafer is provided, and an epitaxial 

layer 31 of a first specific resistance of a first 

conductive type (for example p-) and an epitaxial layer 

5 32 of a second specific resistance of a second 

conductive type (for example, 'n') are formed on its 

surface by epitaxial growth. In this embodiment, an 

epitaxial layer 32 is formed as an active layer on the 

SOI wafer, and an epitaxial layer 31 is formed as an 

10 active layer on the epitaxial wafer. The respective 

active layers can be fabricated by epitaxial growth of 

a series of steps. The epitaxial layers 31 and 32 may 

be of the same conductive type (P type or N type), and 

the specific resistance may be the same without being 

15 changed in particular (that is, a single epitaxial 

layer may be formed). The monocrystalline 

semiconductor layers 31 and 32 are finally formed as an 

epitaxial wafer and a surface semiconductor layer of a 

wafer such as SOI, and thus, the conductive type and 

20 concentration of impurities are preferably optimized 

for respective uses. As a first wafer, a high 

concentration P-type silicon wafer is preferably 

employed. 

In FIG. 9B, the surface of the epitaxial layer 32 

25 of the first wafer is thermally oxidized etc., thereby 

forming an insulating layer 6 (FIG. 9C). Next, an ion 

selected from hydrogen, nitrogen, or rare gas is 
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implanted, and a layer 14 containing fine cavities 

being a separation layer at a predetermined depth is 

formed. The position of the separation layer is 

specified so that at least a part (non-porous layer 5) 

5 of the monocrystalline semiconductor 32 remains on the 

separation layer 14, and further, at least a part (non­

porous layer 10) of the monocrystalline semiconductor 

31 remains below the separation 14. Thus, a first 

member is formed. 

10 At this time, it is preferable to implant an ion 

into the epitaxial layer 31 and/or the epitaxial layer 

32 so that a non-porous epitaxial layer 10 (a part of 

the epitaxial layer 31) remains below the separation 

layer 14 with a thickness of 10 run to 20 µm. Here, 

15 there is shown a case in which a separation layer 14 is 

formed so that the interface between the epitaxial 

layers 31 and 32 exists in the separation layer 14 

(that is, in such a manner that a separation layer is 

formed between the epitaxial layers 31 and 32). 

20 In FIG. 9D, the surface of the insulating layer 6 

of the first wafer 1 and the surface of the second 

wafer 2 are bonded with each other to form a multilayer 

structure. A second wafer being a second member 

consisting of a bulk wafer such as a CZ silicon wafer, 

25 an FZ silicon wafer or the like may be a wafer on which 

a semiconductor is exposed or may have an insulating 

film on its surface. Alternatively, an insulating 
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light transmission substrate such as quartz glass may 

be employed instead of the first wafer. These surface 

may be bonded with each other at room temperature. In 

bonding, the surfaces may be subjected to heat 

5 treatment in contact with each other at room 

temperature to increase bonding strength or may be 

bonded with each other by anode bonding. 

Alternatively, heat treatment may be carried out at the 

same time when these surfaces come into contact with 

10 each other. Further, in the bonding step, heat 

treatment or the like may be carried out while the 

surfaces are pressurized so as to come into closer 

contact with each other. In addition, a bonding layer 

is intervened between these surface to be bonded. In 

15 addition, it is preferable to apply plasma treatment 

using oxygen, nitrogen, silicon, hydrogen, rare gas or 

the like to at least either one of a pair of bonding 

faces, and activate the bonding face in advance. 

In FIG. 9E, at the separation layer 14, a 

20 multilayer structure is separated by the aforementioned 

method. In the method of this example, when a 

temperature is set to 400°C or above and preferably 

400°C to 600°C during heat treatment shown in FIG. 9D, 

a separation phenomenon may occur at the same time as 

25 bonding. 

The peeled first wafer 1 is maintained to a wafer 

shape without a decrease in thickness, and has a 
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remaining portion 141 of the separation layer 14 on the 

separated face. On the other hand, on the second 

wafer, a non-porous layer 5 transferred from the first 

wafer is provided together with an insulating layer 6, 

5 and has a remaining portion 142 of the separation layer 

14 on its separated face. In FIG. 9F, the remaining 

portion 142 is removed. The remaining portion 141 is 

removed by polishing, wet etching, hydrogen annealing 

or the like, and is smoothed. Thus, a highly value-

10 added SOI wafer is obtained. 

In FIG. 9F, the remaining portion 142 is removed. 

At this time, the remaining portion may be polished at 

a low polishing rate, and then, may be subjected to 

hydrogen-annealing. Alternatively, hydrogen annealing 
15 may be carried out without polishing, and smoothing 

treatment may be carried out at the same time when the 

remaining portion 142 is removed. Thus, a highly 

value-added SOI wafer is obtained. 

In FIG. 9G, the remaining portion 141 on the wafer 
20 1 (semiconductor substrate) after peeling is removed by 

polishing, wet etching, hydrogen annealing or the like, 

and is smoothed. At this time, the epitaxial layer 10 

formed in FIG. 9A remains. When hydrogen annealing is 
applied in this state, the surface is smoothed, and the 

25 concentration of boron contained is lowered by outward 
diffusion, thereby making it possible to employ the 

layer 10 as a p- type monocrystalline semiconductor 
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layer. Thus, one SOI wafer and one epitaxial wafer 

(for example, a wafer on which a p- epitaxial layer is 

formed on a p• substrate) can be obtained from two 

wafers. 

Hereinafter, a manufacturing system (a 

manufacturing plant) suitable to implement the 

manufacturing methods of the above embodiments 7 and 8 

will be described. 

FIG. 13 is a schematic view illustrating an 

10 example of the manufacturing system. The manufacturing 

system of FIG. 13 is merely different from a part of 

the manufacturing system of FIGS. 6A to 6G, and thus 

elements identical to those of FIGS. 6A to 6G are 

designated by the same reference numerals, a 

15 description there of will be omitted here. 

The manufacturing system of FIG. 13 is different 

from that of FIGS. 6A to 6G in that an epitaxial layer 

is formed on a first substrate (wafer) 1, and then, is 

sent to a group of processing apparatuses 51 having an 
20 anodization apparatus, an epitaxial growth apparatus, 

an ion implanting apparatus, an oxidizing apparatus or 

the like, i.e., when the peeled first substrate is 

smoothed at a group of apparatuses 54, the epitaxial 

wafer 21 is completed (that is, there is no need for 
25 performing new epitaxial growth to form an epitaxial 

layer). 

(Manufacturing System) 
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Hereinafter, a manufacturing system (a 

manufacturing plant) suitable to implement a wafer 

manufacturing method of the present invention will be 

described. 

5 FIG. 10 is a schematic view illustrating an 

example of the manufacturing system. As shown in the 

figure, a first substrate {wafer) 1 is sent to a group 

of processing apparatuses 51 having an anodization 

apparatus, an epitaxial growth apparatus, an ion 

10 implanting apparatus, an oxidizing apparatus or the 

like, and the aforementioned step S2 or the like is 

implemented. 

The first substrate 1 having a separation layer 

formed thereon is sent to a group of bonding 

15 apparatuses 52, and is bonded with a second substrate 

(wafer) 2 therein, and a multilayer structure is 

obtained. 

The multilayer structure is sent to a group of 

separation apparatuses 53 containing at least a water 

20 jet apparatus, a teat treatment apparatus, a wedge 

inserting apparatus or the like, and is separated 

therein. 

The second substrate after peeling is sent to a 

group of separation-layer-removing and surface-

25 smoothing apparatuses 54 containing an etching 

apparatus, a polishing apparatus, a heat treatment 

apparatus or the like. Then, the substrate is 
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subjected to treatment, and an SOI wafer 20 is 

completed. 

On the other hand, the peeled first substrate is 

smoothed in a group of apparatuses 54 and is completed 

5 as a bulk wafer, or is sent to an epitaxial growth 

apparatus 55. Then, epitaxial growth treatment is 

applied, and an epitaxial wafer 21 is completed. Of 

course, in the processing apparatuses 51, when 

epitaxial growth is conducted on the first substrate 1, 
10 an epitaxial wafer is obtained at the same time as when 

it is separated, thus making it possible to disuse the 

epitaxial growth apparatus 55. 

These SOI wafer 20 and epitaxial wafer 21 (or bulk 

wafer) are sent to a group of inspection and analysis 
15 apparatuses 56; film thickness distribution, foreign 

particle density, and defect density or the like are 

measured; and the wafer is packed in a group of 

shipment packing apparatuses 57, and is then shipped. 

The epitaxial wafer 21 is diverted or sold as a wafer 
20 for other various uses other than being used as a first 

substrate 1 or a second substrate 2. Reference numeral 

58 designates a maintenance area; and reference numeral 

59 designates a clean area for conveying a wafer. 

Thus, two wafers are employed, and one SOI wafer and 

25 one epitaxial wafer (or bulk wafer) can be fabricated. 

A new wafer can always be employed for manufacture of 

SOI wafers. An efficient semiconductor manufacturing 
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process can be constructed by diverting a wafer for 

another uses and selling the wafer that has been 

conventionally re-utilized in the same process or 

discarded. 

5 FIG. 11 is a view showing a partial modification 

of a system of FIG. 10, wherein the obtained SOI wafer 

20 and epitaxial wafer 21 (or a bulk wafer) are 

separately inspected so as to be packed. 

In this case, when the epitaxial wafer 21 is 

10 required to have the same quality as the obtained SOI 

wafer 20, the epitaxial wafer 21 {or a bulk wafer) is 

not used as a first substrate 1 or a second substrate 2 

again. Thus, one SOI wafer and one epitaxial wafer can 

be manufactured from two wafers, and a manufacturing 

15 process with its efficient wafer utility can be 

constructed. 

20 

FIG. 12 is a flowchart of the inspection step for 

determining use to which a first wafer after peeling is 

diverted. 

As shown in FIG. 12, a foreign matter on the 

surface of the wafer after peeling is first measured 

(step SSO). When a surface foreign matter is not 

measured or is below a standard value, surface 

roughness is then measured based on a first standard 

25 (low standard) (step S51). When the first standard of 

the surface roughness is met, the surface roughness is 

measured based on a second standard (a standard higher 
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than the first standard) {step S52). When the second 

standard of the surface roughness is met, edge portion 

judgment is performed (step S53). If there is no 

problem with an edge portion, the first wafer is 

5 produced, and is employed as an apparatus wafer, an 

epitaxial wafer, or a high-quality dummy wafer (step 

854). 

When the surface foreign matter exceeds the 

standard value in step 850 or when surface roughness 
10 does not meet the first standard in step 851, surface 

re-treatment such as re-washing, re-polishing or the 

like is performed (step S55). After the surface re­

treatment, the wafer is inspected again in the steps 

850 to 854 or is employed as a dummy wafer if required 

15 (step 856). In addition, if the surface roughness does 

not meet the second standard in step 852, the wafer is 

employed as a dummy wafer (step S56). 

If there is a problem with edge judgment in step 

853, edge re-treatment such as edge polishing is 

20 performed (step S57). The wafer in which no 

specification for edge is required is produced as it 

is, and is employed as an apparatus wafer, a epitaxial 

wafer, or a high-quality dummy wafer (step S54). 

Hereinafter, a manufacturing system (a 

25 manufacturing plant) suitable to implement the 

manufacturing methods of the above embodiments 7 and 8 

will be described. 
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FIG. 13 is a schematic view illustrating an 

example of the manufacturing system. The manufacturing 

system of FIG. 13 is partially different from that of 

FIG. 10, and thus elements identical to those of FIG. 

5 10 are designated by the same reference numerals, and a 

description thereof is omitted. 

The manufacturing system of FIG. 13 is different 

from that of FIG. 10 in that an epitaxial layer is 

formed on a first substrate (wafer) 1, and then, is 

10 sent to a group of processing apparatuses 51 having an 

anodization apparatus, an epitaxial growth apparatus, 

an ion implanting apparatus, an oxidizing apparatus or 

the like; i.e., when the peeled first substrate is 

smoothed in a group of apparatuses 54, an epitaxial 

15 wafer 21 is completed (that is, there is no need for 

perform new epitaxial growth to form an epitaxial 

layer). 

FIG. 14 is a view showing a partial modification 

of the system of the FIG. 13, wherein the obtained SOI 

20 wafer 20 and the epitaxial wafer 21 (or a bulk wafer) 

are separately inspected, and packed. The 

manufacturing system of FIG. 14 is partially different 

from that of FIG. 11. The manufacturing system of FIG. 

14 is different from that of FIG. 11 in that an 

25 epitaxial layer is formed on the first substrate 

(wafer) 1, and then, is sent to a group of processing 

apparatuses 51 having an anodization apparatus, and an 
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epitaxial growth apparatus, an ion implanting 

apparatus, and an oxidizing apparatus or the like; 

i.e., when the peeled first substrate is smoothed in a 

group of apparatuses 54, the epitaxial wafer 21 is 

5 completed (that is, there is no need for performing 

epitaxial growth to form an epitaxial layer. 

The inspection step for determining use to which a 

first wafer after peeling is diverted is the same as 

the flowchart shown in FIG. 12. 

10 Now, the present invention will be described by 

way of examples. 

In the following examples, it is noted that 80 

Torr is equivalent to about 1.07 x 104 Pa expressed in 

the SI unit system. Similarly, 760 Torr is equivalent 

15 to about 1.01 x 105 Pa, 0.5 l/min. is equivalent to 

about 0.0083 L/S, 180 l/min. is equivalent to 3 L/S, 

and 0.2 l/min. is equivalent to about 0.0033 L/S. 

(Example 1) 

A first p-type monocrystalline Si substrate 

20 showing a specific resistance between 0.01 and 0.02 

n•cm was anodized in an HF solution. 

25 

The conditions of the anodization are listed 

below. 

current density: 

anodizing solution: 

7 ( mA•cnC2
) 

HF: H20: C2H50H 

time: 11 (minutes) 

thickness of porous Si: 12 (µm) 

1: 1: 1 
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The porous Si was also used as a separation layer 

for forming a high quality epitaxial Si layer. 

Therefore, it was a multi-functional layer. Note that 

the thickness of the porous Si layer may have a value 

5 selected from a range between 0.1 and 600 µm. 

The substrate was then oxidized for an hour in an 

oxygen atmosphere at 400 °C. As a result of oxidation, 

the inner walls of the pores of the porous Si layer 

were covered by thermally oxidized film. Then, 

10 monocrystalline Si was made to epitaxially grow to a 

thickness of 0.3 µm. The conditions of the epitaxial 

growth are listed below. Note that the above described 

hydrogen baking process, the process of supplying a 

small amount of raw material and the high temperature 

15 baking process may be conducted prior to the process of 

growing monocrystalline Si. 

20 

source gas: SiH2Cl2 I Hz 

gas flow rate: 0.5 I 180 l /min. 

gas pressure: 80 Torr 

temperature: 950 oc 

growth rate: 0.15 µm I min. 

Then, a lOOnm thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

Thereafter, a silicon wafer having the same 

25 diameter from the surface of which the native oxide 

film had been removed was brought into contact with the 

silicon wafer and bonded together by heat treatment to 
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produce a multilayer structure. 

A wedge of a rigid material was driven into the 

multilayer structure from a lateral side thereof to 

peel the multilayer structure and remove the first 

5 substrate from the multilayer structure. As a result 

of the peeling, the epitaxial layer was transferred 

onto the second substrate. 

The porous layer remaining on the epitaxial layer 

was removed by wet etching and the second substrate was 

10 subjected to a hydrogen annealing process to obtain an 

SOI wafer. Then, a fully depletion type thin film 

transistor was prepared by using the SOI wafer. 

On the other hand, the exposed surface of the 

peeled first substrate was polished to remove the 

15 residual porous layer and smoothed to obtain a bulk 

wafer, which was then used to prepare a CMOS logic 

circuit. 

It was also possible to prepare a solar cell by 

using the obtained bulk wafer in a manner as described 

20 below. 

Firstly, after forming a porous layer 4 by 

anodization, an epitaxial layer 5 was made to grow as 

shown in FIG. 16A. 

More specifically, the epitaxial growth of the 

25 semiconductor film 5 was conducted in a manner as 

described below. A first semiconductor layer 503 of p 

Si was formed by epitaxial growth in an atmospheric 
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pressure Si epitaxial growth system, using SiH4 gas and 

B2H5 gas to dope the p' Si of the first semiconductor 

layer 503 with boron B for 3 minutes to obtain a boron 

concentration of 10:9 atoms/cm3
• Then, a second 

5 semiconductor layer 502 was formed in the same system 

by altering the B2H6 gas flow rate to dope the p· Si of 

the second semiconductor layer 502 with boron B for 10 

minutes to get a low boron concentration of 10: 6 

atoms/cm3
• Thereafter, a third semiconductor layer 501 

10 was formed on the p· epitaxial semiconductor layer 502 

also by epitaxial growth using PH 3 gas in place of B2H5 

gas to dope the n· Si of the third semiconductor layer 

501 with phosphor for 4 minutes to get a high phosphor 

concentration of 1019 atoms/cm3
• Thus, the obtained 

15 semiconductor film 5 of the first through third 

epitaxial semiconductor layers 501 through 503 showed a 

p' I p· I n· structure. 

Then, in this example, a transparent Si02 

insulating film 80 was formed on the semiconductor film 

20 5 by surface thermal oxidation and subjected to a 

pattern etching operation using a photolithography 

technique to make it contact with electrodes or wires 

81. The wires 81 were arranged with required intervals 

to extend in parallel with each other as so many 

25 stripes in a direction perpendicular to the drawing. 

Each of the electrodes or the wires 81 was made of 

a metal film prepared as multilayer film by 
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sequentially depositing Ti film, a Pd film and an Ag to 

respective thicknesses of 30nm, 50nm and lOOnm by 

evaporation and thereafter plating the surface with Ag. 

The obtained multilayer film was then annealed at 400 

5 °C for 20 to 30 minutes. 

Then, a metal wire conductor 82 was bonded to the 

surface of each of the stripe-shaped electrodes or the 

wires 81 to extend along the corresponding wire 81 and 

a transparent substrate 83 was bonded onto the 

10 conductors 82. The conductors 82 may be bonded to the 

electrodes or the wires 81 by soldering. The 

conductors 82 were extended externally at an end 

thereof beyond the electrodes or the wires 81. 

Thereafter, the bulk wafer 1 and the transparent 
15 substrate 83 were subjected to external force trying to 

separate them from each other. Then, they were 

separated along the porous layer 4 to produce a thin 

film semiconductor 86 comprising a transparent 

substrate 83 and an epitaxial semiconductor film 5 

20 bonded onto the surface of the substrate 83. 

While the porous layer 41 was partly left on the 

rear surface of the thin film semiconductor 86, silver 

paste was applied thereon and a metal plate was bonded 

thereto to produce a rear surface electrode 85 there. 
25 Thus, a solar cell comprising a transparent substrate 

83 and a thin film semiconductor 86 having a p· ! p 

n structure was prepared (FIG. 16C). The metal 
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electrode 85 operates also as a device protection film 

layer protecting the rear surface of the solar cell. 

Note that the porous layer 4 may be made to have a 

multilayer structure of layers with different 

5 porosities as shown in FIG. 16D. 

For instance, the layer 401 may have a low 

porosity (to produce a high quality epitaxial film) and 

the layers 402 and 404 may be made to show a porosity 

higher than that of the layer 401, while the layer 403 
10 may be made to show the highest porosity of all. 

With such an arrangement, the bulk wafer 1 and the 

transparent substrate 83 can be separated effectively 

along the high porosity layer 403. Layers with 

different porosities can be formed by controlling the 
15 current density during the process of forming the 

porous layer. 

(Example 2) 

A first p-type rnonocrystalline Si substrate 

showing a specific resistance between 0.01 and 0.02 

20 Q•crn was anodized in an HF solution. 

25 

The conditions of the anodization are listed 

below. 

current density: 

anodizing solution: 

time: 

7 (mA·cm- 2 ) 

HF: H20: C2H50H 

5 (minutes) 

thickness of porous Si: 5.5 (µrn) 

1: 1: 1 
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current density: 

anodizing solution: HF:H20:C2H50H 1: 1: 1 

time: 10 (seconds) 

thickness of porous Si: 0.2 (µm) 

Of the two porous Si layers, the upper one 

prepared by anodization, using a low current density, 

was used to form a high quality epitaxial Si layer, 

whereas the lower one prepared by anodizat~on, using a 

high current density, was used as a separation layer. 
10 Therefore, they have their respective functions. 

Note that the thickness of the low current density 

porous Si layer may have a value selected from a range 

between 0.1 and 600 µm. Also note that one or more 

than one additional layers may be formed after forming 

15 the second porous Si layer. 

The substrate was then oxidized for an hour in an 

oxygen atmosphere at 400 °c. As a result of oxidation1 

the inner walls of the pores of the porous Si layers 

were covered by thermally oxidized film. Then, 

20 monocrystalline Si was made to epitaxially grow to a 

thickness of 0.3 µm by means of CVD. The conditions of 

the epitaxial growth are listed below. Note that the 
above described hydrogen baking process, the process of 

supplying a small amount of raw material and the high 
25 temperature baking process may be conducted prior to 

the process of growing monocrystalline Si. 
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source gas: SiH2Cl 2 I Hz 

gas flow rate: 0.5 I 180 1 /min. 

gas pressure: 80 Torr 

temperature: 950 ·c 
growth rate: 0.3 µm I min. 

Then, a 200nm thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

Thereafter, a silicon wafer having the same 

diameter from the surface of which the native oxide 

10 film had been removed was brought into contact with the 

silicon wafer and bonded together by heat treatment to 

produce a multilayer structure. 

Water was blown onto a lateral side of the 

multilayer structure under high pressure by means of a 
15 water jet apparatus to make it driven into the 

multilayer structure like a wedge to peel the 

multilayer str~cture and remove the first substrate 

from the multilayer structure. 

As a result of the peeling, the epitaxial layer 
20 was transferred onto the second substrate. 

The porous layer remaining on the epitaxial layer 

was removed by wet etching and the second substrate was 

subjected to a hydrogen annealing process to obtain an 

SOI wafer. Then, a fully depletion type thin film 
25 transistor was prepared by using the SOI wafer. 

On the other hand, the exposed surface of the 

peeled first substrate was polished to remove the 



- 79 -

residual porous layer and smoothed. Then, the first 

substrate was subjected to an epitaxial growth process 

to obtain an epitaxial wafer having a p- epitaxial laye~ 

on the high concentration p-type substrate. It was 

5 found that a 600 nm thick oxide film had been formed on 

the wafer back surface as back shield. When an 

epitaxial wafer is used for preparing a device, a 

surface oxide film is formed on the surface opposite to 

the epitaxial layer and also on the lateral surfaces as 

10 a back shield in order prevent impurities from 

externally diffusing from the wafer. 

However, since a back shield had been formed on 

the rear surface opposite to the epitaxial layer and 

also on the lateral surface of the second substrate 

15 when the multilayer structure was peeled, the process 

of forming a back shield could be omitted from the 

device preparing process of the example. This was 

because such a back shield was formed on the rear 

surface and the lateral surfaces of the wafer in the 

20 step of oxidizing the surface of the epitaxial layer 

preceding the bonding step and during the heat 

treatment of the bonding step. A similar effect of 

forming a back shield was observed in the remaining 

examples. Note that the oxide film has a film 

25 thickness of 10 nm to 10 µm, preferably 100 nm to 3 µm. 

Thereafter, the epitaxial wafer was used to 

prepare a CMOS logic circuit. 
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A DRAM and other devices were formed on the 

epitaxial wafer to prove that it was useful for 

improving the quality, the yield and the reliability of 

manufacturing devices. 

The operation of epitaxial growth on the porous Si 

and that of epitaxial growth on the first substrate 

after the separation process may be conducted by means 

of the same CVD system to improve the operating 

efficiency of the CVD system that is costly in any 

10 sense of the word. 

(Example 3) 

P-type monocrystalline Si showing a specific 

resistance of 0.015 Q•cm was formed on a first 

monocrystalline Si substrate to a thickness of 15 µm by 

15 epitaxial growth, using a CVD technique and then 

anodized from the surf ace of the substrate in an HF 

solution. 

20 

25 

The conditions of the anodization are listed 

below. 

current density: 7 (mA· cm- 2
) 

anodizing solution: HF: H20: C2H50H = 1: 1: 

time: 11 (minutes) 

thickness of porous Si: 12 (µm) 

current density: 22 (mA• cm-2
) 

anodizing solution: HF: H20: C2H50H 1: 1: 

time: 2 (minutes) 

thickness of porous Si: 3 (µm) 

1 

1 
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Of the two porous Si layers, the upper one 

prepared by anodization, using a low current density, 

was used to form a high quality epitaxial Si layer, 

whereas the lower one prepared by anodization, using a 

5 high current density, was used as a separation layer. 

Therefore, they have their respective functions. 

The substrate was then oxidized for an hour in an 

oxygen atmosphere at 400 °C. As a result of oxidation, 

the inner walls of the pores of the porous Si layers 

10 were covered by thermally oxidized film. Then, 

monocrystalline Si was made to epitaxially grow to a 

thickness of 0.3 µm by means of CVD. The conditions of 

the epitaxial growth are listed below. Note that the 

above described hydrogen baking process, the process of 

15 supplying a small amount of raw material and the high 

temperature baking process may be conducted prior to 

the process of growing monocrystalline Si. 

20 

25 

source gas: SiH2Cl 2 I H2 

gas flow rate: 0.5 I 180 1 /min. 

gas pressure: 80 Torr 

temperature: 950 ac 

growth rate: 0.3 µm I min. 

Then, a 200nm thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

Thereafter, a silicon wafer having the same 

diameter from the surface of which the native oxide 

film had been removed was brought into contact with the 
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silicon wafer and bonded together by heat treatment to 

produce a multilayer structure. 

Water was blown onto a lateral side of the 

multilayer structure under high pressure by means of a 

5 water jet apparatus to make it driven into the 

multilayer structure like a wedge to peel the 

multilayer structure and remove the first substrate 

from the multilayer structure. As a result of the 

peeling, the epitaxial layer was transferred onto the 

10 second substrate. 

The porous layer remaining on the epitaxial layer 

was removed by wet etching and the second substrate was 

subjected to a hydrogen annealing process to obtain an 

SOI wafer. Then, a fully depletion type thin film 

15 transistor was prepared by using the SOI wafer. 

On the other hand, the exposed surface of the 

separated first substrate was polished to remove the 

residual porous layer and subjected to hydrogen 

annealing to obtain a bulk wafer having a flat surface. 
20 The obtained bulk wafer was then used to prepare a 

CMOS logic circuit. It may be needless to say that the 

bulk wafer may be sold at a price lower than the 

ordinary market price of a bulk wafer without using it 

to prepare a logic circuit. 

25 (Example 4) 

P-type monocrystalline Si showing a specific 

resistance of 0.015 Q·cm was formed on a first 
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monocrystalline Si substrate to a thickness of 16 µm by 
epitaxial growth, using a CVD technique and then 

anodized from the surface of the substrate in an HF 

solution. 

The conditions of the anodization are listed 
below. 

current density: 7 ( mA • crn- 2
) 

anodizing solution: HF: H20: C2H50H 1: 1: 1 

time: 11 (minutes) 

thickness of porous Si: 12 (µm) 

current density: 22 ( mA • cm-2
) 

anodizing solution: HF: H20: C 2H~jOH 1: 1: 1 

time: 2 (minutes) 

thickness of porous Si: 3 (µm) 

Of the two porous Si layers, the upper one 
prepared by anodization, using a low current density, 
was used to form a high quality epitaxial Si layer, 
whereas the lower one prepared by anodization, using a 
high current density, was used as a separation layer. 

20 Therefore, they have their respective functions. 

The substrate was then oxidized for an hour in an 
oxygen atmosphere at 400 •c. As a result of oxidation, 
the inner walls of the pores of the porous Si layers 
were covered by thermally oxidized film. Then, 

25 monocrystalline Si was made to epitaxially grow to a 
thickness of 0.3 µm by means of CVD. The conditions of 
the epitaxial growth are listed below. 
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SiH2Cl 2 / H2 

0.5 I 180 l /min. 

80 Torr 

950 °C 

0.3 µm I min. 

Then, a 200nm thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

Thereafter, a silicon wafer having the same 

diameter from the surface of which the native oxide 

10 film had been removed was brought into contact with the 

silicon wafer and bonded together by heat treatment to 

produce a multilayer structure. 

Water was blown onto a lateral side of the 

multilayer structure under high pressure by means of a 

15 water jet apparatus to make it driven into the 

multilayer structure like a wedge to peel the 

multilayer structure and remove the first substrate 

from the multilayer structure. As a result of the 

peeling, the epitaxial layer was transferred onto the 

20 second substrate. 

The porous layer remaining on the epitaxial layer 

was removed by wet etching and the second substrate was 

subjected to a hydrogen annealing process to obtain an 

SOI wafer. Then, a fully depletion type thin film 

25 transistor was prepared by using the SOI wafer. 

On the other hand, the exposed surface of the 

peeled first substrate was polished to remove the 
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residual porous layer and the epitaxial layer that had 

not been made porous and subjected to hydrogen 

annealing to externally disperse the residual epitaxial 

layer ~nd obtain a bulk wafer that performed 

5 substantially in the same level as an epitaxial wafer. 

The obtained bulk wafer was then used to prepare a 

CMOS logic circuit. 

(Example 5) 

A 200nm thick Si02 layer was formed on the surf ace 

10 of a first monocrystalline Si substrate by thermal 

oxidation. 

Then, H. ions were implanted into the first 

substrate from the surface thereof at a rate of 

5xl016cm-2 by applying a voltage of 40 keV so as ~o 

15 confine the projection range within the Si substrate. 

As a result, a strained layer was formed at the depth 

corresponding to the projection range as a microbubble 

layer or as a layer where the implanted ion seeds 

showed a high concentration, which then operated as a 

20 separation layer. 

Thereafter, a silicon wafer having the same 

diameter from the surface of which the native oxide 

film had been removed was brought into contact with the 

silicon wafer and bonded together by heat treatment at 

25 500 "C to produce a multilayer structure, which was 

then separated into the first substrate and the second 

substrate. 
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As a result of the split, the epitaxial layer was 

transferred onto the second substrate. 

The residual separation layer on the surface of 

the monocrystalline semiconductor layer transferred 

5 onto the second substrate was removed by hydrogen 

annealing and the surf ace was smoothed to produce an 

SOI wafer. Then, a fully depletion type thin film 

transistor was prepared by using the SOI wafer. 

On the other hand, the exposed surface of the 

10 separated first substrate was found to be carrying part 

of the separation layer, which was then removed by 

hydrogen annealing. Then, the surface was smoothed to 

produce a bulk wafer. Subsequently, a low 

concentration p-type epitaxial layer was formed thereon 

15 to obtain an epitaxial wafer. 

(Example 6) 

Monocrystalline Si was made to epitaxially grow on 

a first monocrystalline Si substrate to a thickness of 

1 µm by means of CVD. The conditions of the epitaxial 

20 growth are listed below. 

25 

source gas: 

gas flow rate: 

gas pressure: 

SiH2Cl2 I H2 

0.5 / 180 1 /min. 

80 Torr 

temperature: 950 °C 

growth rate: 0.30 µm / min. 

Then, a 200nm thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 
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Then, H. ions were implanted into the first 

substrate from the surface thereof at a rate of 

5xl0 16cm- 2 by applying a voltage of 40 keVso as to 

confine the projection range within the Si substrate. 

5 As a result, a strained layer was formed at the depth 

corresponding to the projection range as a microbubble 

layer or as a layer where the implanted ion seeds 

showed a high concentration, which then operated as a 

separation layer. 

10 Subsequently, a silicon wafer (second substrate) 

having the same diameter and carrying an oxide film 

formed on the surface thereof was treated by nitrogen 

plasma at the surface to be bonded thereof and then the 

first and second substrate were brought to contact each 

15 other and bonded together to produce a multilayer 

structure. A water jet was blown onto a lateral side 

of the multilayer structure and driven toward the 

center of the multilayer structure to separate it into 

the first and second substrates. 

20 As a result of the split, the epitaxial layer was 

transferred onto the second substrate. 

The residual separation layer on the surface of 

the epitaxial layer transferred onto the second 

substrate was removed by hydrogen annealing and the 

25 surface was smoothed to produce an SOI wafer. Then, a 

fully depletion type thin film transistor was prepared 

by using the SOI wafer. 
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On the other hand, the exposed surface of the 

separated first substrate was found to be carrying the 

epitaxial layer and part of the separation layer 

thereon, which was then removed by hydrogen annealing. 

5 Then, the surface was smoothed to obtain a bulk wafer. 

The bulk wafer had a surf ace layer produced by hydrogen 

annealing the epitaxial layer and hence performed 

substantially in the same level as an epitaxial wafer. 

The obtained bulk wafer was then used to prepare a 

10 CMOS logic circuit. 

(Example 7) 

15 

A lOOnm thick Si02 layer was formed on the surface 

of a first monocrystalline substrate by thermal 

oxidation. 

Then, H" ions were implanted into the first 

substrate from the surface thereof at a rate of 

5xl016cm-2 by applying a voltage of 30 keV so as to 

confine the projection range within the Si substrate. 

As a result, a strained layer was formed at the dep~h 

20 cbrresponding to the projection range as a microbubble 

layer or as a layer where the implanted ion seeds 

showed a high concentration, which then operated as a 

separation layer. 

After removing the surface oxide film, amorphous 

25 Si or polycrystalline Si was made to grow on the 

surf ace of the monocrystalline Si to a thickness of 

0.30 µm by means of CVD. The conditions of the growth 
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gas seeds: 

gas pressure: 

temperature: 
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SiH4 

760 Torr 

400 °C 

Thereafter, a 200nm thick Si02 layer was formed on 

the surface. 

Then, a silicon wafer having the same diameter 

from the surface of which the native oxide film had 

been removed was brought into contact with the silicon 

10 wafer and bonded together by heat treatment at 600 °C 

to produce a multilayer structure, which was 

subsequently separated into the first and second 

substrates. 

As a result of the split, the monocrystalline 

15 semiconductor layer formed by epitaxial growth was 

transferred onto the second substrate. The residual 

separation layer on the surface of the monocrystalline 

semiconductor layer transferred onto the second 

substrate was removed by hydrogen annealing and the 

20 surface was smoothed to produce an SOI wafer. Then, a 

fully depletion type thin film transistor was prepared 

by using the SOI wafer. 

On the other hand, the exposed surface of the 

separated first substrate was found to be carrying part 

25 of the separation layer, which was then removed by 

hydrogen annealing. Then, the surface was smoothed to 

obtain a bulk wafer. For the purpose of the invention, 
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the residue may be removed entirely or partly prior to 

the hydrogen annealing by polishing or etching. 

The obtained bulk wafer was then used to prepare a 

CMOS logic circuit. 

5 (Example 8) 

A first p-type monocrystalline Si substrate 

showing a specific resistance between 0.01 and 0.02 

O·cm was anodized in an HF solution. 

The conditions of the anodization are listed 

10 below. 

15 

current density: 

anodizing solution: 

7 (mA•cm-2
) 

HF: H20: C2H50H 

time: 11 (minutes) 

thickness of porous Si: 12 {µm) 

1: 1: 1 

The substrate was then oxidized for an hour in an 

oxygen atmosphere at 400 °c. As a result of oxidation, 

the inner walls of the pores of the porous Si layer 

were covered by thermally oxidized film. 

Then, ions were implanted into the first substrate 

20 from the surface thereof so as to confine the 

projection range within the porous Si layer (or to the 

porous Si/substrate interface). As a result, a 

strained layer was formed at the depth corresponding to 

the projection range as a microbubble layer or as a 

25 layer where the implanted ion seeds showed a high 

concentration, which then operated as a separation 

layer. 
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Then, rnonocrystalline Si was made to epitaxially 

grow to a thickness of 0.3 µm on the porous Si layer by 

means of CVD. The conditions of the epitaxial growth 

are listed below. Note that the above described 

5 hydrogen baking process, the process of supplying a 

small amount of raw material and the high temperature 

baking process may be conducted prior to the process of 

growing monocrystalline Si. 

source gas: SiH2Cl 2 I H2 

10 gas flow rate: 0.5 / 180 1 /min. 

gas pressure: 

temperature: 

growth rate: 

80 Torr 

950 ·c 

0.3 µm / min. 

Then, a 200nm thick Si02 layer was formed on the 

15 surface of the epitaxial Si layer by thermal oxidation. 

Thereafter, a silicon wafer having the same diameter 

from the surface of which the native oxide film had 

been removed was brought into contact with the silicon 

wafer and bonded together by heat treatment to produce 

20 a multilayer structure. 

Water was blown onto a lateral side of the 

multilayer structure under high pressure by means of a 

water jet apparatus to make it driven into the 

multilayer structure like a wedge to peel the 

25 multilayer structure and remove the first substrate 

from the multilayer structure. As a result of the 

peeling, the epitaxial layer was transferred onto the 
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second substrate. 

The porous layer remaining on the epitaxial layer 

was removed by wet etching and the second substrate was 

subjected to a hydrogen annealing process to obtain an 

5 SOI wafer. Then, a fully depletion type thin film 

transistor was prepared by using the SOI wafer. 

On the other hand, the exposed surface of the 

peeled first substrate was subjected to an epitaxial 

growth process to obtain an epitaxial wafer. Note that 

10 the residual porous layer may be completely removed 

before the epitaxial growth process. 

The obtained epitaxial wafer was then used to 

prepare a CMOS logic circuit. 

A DRAM and other devices were formed on the 

15 epitaxial wafer to prove that it was useful for 

improving the quality, the yield and the reliability of 

manufacturing devices. 

(Example 9) 

A first p-type monocrystalline Si substrate 

20 sh.owing a specific resistance of 0.01 Q·cm was 

anodized in an HF solution. 

25 

The conditions of the anodization are listed 

below. 

current density: 

anodizing solution: HF:H20:C2H50H 1: 1: 1 

time: 12 (minutes) 

thickness of porous Si: 11 (µm) 
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The substrate was then oxidized for an hour in an 

oxygen atmosphere at 400 °C. As a result of oxidation, 

the inner walls of the pores of the porous Si layer 

were covered by thermally oxidized film. Then, 

5 rnonocrystalline Si was made to epitaxially grow to a 

thickness of 0.3 µm on the porous Si layer by means of 

CVD. The conditions of the epitaxial growth are listed 

below. Note that the above described hydrogen baking 

process, the process of supplying a small amount of raw 

10 material and the high temperature baking process may be 

conducted prior to the process of growing 

monocrystalline Si. 

15 

20 

source gas: SiH2Cl 2 I Hz 

gas flow rate: 0.5 I 180 1 /min. 

gas pressure: 80 Torr 

temperature: 950 ·c 

growth rate: 0.3 µm I min. 

Then, a 200nm thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

Then, ions were implanted into the first substrate 

from the surface thereof so as to confine the 

projection range to the epitaxial layer/porous Si layer 

interface (or the porous Si/substrate interface or 

within the porous Si layer). As a result, a strained 

25 layer was formed at the depth corresponding to the 

projection range as a microbubble layer or as a layer 

where the implanted ion seeds showed a high 
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concentration, which then operated as a separation 

layer. 

Thereafter, a silicon wafer having the same 

diameter from the surface of which the native oxide 

5 film had been removed was brought into contact with the 

silicon wafer and bonded together by heat treatment at 

1,000 °C to produce a multilayer structure, which was 

then separated. As a result of the separation, the 

epitaxial layer was transferred onto the second 

10 substrate. 

Since practically no porous layer was remaining on 

the epitaxial layer, the second substrate was subjected 

to a hydrogen annealing process to obtain an SOI wafer 

without wet etching. Then, a fully depletion type thin 

15 film transistor was prepared by using the SOI wafer. 

On the other hand, the exposed surface of the 

separated first substrate was polished to obtain a bulk 

wafer. 

The obtained bulk wafer was then used to prepare a 

20 CMOS logic circuit. 

In stead of bonding the second substrate of any of 

the above examples, polycrystalline silicon may be 

formed on the uppermost surface of the first substrate 

to a thickness of 200 to 800 microns by means of a 

25 deposition technique such as CVD. Still alternatively, 

the obtained structure may be split into a plurality of 

different wafers, which may be used for respective 
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(Example 10) 

- ~5 -. 

An epitaxial growth layer was formed to a 

thickness of 1 µm on the surface of a first p-type 

5 monocrystalline Si substrate by means of CVD. During 

this process, the concentration of diborane added as a 

dopant was regulated to make it a p·· Si layer showing a 

specific resistance of 0.015 Q·cm. The thickness of 

the wafer was 6.34 µm. 

10 

15 

Then, the epitaxial layer was anodized in a 

mixture solution of HF and ethanol. 

The conditions of the anodization are listed 

below. 

current density: 

anodizing solution: 

time: 

7 ( mA · crn- 2 
) 

HF: H20: C2H50H 

12 (minutes) 

1: 1: 1 

It was proved by observing a cross section of a 

specimen of the anodization product through a high 

resolution scanning electron microscope that a 10 µm 

20 thick porous layer had been formed with a porosity of 

20%. 

The wafer was then treated at 400 °C for an hour 

in an oxygen atmosphere and immersed into a 1.25% 

aqueous solution of HF for 30 seconds to remove the 

25 very thin silicon oxide film on the surface. Then, the 

wafer was put into an epitaxial growth apparatus to 

produce a 0.3 µm thick monocrystalline Si layer by 



epitaxial growth, using a CVD (chemical vapor 

deposition) technique. The conditions of the epitaxial 

growth are listed below. Note that the above described 

hydrogen baking process, the process of supplying a 

5 small amount of raw material and the high temperature 

baking process may be conducted prior to the process of 

growing monocrystalline Si. 

10 

15 

source gas: SiH2Cl2 I H2 

gas flow rate: 0.2/ 180 1 /min. 

gas pressure: 760 Torr 

temperature: 1,060 oc 

growth rate: 0.15 µm I min. 

Then, a 200nrn thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

The wafer was then placed on another Si substrate 

(support substrate) with the surface of the Si02 layer 

facing the surf ace of the support substrate and they 

were brought into mutual contact. Thereafter, they are 

annealed at 1,180 °c for 5 minutes to find that they 

20 were firmly bonded to each other. 

The bonded wafers were forcibly separated along 

the highly porous layer. Various techniques may be 

used to separate them apart including application of 

pressure, application of tensile or shearing force, 

25 application of external pressure by means of a wedge, 

application of ultrasonic waves, application of heat, 

generating internal pressure within the porous Si layer 
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by causing it to expand through oxidation, application 

of a pulse of heat to generate thermal stress in the 

inside and softening. As a matter of fact it was 

possible to separate them by any of the above listed 

5 techniques. Subsequently, the support substrate was 

immersed into an aqueous solution of a mixture of HF 

and hydrogen peroxide to find that the residual porous 

silicon layer was removed from the surface in about 60 

minutes to produce an SOI wafer. 

10 Then, the obtained wafer was heat treated at 1,100 

°C for 4 hours in a hydrogen atmosphere. 

The surf ace roughness was observed through an 

atomic force microscope to find that the root means 

square roughness was 0.2nm within an area of 50 µm 

15 square, which was substantially equal to the root mean 

square roughness of commercially available Si wafers. 

The specimen was also observed for the crystal defect 

density to find that the multilayer defect density was 

50 defects/cm-2
• In other words, a low defect density 

20 rnonocrystalline Si layer was formed on the silicon 

oxide film layer. 

A similar result was obtained when an oxide film 

was formed not on the surface of the epitaxial layer 

but on the surface of the second substrate or on the 

25 surfaces of both of them. 

The residual porous layer on the first substrate 

was immersed into an aqueous solution of a mixture of 
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HF and hydrogen peroxide to find that it was removed in 

about 30 minutes. The 1 µm thick epitaxial layer on 

the first p-type monocrystalline Si substrate was then 

subjected to hydrogen annealing to reduce the impurity 

5 concentration. Then, the substrate was used to prepare 

a CMOS logic circuit. 

A DRAM and other devices were formed on the 

epitaxial wafer to prove that it was useful for 

improving the quality, the yield and the reliability of 

10 manufacturing devices. 

(Example 11) 

An epitaxial growth layer was formed to a 

thickness of 3 µm on the surface of a first p-type 

monocrystalline Si substrate by means of CVD. During 

15 this process, the concentration of diborane added as a 

dopant was made to vary in order to produce a 2 µm 

thick upper surface p .. Si layer showing a specific 

resistance of 0.015 Q•cm and a 1 µm thick lower surface 

p· Si layer showing a specific resistance of 0.5 O·cm. 

20 During the epitaxial growth, a source gas of 

SiH 2Cl 2 I H2 was supplied at a temperature of 1,110 ·c 
under a pressure of 760Torr, while letting a dopant of 

1% B2H6 flow at 60 seem for the p·· Si layer and at 0.1 

seem for the p• Si layer at a growth rate of 3.33 µm/min 

25 for the epitaxial layer. 

Then, the epitaxial layer was anodized in a 

mixture solution of HF and ethanol. 
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The conditions of the anodization are listed 

below. 

current density: 

anodizing solution: 

time: 

7 ( mA · cm- 2
) 

HF: H20: C2H50H 

4 (minutes) 

l: l: 1 

It was proved by observing a cross section of a 

specimen of the anodization product through a high 

resolution scanning electron microscope that a low 

porosity layer of a porosity of 20% and a high porosity 

10 layer of a porosity of 50% had been formed respectively 

in the 2 µm thick upper surface and the 0.5 µm thick 

lower surface layer of p• Si layer. The thin high 

porosity layer was obviously structurally very fragile. 

The wafer was then treated at 400 °C for an hour 

15 in an oxygen atmosphere and immersed into a 1.25% 

aqueous solution of HF for 30 seconds to remove the 

very thin silicon oxide film on the surface. Then, the 

wafer was put into an epitaxial growth apparatus to 

produce a 0.3 µm thick monocrystalline Si layer by 

20 epitaxial growth, using a CVD (chemical vapor 

deposition) technique. The conditions of the epitaxial 

growth are listed below. Note that the above described 

hydrogen baking process, the process of supplying a 

small amount of raw material and the high temperature 

25 baking process may be conducted prior to the process of 

growing monocrystalline Si. 
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source gas: SiH2Cl2 I H2 

gas flow rate: 0.2/ 180 1 /min. 

gas pressure: 760 Torr 

temperature: 1,060 oc 

growth rate: 0.15 µm I min. 

Then, a 200nm thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

The wafer was then placed on another Si substrate 

(support substrate) with the surface of the Si02 layer 

10 facing the surface of the support substrate and they 

were brought into mutual contact. Thereafter, they are 

annealed at 1,180 •c for 5 minutes to find that they 

were firmly bonded to each other. 

The bonded wafers were forcibly separated along 

15 the highly porous layer. Various techniques may be 

used to separate them apart including application of 

pressure, application of tensile or shearing force, 

application of external pressure by means of a wedge, 

application of ultrasonic waves, application of heat, 

20 generating internal pressure within the porous Si layer 

by causing it to expand through oxidation, application 

of a pulse of heat to generate thermal stress in the 

inside and softening. As a matter of fact it was 

possible to separate them by any of the above listed 

25 techniques. 

Subsequently, the support substrate was immersed 

into an aqueous solution of a mixture of HF and 
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hydrogen peroxide to find that the residual porous 

silicon layer was removed from the surf ace in about 60 

minutes to produce an SOI wafer. 

Then, the obtained wafer was heat treated at 1,100 

5 •c for 4 hours in a hydrogen atmosphere. The surface 

roughness was observed through an atomic force 

microscope to find that the root means square roughness 

was 0.2nm within an area of 50 µrn square, which was 

substantially equal to the root mean square roughness 

10 of commercially available Si wafers. The specimen was 

also observed for the crystal defect density to find 

that the multilayer defect density was 50 defects/cm2
• 

In other words, a low defect density 

monocrystalline Si layer was formed on the silicon 

15 oxide film layer. 

20 

A similar result was obtained when an oxide film 

was formed not on the surface of the epitaxial layer 

but on the surface of the second substrate or on the 

surfaces of both of them. 

The residual porous layer on the first substrate 

was immersed into an aqueous solution of a mixture of 

HF and hydrogen peroxide to find that it was removed in 

about 30 minutes. Then, an epitaxial layer was made to 

grow with a boron concentration lower than that of the 

25 first p-type monocrystalline Si substrate in order to 

produce an epi-wafer. The epi-wafer was used to 

prepare a CMOS logic circuit. 
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A DRAM and other devices were formed on the 

epitaxial wafer to prove that it was useful for 

improving the quality, the yield and the reliability of 

manufacturing devices. 

5 (Example 12) 

10 

Monocrystalline Si was made to epitaxially grow on 

a first monocrystalline Si substrate to a thickness of 

1 µm by means of CVD. The conditions of the epitaxial 

growth are listed below. 

source gas: 

gas flow rate: 

gas pressure: 

temperature: 

growth rate: 

SiH2Cl2 I H2 

0.5 I 180 1 /min. 

80 Torr 

950 °C 

0.30 µm I min. 

15 More specifically, the initial 0.5 microns of the 

height was a p- layer of 1 Q•cm formed by using B2H6 as 

a dopant, while the upper 0.5 microns of the height was 

a N- layer of 1 Q•cm formed by using PH3 as a dopant. 

Then, a 200nm thick Si02 layer was formed on the 

20 surface of the epitaxial Si layer by thermal oxidation. 

Then, H• ions were implanted into the first 

substrate from the surf ace thereof at a rate of 

5xl016crn- 2 by applying a voltage of 70 keV so as to 

confine the projection range within the epitaxial 

25 layer. As a result, a strained layer was formed at 

the depth corresponding to the projection range which 

was close to the p-;N- interface as a microbubble layer 
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or as a layer where the implanted ion seeds showed a 

high concentration, which then operated as a separation 

layer. 

Subsequently, a silicon wafer (second substrate) 

5 having the same diameter was treated by nitrogen plasma 

at the surface to be bonded thereof and then the first 

and second substrate were brought to contact each other 

and bonded together to produce a multilayer structure, 

which may or may not be heat treated at about 200 °c. 

10 A water jet was blown onto a lateral side of the 

multilayer structure and driven toward the center of 

the multilayer structure to separate it into the first 

and second substrates. 

The two substrates could also be separated by heat 

15 treatment at 500 °c or by utilizing the effect of 

crystal rearrangement or that of pressure within 

microbubbles. 

20 

As a result, the N- rnonocrystalline semiconductor 

layer was transferred onto the second substrate. 

The residual separation layer on the epitaxial 

layer that had been transferred onto the second 

substrate was removed by hydrogen annealing and the 

surface of the epitaxial layer was smoothed to obtain 

an SOI wafer. A similar SOI wafer could be prepared by 

25 touch polishing of the surface in place of hydrogen 

annealing. Then, the wafer was used to prepare a fully 

depletion type thin film transistor. 
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On the other hand, the separated first substrate 

carried the p- epitaxial layer and a residue of the 

separation layer on the surface thereof, which was then 

removed by hydrogen annealing. Then, the surface of 

5 the substrate was smoothed to obtain an epi-wafer. A 

similar epi-wafer could be prepared by touch polishing 

of the surface in place of hydrogen annealing. Since 

the bulk wafer had a layer formed by hydrogen annealing 

of the epitaxial layer on the surface, it performed 

10 like an epitaxial wafer. An epi-wafer that is 

currently most popular as p- epitaxial/P• wafer was 

obtained by using a p• substrate for the first Si wafer. 

The epi-wafer was then used to prepare a CMOS logic 

circuit. 

15 A DRAM and other devices were formed on the 

epitaxial wafer to prove that it was useful for 

improving the quality, the yield and the reliability of 

manufacturing devices. 

(Example 13) 

20 p- monocrystalline Si was formed to a thickness of 

25 

1 µm by epitaxial growth by means of CVD to make it 

show a specific resistance of about 18 O·cm on a first 

p• rnonocrystalline Si substrate showing a specific 

resistance between 0.01 and 0.02 Q•cm. 

The conditions of the epitaxial growth are listed 

below. 
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source gas: SiH2Cl 2 I H2 

gas flow rate: 0.5 I 180 l /min. 

gas pressure: 80 Torr 

temperature: 950 oc 

growth rate: 0.30 µm I min. 

Then, a 200nm thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

Then, H0 ions were implanted into the first 

substrate from the surface thereof at a rate of 

10 5xl0 16crn- 2 by applying a voltage of 40 keVso as to 

confine the projection range within the epitaxial 

layer. As a result, a strained layer was formed at 

the depth corresponding to the projection range as a 

microbubble layer or as a layer where the implanted ion 

15 seeds showed a high concentration, which then operated 

as a separation layer. 

Subsequently, a silicon wafer (second substrate) 

having the same diameter was treated by nitrogen plasma 

at the surface to be bonded thereof and then the first 

20 and second substrate were brought to contact each other 

and bonded together to produce a multilayer structure. 

A water jet was blown onto a lateral side of the 

multilayer struct~re and driven toward the center of 

the multilayer structure to separate it into the first 

25 and second substrates. The two substrates could also 

be separated by heat treatment. 

As a result, the rnonocrystalline semiconductor 
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layer was transferred onto the second substrate. 

The residual separation layer on the surf ace of 

the epitaxial layer that had been transferred onto the 

second substrate was removed by hydrogen annealing and 

5 the surface of the epitaxial layer was smoothed to 

obtain an SOI wafer. Then, the SOI wafer was used to 

prepare a fully depletion type thin film transistor. 

Thus, a p· substrate can be used for preparing an SOI 

wafer by implanting hydrogen ions if an epi-layer is 

10 utilized. 

On the other hand, the separated first substrate 

carried the epitaxial layer and a residue of the 

separation layer on the surface thereof, which was then 

removed by hydrogen annealing. Then, the surface of 

15 the substrate was smoothed to obtain a bulk wafer. 

Since the bulk wafer had a layer formed by hydrogen 

annealing of the epitaxial layer on the surface, it 

performed like an epitaxial wafer. 

The epi-wafer was then used to prepare a CMOS 

20 logic circuit. 

(Example 14) 

25 

The surface of a first monocrystalline Si 

substrate was subjected to an anodization process in an 

HF solution. 

The conditions of the anodization are listed 

below. 

The conditions for preparing a first porous layer 
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to be prepared first and used as the uppermost layer: 

current density: 1 ( rnA · cm- 2
) 

anodizing solution: 

time: 

HF: H20: C 2H50H 

0.1 (minutes) 

thickness of porous Si: 0.02 (µm) 

1: 1: 1 

The conditions for preparing a second porous layer 

to be prepared next: 

current density: 

anodizing solution: 

time: 

5 0 ( mA • cm- 2 
) 

HF: H20: C2H50H = l: 1: 1 

5 (seconds) 

thickness of porous Si: 0.1 (µm) 

The conditions for preparing a third porous layer 

to be prepared last: 

current density: 

anodizing solution: 

7 ( mA · cm- 2
) 

HF: H20: C2H50H = 1 : 1 : 1 

time: 1 (minutes) 

thickness of porous Si: 1 (µm) 

As a result of the anodization, the second porous 

layer that was thicker than the first porous layer and 

20 prepared with a current density of 50 {mA·cm-2
) showed 

the highest porosity of all the porous Si layers and 

hence was structurally most fragile. 

The substrate was then oxidized for an hour in an 

oxygen atmosphere at 400 °c. As a result of oxidation, 

25 the inner walls of the pores of the porous Si layer 

were covered by thermally oxidized film. The wafer was 

placed in an epitaxial growth apparatus filled with a 
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hydrogen atmosphere and baked at 1,040 °C for 5 

minutes. As a result of the heat treatment (baking), 

the surface pores of the uppermost porous Si layer were 

filled. Then, the uppermost surface layer that was the 

5 first porous Si layer prepared with a current density 

of 1 (mA·cm-2
) was transformed into a non-porous layer 

through migration of Si atoms. 

Subsequently, monocrystalline Si was made to 

epitaxially grow on the porous Si having a non-porous 

10 surface to a thickness of 0.3 µm by means of CVD 

(chemical vapor deposition). The conditions of the 

epitaxial growth are listed below. 

source gas: SiH2Cl 2 I H2 

gas flow rate: 0.5 I 180 1 /min. 

15 gas pressure: 80 Torr 

temperature: 950 ·c 
growth rate: 0.30 µm I min. 

Then, a 200nrn thick Si02 layer was formed on the 

surface of the epitaxial Si layer by thermal oxidation. 

20 Subsequently, another silicon substrate (second 

substrate) was brought in and then the first and second 

substrate were brought to contact each other and heat-

treated at 1,180 °C for 5 minutes to find that they 

were firmly bonded together. 

25 Then, external force was applied to the bonded 

substrates. As a result, the second porous layer 

showing the highest porosity was destroyed and the two 
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substrates were separated along the interface of the 

non-porous layer and the adjacent porous layer. 

Thus, a 0.2 µm thick monocrystalline Si layer was 

formed on the Si oxide film of the second substrate to 

5 produce an SOI substrate. No porous Si was found 

remaining on the surface of the monocrystalline Si 

layer (separation layer). By separating the two 

substrates along the interface of the non-porous layer 

and the adjacent porous layer, it is now possible to 

10 omit various steps that are normally required to obtain 

an SOI layer having a smooth surface. 

More specifically, the two substrates could be 

separated apart along the interface because stress can 

be intensively generated at and near the interface. 

15 This technique of intensively generating stress along 

an interface can also be used for a hetero-epitaxial 

film such as SiGe on silicon. 

The porous Si remaining on the first substrate was 

selectively etched out by immersing it into an aqueous 

20 solution of a mixture of 49% hydrofluoric acid and 30% 

hydrogen peroxide to produce a bulk wafer having a 

smooth surface. It was used as a device forming wafer 

or a monitor wafer without being used as first or 

second substrate as~described above. 

25 As discussed above in detail, the present 

invention provides a method of manufacturing high 

quality semiconductor wafers on a mass production basis 
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with an enhanced degree of reproducibility. A method 

of manufacturing semiconductor wafers according to the 

invention can provide high quality SOI wafers that can 

be efficiently used and reused without affecting the 

5 supply of wafers to the market. 
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WHAT IS CLAIMED IS: 

1. A process for manufacturing a semiconductor 

wafer, comprising the steps of: 

preparing a first member which has a semiconductor 

5 layer on a semiconductor substrate; 

transferring said semiconductor layer onto a 

second member via separating said semiconductor layer 

from said first member; and 

smoothing the surf ace of said semiconductor 

10 substrate after said transferring step so as to use 

said semiconductor substrate as a semiconductor wafer 

for purposes other than forming said first and second 

members. 

15 2. A process for manufacturing a semiconductor 

wafer, comprising the steps of: 

preparing a first member which has a semiconductor 

layer on a semiconductor substrate with a separation 

layer arranged therebetween; 

20 transferring said semiconductor layer onto a 

second member via separating said semiconductor layer 

through said separation layer; and 

smoothing the surface of said semiconductor 

substrate after said transferring step so as to use 

25 said semiconductor substrate as a semiconductor wafer 

for purposes other than forming said first and second 

members. 
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3. A process for manufacturing a semiconductor 

wafer, comprising the steps of: 

preparing a first member which has a semiconductor 

layer on a p-type semiconductor substrate; 

5 separating said semiconductor layer from said 

first member to transfer the semiconductor layer onto a 

second member, thereby forming a first semiconductor 

wafer; and 

conducting epitaxial growth of a low concentration 

10 p-type semiconductor layer on said p-type semiconductor 

substrate from which said semiconductor layer has been 

separated, said low concentration p-type semiconductor 

layer having an impurity concentration, which defines 

p-type conductivity, lower than that of said p-type 

15 semiconductor substrate. 

4. A process for manufacturing a semiconductor 

wafer, comprising the steps of: 

preparing a first member which has a semiconductor 

20 layer on a p-type semiconductor substrate with a 

separation layer arranged therebetween; 

separating said semiconductor layer through said 

separation layer to transfer the semiconductor layer 

onto a second member, thereby forming a first 

25 semiconductor wafer; and 

conducting epitaxial growth of a low concentration 

p-type semiconductor layer on said p-type semiconductor 
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substrate which has been separated through said 

separation layer, said low concentration p-type 

semiconductor layer having impurity concentration, 

which defines p-type conductivity, lower than that of 

5 said p-type semiconductor substrate. 

5. A process for manufacturing a semiconductor 

wafer, comprising the steps of: 

forming a separation layer within a p-type 

10 semiconductor substrate to form a first member which 

has a semiconductor layer on said separation layer; 

separating said semiconductor layer through said 

separation layer to transfer the semiconductor layer 

onto a second member, thereby forming a first 

15 semiconductor wafer; and 

conducting epitaxial growth of a low concentration 

p-type semiconductor layer on said p-type semiconductor 

substrate which has been separated through said 

separation layer, said low concentration p-type 

20 semiconductor layer having impurity concentration, 

which defines p-type conductivity, lower than that of 

said p-type semiconductor substrate. 

6. A process for manufacturing a semiconductor 

25 wafer, comprising the steps of: 

preparing a first member which has a semiconductor 

layer on a p-type semiconductor substrate with a 
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separation layer arranged therebetween; 

bonding said first member with a second member to 

form a multilayer structure; 

conducting heat-treatment of said multilayer 

5 structure under an oxidizing atmosphere 

separating said multilayer structure through said 

separation layer to transfer said semiconductor layer 

onto a second member, thereby forming a first 

semiconductor wafer; and 

10 conducting epitaxial growth of a low concentration 

p-type semiconductor layer on said p-type semiconductor 

substrate which has been separated through said 

separation layer, said low concentration p-type 

semiconductor layer having impurity concentration, 

15 which defines p-type conductivity, lower than that of 

said p-type semiconductor substrate. 

7. A process for manufacturing a semiconductor 

wafer, comprising the steps of: 

20 preparing a first member which has at least a 

first semiconductor layer comprising an epitaxial 

semiconductor layer having impurity concentration, 

which defines p-type conductivity, lower than that of a 

p-type semiconductor substrate; a separation layer; and 

25 a second semiconductor layer; arranged on said p-type 

semiconductor substrate in the order as mentioned; and 

forming a first semiconductor wafer via 
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transferring said second semiconductor layer onto a 

second member through the separation step of separating 

said second semiconductor layer through said separation 

layer, and forming a second semiconductor wafer having 

5 said first semiconductor layer on said p-type 

semiconductor substrate. 

8. A process for manufacturing a semiconductor 

wafer, comprising the steps of: 

10 forming at least a first semiconductor layer 

comprising an epitaxial semiconductor layer having 

impurity concentration, which defines p-type 

conductivity, lower than that of a p-type semiconductor 

substrate; and a second semiconductor layer comprising 

15 an epitaxial semiconductor layer having impurity 

concentration, which defines p-type conductivity, 

higher than that of said first semiconductor layer; 

arranged on said p-type semiconductor substrate in the 

order as mentioned; making said second semiconductor 

20 layer and part of said first semiconductor layer 

porous; and forming a third semiconductor layer onto 

said second semiconductor layer made porous; thereby 

forming a first member; and 

transferring said third semiconductor layer onto 

25 said second member to form a first semiconductor wafer, 

and forming a second semiconductor wafer comprising 

said p-type semiconductor substrate having said first 
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semiconductor layer. 

9. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 1 to 8, wherein 

5 said semiconductor substrate, said p-type semiconductor 

substrate, and said p-type silicon substrate are each 

selected from the group consisting of a CZ silicon 

wafer, an FZ silicon wafer, an epitaxial silicon wafer, 

and a hydrogen-annealed silicon wafer. 

10 

10. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 1 to 6, wherein 

said semiconductor 

layer is selected from the group consisting of a 

15 monocrystalline semiconductor layer, a polycrystalline 

semiconductor layer, and an amorphous semiconductor 

layer. 

11. A process for manufacturing a semiconductor 

20 wafer as defined in any one of claims 2, 4, 5, 6, and 

7, wherein said separation layer is selected from the 

group consisting of a porous layer and a microbubble 

layer. 

25 12. A process for manufacturing a semiconductor 

wafer as defined in claim 8, wherein said 

separation layer and said layer made porous is 
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each formed by anodization treatment. 

13. A process for manufacturing a semiconductor 

wafer as defined in claim 11, wherein said separation 

5 layer is formed by 

ion implantation using a gas selected from the group 

consisting of hydrogen, nitrogen, and rare gas. 

14. A process for manufacturing a semiconductor 

10 wafer as defined in claim 13, wherein said ion 

implantation is plasma immersion ion implantation. 

15. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 2, 4, 5, 6, and 

15 7, wherein said first member is obtained by forming a 

porous layer serving as said separation layer on the 

surf ace of said semiconductor substrate followed by 

forming said semiconductor layer on the surf ace of said 

porous layer. 

20 

16. A process for manufacturing a semiconductor 

wafer as defined in claim 15, comprising the additional 

step of forming a protection layer on the walls of the 

pores in said porous layer prior to the formation of 

25 said semiconductor layer. 

17. A process for manufacturing a semiconductor 
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wafer as defined in claim 15, comprising the additional 

step of conducting heat-treatment on said porous layer 

under a reducing atmosphere containing hydrogen prior 

to the formation of said semiconductor layer. 

5 

18. A process for manufacturing a semiconductor 

wafer as defined in claim 15, comprising the step of 

forming said semiconductor layer by supplying a small 

amount of raw material gas for said semiconductor layer 

10 at a growth rate of 20 mm/min. or lower. 

19. A process for manufacturing a semiconductor 

wafer as defined in claim 15, comprising the additional 

step of sealing the surface said porous layer followed 

15 by conducting heat-treatment at a temperature higher 

than that for said sealing step prior to the formation 

of said semiconductor layer, said sealing step 

comprising the steps of conducting heat-treatment on 

said porous layer under a hydrogen reducing atmosphere 

20 and/or supplying a small amount of raw material gas for 

said semiconductor layer. 

20. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 2, 4, 5, 6, and 

25 7, wherein said first member is obtained by implanting 

at least one ion selected from the group consisting of 

hydrogen, nitrogen, and rare gas 
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into the surf ace of said semiconductor substrate to 

form an ion-implanted layer serving as said separation 

layer within said semiconductor substrate. 

21. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 2, 4, 5, 6, and 

7, wherein said first member is obtained by forming an 

insulating layer followed by forming an ion-implanted 

layer serving as said separation layer within said 

10 semiconductor substrate. 

22. A process for manufacturing a semiconductor 

wafer as defined in claim 1 or 2, wherein said 

semiconductor substrate comprising said first member is 

15 selected from the group consisting of a p•-silicon wafer 

and a p--silicon wafer. 

23. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 2, 4, 5, 6, and 

20 7, wherein said first member is obtained by the steps 

of forming an epitaxial layer on said semiconductor 

substrate, forming said separation layer by making the 

surface of said epitaxial layer porous, and then 

forming said semiconductor layer on the surface of said 

25 separation layer. 

24. A process for manufacturing a semiconductor 
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wafer as defined in claim 23, wherein the surface of 

said epitaxial layer is made porous such that the 

thickness of the remaining epitaxial layer on said 

semiconductor substrate is between 100 nm and 20 µm. 

5 

25. A process for manufacturing a semiconductor 

wafer as defined in claim 23, wherein said epitaxial 

layer is a p• layer in which the concentration of boron 

is between 1 x 1017crn-3 and 1 x 1020cm- 3
• 

10 

26. A process for manufacturing a semiconductor 

wafer as defined in claim 1 or 2, wherein said 

transferring step comprises the steps of bonding said 

first member with said second member so as to arrange 

15 said semiconductor layer inside to form a multilayer 

structure and separating said multilayer structure. 

27. A process for manufacturing a semiconductor 

wafer as defined in claim 26, wherein said bonding step 

20 is conducted through an insulating layer. 

28. A process for manufacturing a semiconductor 

wafer as defined in claim 26, wherein said bonding step 

is conducted after forming an insulating layer on the 

25 surface of said semiconductor layer. 

29. A process for manufacturing a semiconductor 
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wafer as defined in claim 26, wherein said bonding step 

is conducted after forming an insulating layer on the 

surface of said second member. 

5 30. A process for manufacturing a semiconductor 

wafer as defined in claim 26, wherein said separating 

step is conducted by a method selected from the group 

consisting of heat-treatment of said multilayer 

structure and oxidizing treatment of the side of a 

10 separation layer and/or the vicinity thereof. 

31. A process for manufacturing a semiconductor 

wafer as defined in claim 30, wherein said heat-

treatment is conducted at a temperature within the 

15 range of 400 °c to 600 °c 

32. A process for manufacturing a semiconductor 

wafer as defined in claim 26, wherein said separating 

step is conducted by at least one method selected from 

20 the group consisting of inserting a wedge into the side 

of said separation layer, spraying fluid onto any one 

of said multilayer structure and the side of said 

separation layer, applying any one of tensile force, 

compressive force and shearing force, slicing said 

25 multilayer structure at said separation layer, and 

applying ultrasonic vibration onto said separation 

layer. 
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33. A process for manufacturing a semiconductor 

wafer as defined in claim 32, wherein said fluid is 

selected from the group consisting of water, alcohols, 

etchant, air, nitrogen gas, carbonic oxide gas, and 

5 rare gas. 

34. A process for manufacturing a semiconductor 

wafer as defined in claim 1 or 2, wherein said 

semiconductor wafer is an epitaxial wafer. 

10 

35. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 1 to 8, wherein 

said semiconductor wafer and said second semiconductor 

wafer are used to manufacture any one of a 

15 semiconductor device and a solar battery. 

36. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 1 to 8, wherein 

said second member is selected from the group 

20 consisting of a CZ silicon wafer, a FZ silicon wafer, 

an epitaxial wafer, a hydrogen-annealed silicon wafer, 

glass, quartz glass, plastics, a flexible film, 

ceramic, and a conductive substrate. 

25 37. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 1 to 8, wherein 

said second member is a silicon wafer having an oxide 
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film on the surface thereof. 

38. A process for manufacturing a semiconductor 

wafer as defined in claim 1 or 2, wherein said 

5 smoothing step is the step of conducting at least one 

treatment selected from the group consisting of 

surface-polishing, planing, etching, and heat-

treatment. 

10 39. A process for manufacturing a semiconductor 

wafer as defined in claim 38, wherein said surface-

polishing is selected from the group consisting of 

chemical mechanical polishing and touch-polish. 

15 40. A process for manufacturing a semiconductor 

wafer as defined in claim 38, wherein said heat-

treatment is hydrogen annealing. 

41. A process for manufacturing a semiconductor 

20 wafer as defined in claim 40, wherein the temperature 

for said hydrogen annealing is not lower than 800°C and 

not higher than the melting temperature of the 

component materials of said semiconductor substrate. 

25 42. A process for manufacturing a semiconductor 

wafer as defined in claim 40, wherein the hydrogen 

annealing is a heat-treatment conducted under a 
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reducing atmosphere containing at least hydrogen. 

43. A method for using a semiconductor wafer 

wherein said semiconductor substrate after the 

5 smoothing step according to claim 1 or 2 is used as a 

non-SOI wafer. 

44. A method for using a semiconductor wafer 

wherein said semiconductor substrate after the 

10 smoothing step according to claim 1 or 2 is used as a 

semiconductor wafer to manufacture a semiconductor 

device. 

45. A method for using a semiconductor wafer 

15 wherein said semiconductor substrate after the 

smoothing step according to claim 1 or 2 is used as a 

dummy wafer. 

46. A method for using a semiconductor wafer 

20 wherein said semiconductor substrate after the 

smoothing step according to claim 1 or 2 is used as a 

monitor wafer. 

47. A process for manufacturing a semiconductor 

25 wafer as defined in claim 1 or 2, comprising the 

additional step of forming an epitaxial layer on the 

smoothed semiconductor substrate. 
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48. A process for manufacturing a semiconductor 

wafer as defined in claim 1 or 2, wherein at least one 

inspection step selected from the group consisting of 

inspection of the density of surface foreign particles, 

5 inspection of film thickness distribution, inspection 

of the density of defects, inspection of surface 

profile, and inspection of edges is conducted on the 

semiconductor substrate obtained after the smoothing 

step. 

10 

49. A process for manufacturing a semiconductor 

wafer as defined in claim 48, wherein the substrate is 

sorted to be used as one wafer selected from the group 

consisting of a dummy wafer, a monitor wafer, a device 

15 wafer, and an epitaxial wafer. 

50. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 3, 4, 5, 7, and 

8, wherein said p-type semiconductor substrate is a 

20 high concentration p-type silicon wafer. 

51. A process for manufacturing a semiconductor 

wafer as defined in claim 50, wherein the concentration 

of boron in said high concentration p-type silicon 

25 wafer is between 1 x 1017cm-3 and 1 x 1020cm- 3 

52. A process for manufacturing a semiconductor 
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wafer as defined in claim 50, wherein the specific 

resistance of said high concentration p-type silicon 

wafer is between 0.001 Q•cm to 0.5 Q•cm. 

5 53. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 3 to 8, wherein 

the step of forming said first semiconductor wafer 

comprises the steps of bonding said first member with 

said second member so as to arrange said semiconductor 

10 layer inside to form a multilayer structure and 

separating said multilayer structure. 

54. A process for manufacturing a semiconductor 

wafer as defined in claim 53, wherein said bonding step 

15 is conducted through an insulating layer. 

55. A process for manufacturing a semiconductor 

wafer as defined in claim 53, wherein said bonding step 

is conducted after forming an insulating layer on the 

20 surface of said semiconductor layer. 

56. A process for manufacturing a semiconductor 

wafer as defined in claim 53, wherein said bonding step 

is conducted after forming an insulating layer on the 

25 surface of said second member. 

57. A process for manufacturing a semiconductor 
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wafer as defined in claim 53, wherein said separating 

step is conducted by a method selected from the group 

consisting of heat-treatment of said multilayer 

structure and oxidizing treatment of the side of the 

5 separation layer and/or the vicinity thereof. 

58. A process for manufacturing a semiconductor 

wafer as defined in claim 57, wherein said heat-

treatment is conducted at a temperature within the 

10 range of 400 °C to 600 °C 

59. A process for manufacturing a semiconductor 

wafer as defined in claim 53, wherein said separating 

step is conducted by at least one method selected from 

15 the group consisting of inserting a wedge into the side 

of said separation layer, spraying fluid onto any one 

of said multilayer structure and the side of said 

separation layer, applying any one of tensile force, 

compressive force and shearing force, slicing said 

20 multilayer structure at said separation layer, and 

applying ultrasonic vibration onto said separation 

layer. 

60. A process for manufacturing a semiconductor 

25 wafer as defined in claim 59, wherein said fluid is 

selected from the group consisting of water, alcohols, 

etchant, air, nitrogen gas, carbonic oxide gas, and 
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61. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 3 to 6, wherein 

5 the specific resistance of said low concentration p­

type silicon layer is between 0.02 Q•cm to 10000 Q•cm. 

62. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 3 to 6, wherein 

10 said low concentration p-type silicon layer is an 

epitaxial silicon layer in which the concentration of 

boron is l x 1017cm·3
• 

63. A process for manufacturing a semiconductor 

15 wafer as defined in any one of claims 3 to 8, wherein 

at least one inspection step selected from the group 

consisting of inspection of the density of surface 

foreign particles, inspection of film thickness 

distribution, inspection of the density of defects, 

20 inspection of surface profile, and inspection of edges 

is conducted on said second semiconductor wafer. 

64. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 3 to 6, wherein 

25 said epitaxial growth is conducted by a Chemical Vapor 

Deposition (CVD) method. 
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65. A process for manufacturing a semiconductor 

wafer as defined in claim 6, wherein said p-type 

semiconductor substrate is a high concentration p-type 

silicon wafer. 

66. A process for manufacturing a semiconductor 

wafer as defined in claim 65, wherein the concentration 

of boron in said high concentration p-type silicon 

wafer is between 1 x 1017crn-3 and 1 x 1020crn- 3 

67. A process for manufacturing a semiconductor 

wafer as defined in claim 65, wherein the specific 

resistance of said high concentration p-type silicon 

wafer is between 0.001 Q•cm to 0.5 Q•cm. 

68. A process for manufacturing a semiconductor 

wafer as defined in claim 7 or 8, wherein said first 

semiconductor layer is a p--epitaxial silicon layer. 

69. A process for manufacturing a semiconductor 

wafer as defined in claim 7 or 8, wherein said first 

semiconductor layer is composed of a plurality of 

layers. 

70. A process for manufacturing a semiconductor 

wafer as defined in claim 7, wherein said second 

semiconductor layer has an impurity concentration, 
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which defines p-type conductivity, higher than that of 

said first semiconductor layer. 

71. A process for manufacturing a semiconductor 

5 wafer as defined in claim 7, wherein the impurity 

concentration, which defines p-type conductivity, of 

said first semiconductor layer is identical with that 

of said second semiconductor layer. 

10 

15 

20 

25 

72. A process for manufacturing a semiconductor 

wafer as defined in claim 7, wherein said second 

semiconductor layer and separation layer are formed by 

ion implantation using a gas selected from the group 

consisting of hydrogen, nitrogen, and rare gas. 

73. A process for manufacturing a semiconductor 

wafer as defined in claim 8, wherein said third 

semiconductor layer is an epitaxial monocrystalline 

silicon layer. 

74. A process for manufacturing a semiconductor 

wafer as defined in claim 7, wherein said first member 

is obtained by forming said separation layer followed 

by forming said second semiconductor layer. 

75. A process for manufacturing a semiconductor 

wafer as defined in claim 74, comprising the additional 
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step of forming a protection layer on the walls of the 

pores in said porous layer serving as said separation 

layer prior to the formation of said second 

semiconductor layer. 

5 

76. A process for manufacturing a semiconductor 

wafer as defined in claim 74, comprising the additional 

step of conducting heat-treatment on said porous layer 

serving as said separation layer under a reducing 

10 atmosphere containing hydrogen prior to the formation 

of said semiconductor layer. 

77. A process for manufacturing a semiconductor 

wafer as defined in claim 74, comprising the step of 

15 forming said second semiconductor layer by supplying a 

small amount of raw material gas which consists of said 

second semiconductor layer at a growth rate of 20 

run/min. or lower. 

20 78. A process for manufacturing a semiconductor 

wafer as defined in claim 74, comprising the additional 

step of sealing the surf ace of said porous layer 

followed by conducting heat-treatment at a temperature 

higher than that for said sealing step prior to the 

25 formation of said second semiconductor layer, said 

sealing step comprising the steps of conducting heat-

treatment on said porous layer under a hydrogen 
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reducing atmosphere and/or supplying a small amount of 

raw material gas for said second semiconductor layer. 

79. A process for manufacturing a semiconductor 

5 wafer as defined in claim 8, wherein said first member 

is obtained by forming a third semiconductor layer onto 

said second semiconductor layer made porous. 

80. A process for manufacturing a semiconductor 

10 wafer as defined in claim 79, comprising the additional 

step of forming a protection layer on the walls of the 

pores in the porous layer of said second semiconductor 

layer made porous prior to the formation of said third 

semiconductor layer. 

15 

81. A process for manufacturing a semiconductor 

wafer as defined in claim 79, comprising the additional 

step of conducting heat-treatment on the porous layer 

of said second semiconductor layer made porous under a 

20 reducing atmosphere containing hydrogen prior to the 

formation of said third semiconductor layer. 

82. A process for manufacturing a semiconductor 

wafer as defined in claim 79, comprising the step of 

25 forming said third semiconductor layer by supplying a 

small amount of raw material gas which consists of said 

third semiconductor layer at a growth rate of 20 
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83. A process for manufacturing a semiconductor 

wafer as defined in claim 79, comprising the additional 

5 step of sealing the surface of the porous layer of said 

second semiconductor layer made porous followed by 

conducting heat-treatment at a temperature higher than 

that for said sealing step prior to the formation of 

said third semiconductor layer, said sealing step 

10 comprising the steps of conducting heat-treatment of 

said porous layer under a hydrogen reducing atmosphere 

and/or supplying a small amount of raw material gas for 

said third semiconductor layer. 

15 84. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 3 to 6, wherein 

the surface of said high concentration p-type silicon 

layer is smoothed prior to the epitaxial growth of said 

high concentration p-type silicon layer. 

20 

85. A process for manufacturing a semiconductor 

wafer as defined in claim 7 or 8, wherein said second 

semiconductor wafer is formed by smoothing the surf ace 

of said first semiconductor layer on said separated p-

25 type semiconductor substrate. 

86. A process for manufacturing a semiconductor 
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wafer as defined in claim 85, wherein said smoothing 

step is carried out by conducting at least one 

treatment selected from the group consisting of 

surface-polishing, planing, etching, and heat-

5 treatment. 

87. A process for manufacturing a semiconductor 

wafer as defined in claim 86, wherein said heat-

treatment is heat-treatment under a reducing atmosphere 

10 containing hydrogen. 

88. A process for manufacturing a semiconductor 

wafer as defined in claim 87, wherein a temperature for 

said heat-treatment under a reducing atmosphere 

15 containing hydrogen is not lower than 800°C and not 

higher than the melting temperature of the component 

materials of said p-type semiconductor substrate. 

89. A process for manufacturing a semiconductor 

20 wafer as defined in claim 7, comprising the additional 

step of transferring said second semiconductor layer to 

said second semiconductor substrate followed by 

removing said separation layer remaining on said second 

semiconductor layer. 

25 

90. A process for manufacturing a semiconductor 

wafer as defined in claim 8, comprising the additional 
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step of transferring said third semiconductor layer to 

said second semiconductor substrate followed by 

removing said separation layer remaining on said second 

semiconductor layer. 

5 

91. A process for manufacturing a semiconductor 

wafer as defined in claim 89 or 90, wherein heat-

treatment under a reducing atmosphere containing 

hydrogen is conducted after removing said remaining 

10 separation layer. 

92. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 2, 4, 5, 6, and 

7, wherein said separation through said separation 

15 layer is separation caused at a part selected from the 

group consisting of the inside, the upper surface, and 

the lower surface of said separation layer. 

93. A process for manufacturing a semiconductor 

20 wafer as defined in claim 8, wherein said step of 

transferring said third semiconductor layer onto said 

second member is carried out by conducting separation 

at a part selected from the group consisting of the 

inside, the upper surface, and the lower surface of 

25 said first semiconductor layer made porous. 

94. A process for manufacturing a semiconductor 
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wafer as defined in any one of claims 3 to 6, wherein 

said semiconductor layer and said low concentration p-

type silicon layer are formed by the same CVD 

apparatus. 

5 

95. A process for manufacturing a semiconductor 

wafer as defined in any one of claims 3 to 8, wherein 

said second semiconductor wafer is used for use other 

than that for said first and second members. 

10 

96. A process for manufacturing a semiconductor 

wafer as defined in claim 6, wherein an oxide film 

having a thickness of 10 nm to 10 µm is formed on the 

back side of said p-type silicon substrate by said 

15 heat-treatment under an oxidizing atmosphere. 

97. A method for using a semiconductor wafer, 

characterized by preparing a seed-wafer which has been 

used for manufacturing a bonded SOI substrate followed 

20 by conducting smoothing treatment on at least one 

surface of said seed-wafer so as to be sold as a 

semiconductor wafer. 

98. A method for using a semiconductor wafer as 

25 defined in claim 97, wherein the process for 

manufacturing said bonded SOI wafer comprises the steps 

of bonding a first member which has a monocrystalline 



- 137 - \ \11\111 \\\II\ 1111\ \111111 \II\ 
* C L M S * 

semiconductor layer on a region of monocrystalline 

silicon through an insulating layer with a second 

member, and conducting separation through the inside 

and/or the surface of said separation layer. 

5 

99. A method for using a semiconductor wafer as 

defined in claim 98, wherein said bonding step is the 

step of conducting separation through an insulating 

layer which is formed on said monocrystalline 

10 semiconductor layer and/or said second member. 

100. A method for using a semiconductor wafer as 

defined in claim 98, wherein said separation layer is 

selected from the group consisting of a porous layer 

15 which is formed by anodization treatment of a silicon 

substrate and a microbubble layer formed by ion 

implantation of at least one element selected from the 

group consisting of hydrogen, nitrogen, and rare gas. 

20 101. A method for using a semiconductor wafer as 

defined in claim 97, wherein said smoothing treatment 

comprises the step of mirror finish polishing. 

102. A method for using a semiconductor wafer as 

25 defined in claim 97, wherein said smoothing treatment 

is conducted on both sides of said seed-wafer. 
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103. A method for using a semiconductor wa.fer as 

defined in claim 97, wherein mirror finish polishinq i :~ 

conducted on both sides of said seed-wafer to be sold 

as said semiconductor wafer. 

5 

104. A method for using a semiconductor 1·1afl~r- d!> 

defined in claim 97, wherein said smoothinq treatment 

comprises the step containing hydrogen annea 1 irnJ. 

10 105. A method for using a semiconductor wafer as 

defined in claim 97, comprising the additional step of. 

forming an epitaxial semiconductor layer on said seed-

wafer. 

15 106. A process for manufacturing a semiconductor 

wafer as defined in claim 11, wherein said 

separation layer and said layer made porous is 

each formed by anodization treatment. 


