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SPECIFICATION 

COMPOSITE SUBSTRATE MANUFACTURING METHOD AND COMPOSITE 

SUBSTRATE 

 

Technical Field 

[0001] 

 The present invention relates to a method for manu facturing 

a composite substrate, and specifically relates to a method for 

manufacturing a composite substrate by which a nano carbon film 

can be manufactured at high quality and low cost, a nd a composite 

substrate manufactured by said manufacturing method . 

Background Art 

[0002] 

 In recent years, nanocarbons represented by graphe ne, 

fullerene and carbon nanotubes gain attention as no vel materials 

for electronic devices.  For example, due to extrem ely high 

mobility (it is said to be 100 times as large as th e mobility 

of silicon), higher durability than that of steel i ron, and the 

like possessed by graphene, studies on graphene as a platform 

for next-generation electronic devices have been pr ogressed. 

[0003] 

 Some suggestions have been made as methods for for ming 

a nanocarbon, and for example, a sublimation proces s is 

exemplified.  This is a method such that single cry stal silicon 

carbide (SiC) is treated in an inert gas at a high temperature 
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to allow the silicon (Si) in the silicon carbide to  evaporate, 

and the residual carbon (C) forms graphene (JP 2007 -335532 A 

(Patent Literature 1)).  This method is a method th at attracts 

lots of attention in recent years as a method in wh ich a graphene 

wafer can be obtained from a single crystal silicon  carbide wafer 

(diameter: 6 inches at the maximum).  Furthermore, also for 

fullerene and carbon nanotubes, it is possible that  a high quality 

film is formed by using a single crystal silicon ca rbide as a 

platform substrate. 

[0004] 

 However, there is a problem that the cost increase s by 

using a single crystal silicon carbide wafer, which  is very 

expensive.  Specifically, the price of a semi-insul ating single 

crystal silicon carbide wafer, which seems importan t for use 

in electronic devices, is about several ten thousan ds yen for 

even one wafer having a diameter of about three inc hes, and thus 

the semi-insulating single crystal silicon carbide wafer has 

a disadvantage that it is too expensive to be used extensively. 

[0005] 

 Examples of the prior art relating to the present invention 

include WO 2014/061337 (Patent Literature 2). 

 

Prior Art References 

Patent Document 

[0006] 
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Patent Literature 1: JP 2007-335532 A 

Patent Literature 2: WO 2014/061337 A 

 

Summary of Invention 

Problems to be solved by the Invention 

[0007] 

 The present invention has been made in view of the  

above-mentioned situation, and aims at providing a method for 

manufacturing a composite substrate by which a nano carbon film 

having no defect can be manufactured at low cost, a nd a composite 

substrate manufactured by said manufacturing method . 

 

Means for solving the Problems 

[0008] 

 In order to solve this problem, the present invent ors have 

invented the following method.  Specifically, since  it is 

sufficient that a single crystal silicon carbide la yer that is 

converted to graphene generally has a thickness of several layers 

of atoms and thus a thick silicon carbide layer is unnecessary, 

a single crystal silicon carbide thin film is obtai ned by 

transferring a thin film of single crystal silicon carbide to 

a support wafer (handle wafer).  Specifically, a si ngle crystal 

silicon carbide wafer in which hydrogen ion has bee n implanted 

in advance is bonded to a support wafer to thereby obtain a 

sufficient bonding strength, and peeling is then co nducted on 
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an ion-implanted interface.  At this time, the surf ace of the 

single crystal silicon carbide substrate and the su rface of the 

handle substrate to be bonded are respectively smoo thened to 

improve the tight bonding strength of the bonding.  By this way, 

many single crystal silicon carbide thin films can be transferred 

from one single crystal silicon carbide wafer, and the advantage 

in cost is extremely increased. 

[0009] 

 That is, the present invention provides the method  for 

manufacturing a composite substrate and the composi te substrate 

mentioned below. 

 [1] A method for manufacturing a composite substra te, 

including: implanting ion from a surface of a singl e crystal 

silicon carbide substrate to form an ion-implanted region; 

bonding an ion-implanted surface (hereinafter refer red to as 

"ion-implanted surface") of the single crystal sili con carbide 

substrate and a main surface of a handle substrate,  and peeling 

the single crystal silicon carbide substrate at the  ion-implanted 

region to transfer a single crystal silicon carbide  thin film 

onto the handle substrate, wherein the surface to b e bonded of 

the single crystal silicon carbide substrate and th e surface 

to be bonded of the handle substrate each has a sur face roughness 

RMS of 1.00 nm or less. 

 [2] The method for manufacturing a composite subst rate 

according to [1], wherein the handle substrate is f ormed of a 
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heat resistant material having a heat resistance te mperature 

of 1,100 °C or more (except for single crystal silicon carbid e). 

 [3] The method for manufacturing a composite subst rate 

according to [1] or [2], wherein the handle substra te is formed 

of an amorphous silicon carbide or a polycrystallin e silicon 

carbide. 

 [4] The method for manufacturing a composite subst rate 

according to any one of [1] to [3], including formi ng a thin 

film formed of at least one kind of material select ed from silicon 

oxide, silicon nitride, aluminum oxide, aluminum ni tride, 

zirconium oxide, silicon and silicon carbide on the  ion-implanted 

surface of the single crystal silicon carbide subst rate and/or 

the main surface of the handle substrate; and polis hing the thin 

film to thereby adjust the surface roughness RMS of  the surface 

of the thin film to 1.00 nm or less. 

 [5] The method for manufacturing a composite subst rate 

according to any one of [1] to [3], including formi ng a thin 

film formed of at least one kind of metal material selected from 

Ti, Au, Ag, Cu, Ni, Co, Fe, Cr, Zr, Mo, Ta and W on  the ion-implanted 

surface of the single crystal silicon carbide subst rate and/or 

the main surface of the handle substrate; and adjus ting the a 

surface roughness RMS of the surface of the thin fi lm to 1.00 

nm or less. 

 [6] The method for manufacturing a composite subst rate 

according to any one of [1] to [5], including subje cting the 
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surface to be bonded of the silicon carbide substra te and/or 

the surface to be bonded of the handle substrate to  a surface 

activation treatment, and conducting the bonding. 

 [7] The method for manufacturing a composite subst rate 

according to [6], wherein the surface activation tr eatment is 

a plasma activation treatment, a vacuum ion beam tr eatment or 

an immersion treatment in ozone water. 

 [8] The method for manufacturing a composite subst rate 

according to any one of [1] to [7], including bondi ng the single 

crystal silicon carbide substrate and the handle su bstrate, and 

applying a physical impact to the ion-implanted reg ion to thereby 

peel the single crystal silicon carbide substrate. 

 [9] A composite substrate obtained by the method f or 

manufacturing a composite substrate according to an y one of [1] 

to [8]. 

 [10] The composite substrate according to [9], whe rein 

the composite substrate is for forming a nanocarbon  film. 

 

Advantageous Effects of Invention 

[0010] 

 According to the present invention, since bonding is 

conducted by using a single crystal silicon carbide  substrate 

and a handle substrate whose surfaces to be bonded have 

predetermined smoothness, during a peeling treatmen t at an 

ion-implanted interface, which is conducted after t he bonding, 
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a single crystal silicon carbide thin film can be t ransferred 

without peeling at the bonding interface between th e single 

crystal silicon carbide substrate and the handle su bstrate.  

Specifically, a substrate formed of silicon carbide  has a very 

high hardness, and thus it is difficult to smoothen  the surface 

by polishing.  By forming a specific thin film on t he surface 

of the substrate, it becomes easy to smoothen the s urface, and 

thus fine tight-adhesion strength can be obtained i n the 

above-mentioned bonding.  Furthermore, by subjectin g the single 

crystal silicon carbide film to thin-film transfer to the handle 

substrate, it becomes unnecessary to prepare many s ingle crystal 

silicon carbide substrates, which are expensive, an d thus a 

composite substrate from which a nanocarbon film ca n be prepared 

at low costs can be provided. 

 

Brief Description of the Drawings 

[0011] 

 Figs. 1(a) to 1(f) are schematic views showing the  

manufacture steps in the first exemplary embodiment  in the method 

for manufacturing a composite substrate of the pres ent invention, 

wherein Fig. 1(a) is a cross-sectional view of an i on-implanted 

single crystal silicon carbide substrate, Fig. 1(b)  is a 

cross-sectional view showing a state in which a thi n film has 

been formed on the ion-implanted surface of the sin gle crystal 

silicon carbide substrate, Fig. 1(c) is a cross-sec tional view 
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showing a state that a thin film has been formed on  one main 

surface of a handle substrate, Fig. 1(d) is a cross -sectional 

view showing a state that the single crystal silico n carbide 

substrate and the handle substrate are bonded, Fig.  1(e) is a 

cross-sectional view showing a state that the singl e crystal 

silicon carbide substrate has been peeled at the io n-implanted 

region, and Fig. 1(f) is a cross-sectional view of a composite 

substrate. 

 Figs. 2(a) to 2(e) are schematic views showing the  

manufacture steps in the second exemplary embodimen t of the 

method for manufacturing a composite substrate acco rding to the 

present invention, wherein Fig. 2(a) is a cross-sec tional view 

of an ion-implant single crystal silicon carbide su bstrate in 

which the ion-implanted surface has been smoothened , Fig. 2(b) 

is a cross-sectional view of a handle substrate in which one 

main surface has been smoothened, Fig. 2(c) is a cr oss-sectional 

view showing a state that the single crystal silico n carbide 

substrate and the handle substrate are bonded, Fig.  2(d) is a 

cross-sectional view showing a state that the singl e crystal 

silicon carbide substrate has been peeled at the io n-implanted 

region, and Fig. 2(e) is a cross-sectional view of a composite 

substrate. 

 

Description of Embodiments 

[0012] 



9 

 The exemplary embodiments of the method for manufa cturing 

a composite substrate and the composite substrate w ill be 

explained below. 

(First exemplary embodiment) 

 As shown in Figs. 1(a) to 1(f), in the method for 

manufacturing a composite substrate according to th e first 

exemplary embodiment of the present invention, trea tments are 

conducted in the following order: 

 a step of implanting hydrogen ion in a single crys tal 

silicon carbide substrate (Step 1), 

 a step of smoothening an ion-implanted surface of the 

single crystal silicon carbide substrate (Step 2), 

 a step of smoothening a handle substrate (Step 3),  

 a step of a surface activation treatment of the si ngle 

crystal silicon carbide substrate and/or the handle  substrate 

(Step 4), 

 a step of bonding the single crystal silicon carbi de 

substrate and the handle substrate (Step 5), 

 a step of peeling treatment (Step 6), and 

 a step of polishing a single crystal silicon carbi de thin 

film (Step 7). 

[0013] 

(Step 1: step of implanting hydrogen ion in single crystal silicon 

carbide substrate) 

 Firstly, hydrogen ion or the like is implanted in a single 
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crystal silicon carbide substrate 1 to form an ion- implanted 

region 2 (Fig. 1(a)). 

[0014] 

  The single crystal silicon carbide substrate 1 th at is 

bonded to the handle substrate 4 herein is preferab ly selected 

from single crystal silicon carbide substrates havi ng crystal 

structures of 4H-SiC, 6H-SiC and 3C-SiC.  The size of the single 

crystal silicon carbide substrate 1 and the size of  a handle 

substrate 4 mentioned below are set based on the ne cessary size, 

cost and the like of a nanocarbon film.  Furthermor e, the 

thickness of the single crystal silicon carbide sub strate 1 

is a thickness in the vicinity of the substrate thi ckness of 

the SEMI specification or JEIDA specification in vi ew of 

handling.  As the single crystal silicon carbide su bstrate 1, 

a commercially available single crystal silicon car bide 

substrate such as a commercially available single c rystal 

silicon carbide wafer for power devices can be used , and it 

is preferable to use a single crystal silicon carbi de substrate 

having a plane and smooth surface, wherein said sur face has 

been finally polished by a CMP (Chemical Mechanical  Polishing 

(or Planarization)) treatment. 

[0015] 

 During the implantation of ion into the single cry stal 

silicon carbide substrate 1, at least hydrogen ion (H +) or 

hydrogen molecule ion (H 2
+) at a predetermined dose is implanted 
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at implantation energy such that the ion-implanted region 2 can 

be formed at a desired depth from the surface of th e substrate.  

As the condition at this time, the ion implantation  energy may 

be set so as to give a desired thickness of a thin film.  He 

ion, B ion and the like may be simultaneously impla nted, and 

any ion may be adopted as long as a similar effect can be obtained. 

 The ion implantation depth corresponds to a desire d 

thickness of the single crystal silicon carbide thi n film. 

[0016] 

 The dose amount of the hydrogen ion (H +) implanted in the 

single crystal silicon carbide substrate 1 is prefe rably from 

1.0 × 10 16 atom/cm 2 to 9.0 × 10 17 atom/cm 2.  When the dose amount 

is lower than 1.0 × 10 16 atom/cm 2, the embrittlement of the 

interface does not occur in some cases, whereas whe n the dose 

amount goes beyond 9.0 × 10 17 atom/cm 2, air bubbles are formed 

during the heat treatment after the bonding, and th us transfer 

deficiency occurs in some cases. 

[0017] 

 In the case when hydrogen molecule ion (H 2
+) is used as 

the implant ion, the dose amount thereof is prefera bly 5.0 × 

1015 atoms/cm 2 to 4.5 × 10 17 atoms/cm 2.  When the dose amount is 

lower than 5.0 × 10 15 atoms/cm 2, the embrittlement of the interface 

does not occur in some cases, whereas when the dose  amount goes 

beyond 4.5 × 10 17 atoms/cm 2, air bubbles are formed during the 

heat treatment after the bonding, and thus transfer  deficiency 
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occurs in some cases. 

[0018] 

 The depth from the ion-implanted surface of the su bstrate 

to the ion-implanted region 2 (i.e., ion implantati on depth) 

corresponds to a desired thickness of a single crys tal silicon 

carbide thin film 6 to be disposed on the handle su bstrate 4, 

and is generally from 100 to 2,000 nm, preferably f rom 300 to 

500 nm, further preferably about 400 nm.  Furthermo re, the 

thickness of the ion-implanted region 2 (i.e., ion distribution 

thickness) is preferably a thickness that enables e asy peeling 

by a mechanical impact or the like, and is preferab ly from 200 

to 400 nm, further preferably about 300 nm. 

[0019] 

 Furthermore, it is also possible to form an insula ting 

film such as a silicon oxide film of about 50 to 50 0 nm in advance 

on the surface of the single crystal silicon carbid e substrate 

1, and implant hydrogen ion or hydrogen molecule io n through 

the insulating film.  By this way, an effect to sup press the 

channeling of the implanted ion can be obtained. 

[0020] 

(Step 2: step of smoothening ion-implanted surface of single 

crystal silicon carbide substrate (Fig. 1(b)) 

 In the present invention, the surface of the singl e crystal 

silicon carbide substrate 1 to be bonded (the ion-i mplanted 

surface) is formed into a smooth surface having a s urface 
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roughness RMS of 1.00 nm or less.  In this case, it  is also possible 

to conduct the smoothening by directly polishing th e surface 

of the single crystal silicon carbide substrate 1, but it is 

not easy to polish the very hard substrate formed o f silicon 

carbide.  Therefore, in this step, the surface of t he single 

crystal silicon carbide substrate 1 is smoothened b y conducting 

either of Steps 2-1 and 2-2 mentioned below. 

[0021] 

(Step 2-1) 

 A thin film 3a having heat resistance against a he at 

treatment, which is conducted later, and being form ed of a 

material having a heat expansion coefficient that i s identical 

with or close to the heat expansion coefficient of a finally 

formed single crystal silicon carbide thin film 6 i s formed on 

the ion-implanted surface of the single crystal sil icon carbide 

substrate 1.  Examples of the material for constitu ting the thin 

film 3a include at least one kind of material selec ted from silicon 

oxide (for example, SiO 2), silicon nitride, aluminum nitride, 

silicon (for example, amorphous silicon, polycrysta lline 

silicon), alumina (Al 2O3), zirconium oxides (for example, 

zirconia (ZrO 2)) and silicon carbides (for example, amorphous 

silicon carbide and polycrystalline silicon carbide ).  In the 

case when plural materials are selected from these materials, 

the thin film 3a may have either a structure in whi ch those 

materials are respectively laminated or a single la yer structure 
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formed of a material in which those materials are m ixed. 

[0022] 

 The film thickness of the thin film 3a is preferab ly from 

1 to 200 nm, more preferably from 1 to 100 nm, furt her preferably 

from 1 to 20 nm.  If this film thickness is lower t han 1 nm, 

it is possible that the surface is not covered comp letely due 

to the unevenness of the film thickness in the surf ace, and thus 

the tight-adhesiveness of the bonding with the hand le substrate 

4 is deteriorated.  Furthermore, at greater than 20 0 nm, it is 

possible that the surface roughness of the deposite d thin film 

3a is deteriorated, and thus a desired smoothness c annot be 

obtained even by polishing.  In addition, it is nec essary to 

adjust the thickness of the formed film to a film t hickness with 

consideration for the thickness of the polishing th at is 

subsequently conducted after this step. 

[0023] 

 The method for forming the thin film 3a may be any  method 

as long as it is a film-forming method by which the  thin film 

3a can be formed on the single crystal silicon carb ide substrate 

1 with fine tight adhesiveness.  For example, it is  preferable 

that a thin film of silicon oxide is formed by a PE CVD process 

and thin films of silicon nitride, aluminum nitride , silicon 

and silicon carbide are formed by a sputtering proc ess. 

[0024] 

 Subsequently, the thin film 3a is polished to ther eby set 
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the surface roughness RMS of the surface thereof to  1.00 nm or 

less, preferably 0.80 nm or less, more preferably 0 .70 nm or 

less.  When the surface roughness RMS of the thin f ilm 3a is 

greater than 1.00 nm, peeling occurs at a bonding i nterface with 

the handle substrate 4 (i.e., an interface with the  thin film 

3b) during a peeling treatment for forming a single  crystal 

silicon carbide thin film, which is conducted later , or in the 

subsequent heat treatment.  The surface roughness R MS 

(Root-mean-square: square mean roughness) means a s quare mean 

root roughness as referred to in Rq JIS B0601: 2013 . 

[0025] 

 The method for polishing the thin film 3a is prefe rably 

a chemical mechanical polishing process, and the co nditions 

therefor differ depending on the materials of the t hin film 3a. 

[0026] 

(Step 2-2) 

 A thin film 3a formed of a metal material having a  melting 

point of 950 °C or more, for example, at least one kind of metal 

material selected from Ti, Au, Ag, Cu, Ni, Co, Fe, Cr, Zr, Mo, 

Ta and W, on the ion-implanted surface of the singl e crystal 

silicon carbide substrate 1.  By using the metal ma terial having 

a melting point of 950 °C or more, the thin film 3a can be prevented 

from melting during a low temperature heat treatmen t in the 

subsequent peeling treatment step.  Furthermore, in  the case 

when plural metal materials are selected from these  metal 
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materials, the thin film may have either of a struc ture in which 

those metal materials are respectively laminated, o r a single 

layer structure formed of an alloy material of thos e metal 

materials. 

[0027] 

 The film thickness of the thin film 3a is set to p referably 

from 1 to 100 nm, more preferably from 1 to 20 nm, further 

preferably from 1 to 10 nm.  When this film thickne ss is lower 

than 1 nm, it is possible that the surface of the s ubstrate is 

not covered completely due to the unevenness of the  film thickness 

in the surface, and thus the tight adhesiveness of the bonding 

with the handle substrate 4 is deteriorated.  Alter natively, 

when this film thickness is greater than 100 nm, it  is possible 

that the surface roughness of the thin film 3a is d eteriorated, 

and thus the tight adhesiveness of the bonding with  the handle 

substrate 4 is deteriorated. 

[0028] 

 The method for forming the thin film 3a may be any  method 

as long as it is a film formation method by which a  film can 

be formed with fine tight adhesiveness on the singl e crystal 

silicon carbide substrate 1.  For example, it is pr eferable to 

form the thin film 3a by an electron beam depositio n process. 

[0029] 

 In the present Step 2-2, by only forming the thin film 

3a by the deposition of the above-mentioned metal m aterial(s) 
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(i.e., without polishing), the surface roughness RM S of the 

surface thereof can be adjusted to 1.00 nm or less,  preferably 

0.80 nm or less, more preferably 0.75 nm or less.  When the surface 

roughness RMS of the thin film 3a is greater than 1 .00 nm, peeling 

occurs at a bonding interface with the handle subst rate 4 (i.e., 

an interface with the thin film 3b), during a peeli ng treatment 

for forming a single crystal silicon carbide thin f ilm, which 

is conducted later, or in the subsequent heat treat ment. 

[0030] 

 It is also possible to change the order of the 

above-mentioned Steps 1 and 2 to thereby form the t hin film 3a 

first on the surface of the single crystal silicon carbide 

substrate 1, and then conduct the above-mentioned i on 

implantation from the above of the thin film 3a. 

[0031] 

(Step 3: step of smoothening handle substrate (Fig.  1(c)) 

 As the handle substrate 4 used in the present inve ntion, 

a handle substrate formed of a heat resistant mater ial having 

a heat resistance temperature of 1,100 °C or more (except for 

single crystal silicon carbide) is preferable, and for example, 

handle substrates formed of silicon carbides that a re not single 

crystals, i.e., amorphous silicon carbide and polyc rystalline 

silicon carbide, or quartz glass, sapphire, crystal line silicon 

(single crystal silicon and polycrystalline silicon ), silicon 

nitride, diamond or aluminum nitride can be used.  Among those, 
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handle substrates formed of amorphous silicon carbi de or 

polycrystalline silicon carbide, which has a heat e xpansion 

coefficient that is close to that of single crystal  silicon 

carbide and has heat resistance against a heat trea tment 

conducted later are more preferable.  By using a he at resistant 

material having a heat resistance temperature of 1, 100 °C or more, 

the substrate can be prevented from damaging by the  heating 

treatment in the subsequent step of polishing a sin gle crystal 

silicon carbide thin film.  Furthermore, although t he thickness 

of the handle substrate 4 is not specifically limit ed, a thickness 

in the vicinity of the general SEMI specification o r JEIDA 

specification is preferable in view of handling, as  in the single 

crystal silicon carbide substrate 1. 

[0032] 

 A thin film 3b formed of a material that has heat resistance 

against a heat treatment that is conducted later, a nd has a heat 

expansion coefficient that is identical with or clo se to the 

heat expansion coefficient of the single crystal si licon carbide 

thin film 6, is formed on at least a surface to be bonded to 

the single crystal silicon carbide substrate 1 of t he handle 

substrate 4 to thereby smoothen the surface of the handle 

substrate 4.  A similar treatment to that in the ab ove-mentioned 

Step 2-1 or 2-2 is conducted here. 

 Specifically, the treatment corresponding to Step 2-1 is 

conducted as shown below. 
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 First, the thin film 3b formed of at least one kin d of 

material selected from silicon oxides (for example,  SiO 2), 

silicon nitride, aluminum nitride, silicon (for exa mple, 

amorphous silicon, polycrystalline silicon), alumin a (Al 2O3), 

zirconium oxides (for example, zirconia (ZrO 2)) and silicon 

carbides (for example, amorphous silicon carbide, 

polycrystalline silicon carbide) on a surface to be  bonded with 

the single crystal silicon carbide substrate 1 of t he handle 

substrate 4.  In the case when plural materials are  selected 

from these materials, the thin film 3b may have eit her a structure 

in which those materials are respectively laminated  or a single 

layer structure formed of a material in which those  materials 

are mixed. 

[0033] 

 The film thickness of the thin film 3b in this cas e is 

preferably from 1 to 200 nm, more preferably from 1  to 100 nm, 

further preferably from 1 to 20 nm.  If this film t hickness is 

lower than 1 nm, it is possible that the surface is  not covered 

completely due to the unevenness of the film thickn ess in the 

surface, and thus the tight-adhesiveness of the bon ding with 

the single crystal silicon carbide substrate 1 is d eteriorated.  

Furthermore, at greater than 200 nm, it is possible  that the 

surface roughness of the deposited thin film 3b is deteriorated, 

and thus a desired smoothness cannot be obtained ev en by polishing.  

In addition, it is necessary to adjust the thicknes s of the formed 
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film to a film thickness with consideration for the  thickness 

of the polishing that is subsequently conducted aft er this step. 

[0034] 

 The method for forming the thin film 3b may be any  method 

as long as it is a film-forming method by which the  thin film 

3b can be formed on the handle substrate 4 with fin e tight 

adhesiveness, and for example, it is preferable tha t a thin film 

of silicon oxide is formed by a PECVD process and t hin films 

of silicon nitride, aluminum nitride, silicon, alum ina, 

zirconium oxides and silicon carbide are formed by a sputtering 

process. 

[0035] 

 Subsequently, the thin film 3b is polished to ther eby set 

the surface roughness RMS of the surface thereof to  1.00 nm or 

less, preferably 0.80 nm or less, more preferably 0 .70 nm or 

less.  When the surface roughness RMS of the thin f ilm 3b is 

greater than 1.00 nm, peeling occurs at a bonding i nterface with 

the single crystal silicon carbide substrate 1 (i.e ., an 

interface with the thin film 3a), during a peeling treatment 

for forming a single crystal silicon carbide thin f ilm, which 

is conducted later, or in the subsequent heat treat ment. 

[0036] 

 The method for polishing the thin film 3b is prefe rably 

a chemical mechanical polishing process, and the co nditions 

therefor differ depending on the materials of the t hin film 3b. 
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[0037] 

 Furthermore, the treatment corresponding to Step 2 -2 is 

conducted as follows. 

 A thin film 3b formed of at least one kind of meta l material 

selected from metal materials having a melting poin t of 950 °C 

or more such as Ti, Au, Ag, Cu, Ni, Co, Fe, Cr, Zr,  Mo, Ta and 

W is formed on a surface to be bonded (main surface ) to be bonded 

with the single crystal silicon carbide substrate 1  of the handle 

substrate 4.  By using the metal material(s) having  a melting 

point of 950 °C or more, the thin film 3a can be prevented from 

melting in a low temperature heat treatment in the subsequent 

step of a peeling treatment.  Furthermore, in the c ase when plural 

metal materials are selected from these metal mater ials, the 

thin film may have either of a structure in which t hose metal 

materials are respectively laminated, or a single l ayer structure 

formed of an alloy material of those metal material s. 

[0038] 

 The film thickness of the thin film 3b in this cas e is 

set to preferably from 1 to 100 nm, more preferably  from 1 to 

20 nm, further preferably from 1 to 10 nm.  When th is film 

thickness is lower than 1 nm, it is possible that t he surface 

of the substrate is not covered completely due to t he unevenness 

of the film thickness in the surface, and thus the tight 

adhesiveness of the bonding with the single crystal  silicon 

carbide substrate 1 is deteriorated.  Alternatively , when this 
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film thickness is greater than 100 nm, it is possib le that the 

surface roughness of the thin film 3b is deteriorat ed, and thus 

the tight adhesiveness of the bonding with the sing le crystal 

silicon carbide substrate 1 is deteriorated. 

[0039] 

 The method for forming the thin film 3b may be any  method 

as long as it is a film formation method by which a  film can 

be formed with fine tight adhesiveness on the handl e substrate 

4.  For example, it is preferable to form the thin film 3b by 

an electron beam deposition process. 

[0040] 

 In this treatment, by only forming the thin film 3 b by 

the deposition of the above-mentioned metal materia l(s) (i.e., 

without polishing), the surface roughness RMS of th e surface 

thereof can be adjusted to 1.00 nm or less, prefera bly 0.80 nm 

or less, more preferably 0.75 nm or less.  When the  surface 

roughness RMS of the thin film 3b is greater than 1 .00 nm, peeling 

occurs at a bonding interface with the single cryst al silicon 

carbide substrate 1 (i.e., an interface with the th in film 3a), 

during a peeling treatment for forming a single cry stal silicon 

carbide thin film, which is conducted later, or in the subsequent 

heat treatment. 

[0041] 

 In addition, it is preferable to use the same mate rial 

as the constitutional material of the above-mention ed thin film 
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3a as the material for constituting the thin film 3 b, since the 

tight adhesiveness of the bonding is improved.  Fur thermore, 

it is preferable to set the surface roughnesses of the thin films 

3a and 3b to be within a certain range (for example , the difference 

of the surface roughnesses is within ± 0.05 nm in surface roughness 

RMS), since the tight adhesiveness of the bonding i s further 

improved. 

[0042] 

(Step 4: step of surface activation treatment of si ngle crystal 

silicon carbide substrate and/or handle substrate) 

 Subsequently, the surface of the single crystal si licon 

carbide substrate 1 and the surface of the handle s ubstrate 4 

to be bonded, i.e., the surfaces of the thin films 3a and 3b, 

are subjected to a plasma activation treatment, a v acuum ion 

beam treatment or an immersion treatment in ozone w ater as a 

surface activation treatment. 

[0043] 

 Among these, in the case when the plasma activatio n 

treatment is conducted, the single crystal silicon carbide 

substrate 1 and/or the handle substrate 4 that has/ have undergone 

the treatments up to the above-mentioned Step 3 is/ are placed 

in a vacuum chamber, a plasma gas is introduced und er a reduced 

pressure, then the substrate(s) is/are exposed to a  

high-frequency wave at about 100 W for about 5 to 1 0 seconds, 

to thereby subject the surface(s) to a plasma activ ation 
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treatment.  As the plasma gas, an oxygen gas, a hyd rogen gas, 

a nitrogen gas, an argon gas or a mixed gas thereof , or a mixed 

gas of a hydrogen gas and a helium gas can be used.  

[0044] 

 In the vacuum ion beam treatment, the single cryst al 

silicon carbide substrate 1 and/or the handle subst rate 4 is/are 

placed in a high-vacuum chamber, and the surface(s)  to be bonded 

is/are irradiated with an ion beam such as Ar to th ereby conduct 

an activation treatment. 

[0045] 

 In the immersion treatment in ozone water, the sin gle 

crystal silicon carbide substrate 1 and/or the hand le substrate 

4 is/are immersed in ozone water in which an ozone gas is dissolved 

to thereby conduct an activation treatment on the s urface(s). 

[0046] 

 The above-mentioned surface activation treatments may be 

conducted on either only the single crystal silicon  carbide 

substrate 1 or the handle substrate 4, but it is mo re preferable 

to conduct the surface activation treatment on both  of the single 

crystal silicon carbide substrate 1 and the handle substrate 

4. 

[0047] 

 Furthermore, the surface activation treatment may be 

either one of the above-mentioned methods, or a com bined 

treatment may be conducted.  Furthermore, the surfa ce of the 
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single crystal silicon carbide substrate 1 and the surface of 

the handle substrate 4 to be subjected to the surfa ce activation 

treatment are preferably the surfaces of the thin f ilms 3a and 

3b, which are the surfaces to be bonded. 

[0048] 

(Step 5: step of bonding single crystal silicon car bide substrate 

and handle substrate) 

 Then, the surface of the single crystal silicon ca rbide 

substrate 1 and the surface of the handle substrate  4 which have 

undergone the surface activation treatment (the sur faces of the 

thin films 3a and 3b) are bonded as joint surfaces (Fig. 1(d)). 

[0049] 

 Then, after the bonding of the single crystal sili con 

carbide substrate 1 and the handle substrate 4, a h eat treatment 

at preferably from 150 to 350 °C, more preferably from 150 to 

250 °C is conducted, whereby the bonding strength on the  bonded 

surfaces of the thin films 3a and 3b is improved.  At lower than 

150 °C, a sufficient bond strength cannot be obtained, w hereas 

at greater than 350 °C, peeling due to the difference in heat 

expansion coefficients easily generates at the init ial stage 

of the heat treatment (= at the stage before the bo nd strength 

is sufficiently increased).  During the heat treatm ent, warpage 

of the substrate is generated by the difference in heat expansion 

rates between the single crystal silicon carbide su bstrate 1 

and the handle substrate 4, but the warpage may be suppressed 
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by adopting temperatures that are suitable for the respective 

materials.  The time for the heat treatment is pref erably from 

2 to 24 hours depending on the temperature to some extent. 

[0050] 

 By this way, the thin film 3a and the thin film 3b  are 

tightly bonded to form one layer, an intermediate l ayer 3, and 

the single crystal silicon carbide substrate 1 and the handle 

substrate 4 are strongly and tightly bonded via the  intermediate 

layer 3 to form a bonded substrate 5. 

[0051] 

(Step 6: step of peeling treatment) 

 After the single crystal silicon carbide substrate  1 and 

the handle substrate 4 have been bonded and the bon ding strength 

has been improved, a thermal energy or a mechanical  energy is 

applied to the ion-implanted part to peel the singl e crystal 

silicon carbide substrate 1a at the ion-implanted r egion 2, 

whereby a composite substrate 7 having a single cry stal silicon 

carbide thin film 6 on the handle substrate 4 is pr epared (Fig. 

1(e)). 

[0052] 

 As the peeling process, for example, a heat peelin g process 

in which the bonded substrate 5 is heated to a high  temperature, 

and a fine bubble body of the ion-implanted compone nt is generated 

in the ion-implanted region 2 by this heat to there by separate 

the single crystal silicon carbide substrate 1a, ca n be applied.  
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Alternatively, a mechanical peeling process in whic h the single 

crystal silicon carbide substrate 1a is separated b y mechanically 

generating peeling by applying a physical impact to  one end of 

the ion-implanted region 2 while conducting a heat treatment 

at a low temperature such that heat peeling does no t occur (for 

example, from 500 to 900 °C, preferably from 500 to 700 °C) can 

be applied.  The mechanical peeling process is more  preferable 

since the roughness of a transfer surface after the  transfer 

of the single crystal silicon carbide thin film is relatively 

smaller than that in the heat peeling process. 

[0053] 

 In addition, after the peeling treatment, a heat t reatment 

for improving the tight adhesiveness between the si ngle crystal 

silicon carbide thin film 6 and the handle substrat e 4 may be 

conducted by heating the composite substrate 7 unde r conditions 

of a temperature that is a heating temperature of f rom 700 to 

1,000 °C and higher than the temperature during the peelin g 

treatment, and a heating time of from 1 to 24 hours . 

[0054] 

 At this time, the thin film 3a and the thin film 3 b are 

strongly tight-bonded, and further, the thin film 3 a and the 

single crystal silicon carbide substrate 1 are stro ngly 

tight-bonded, and the thin film 3b and the handle s ubstrate 4 

are strongly tight-bonded.  Therefore, peeling on t he parts 

other than the peeling part on the ion-implanted re gion 2 does 
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not occur. 

[0055] 

 By subjecting again the surface of the single crys tal 

silicon carbide substrate 1a after peeling to polis hing, washing 

or the like, the single crystal silicon carbide sub strate 1a 

can be reused as a substrate for bonding in said me thod for 

manufacturing a composite substrate. 

[0056] 

(Step 7: step of polishing single crystal silicon c arbide thin 

film) 

  The surface of the single crystal silicon carbide  thin 

film 6 on the handle substrate 4 is subjected to mi rror surface 

finishing (Fig. 1(f)).  Specifically, the single cr ystal 

silicon carbide thin film 6 is subjected to chemica l mechanical 

polishing (CMP polishing) to shape the surface into  a mirror 

surface.  The polishing herein may be conventionall y-known CMP 

polishing that is used in the planarization of sili con wafers, 

and the like. 

[0057] 

 The composite substrate 7 obtained as above can be  used 

for forming a nanocarbon film, specifically, for fo rming a 

nanocarbon film on the handle substrate 4 (intermed iate layer 

3) by sublimating silicon atoms from the single cry stal silicon 

carbide thin film 6 by heating.  Specifically, by h eating the 

composite substrate 7 to preferably 1,100 °C or more, more 



29 

preferably from 1,200 to 1,400 °C, further preferably to 1,250 

to 1,350 °C, the silicon atoms (Si) in the single crystal sil icon 

carbide thin film 6 are sublimated, whereby a nanoc arbon film 

having a thickness of about from 50 to 1,500 nm can  be formed.  

It is preferable to set the atmosphere of this heat ing treatment 

to a vacuum atmosphere (reduced pressure) since sil icon atoms 

are easily sublimated.  Furthermore, since the temp erature 

condition at this time is changed depending on the atmosphere, 

the number of sheets to be treated, and the like, t he temperature 

is suitably set to an optimal temperature. 

[0058] 

 The nanocarbon film after the sublimation has a st ructure 

in which fullerene, graphene or carbon nanotube, or  a mixture 

of two or more kinds selected from those is present , depending 

on the conditions for the preparation of the nanoca rbon film, 

and the like.  The structure may be suitably select ed depending 

on use. 

[0059] 

 In this exemplary embodiment, the formation of the  thin 

film 3a in Step 2, or the formation of the thin fil m 3b in Step 

3 may be omitted.  In the case when the thin film 3 a is omitted, 

the ion-implanted surface of the single crystal sil icon carbide 

substrate 1 is polished so as to have a surface rou ghness RMS 

of 1.00 nm or less.  Alternatively, in the case whe n the thin 

film 3b is omitted, the surface of the handle subst rate 4 to 
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be bonded with the single crystal silicon carbide s ubstrate 1 

is polished so as to have a surface roughness RMS o f 1.00 nm 

or less. 

[0060] 

(Second exemplary embodiment) 

 Figs. 2(a) to 2(e) show a drawing of the manufactu re steps 

in the method for manufacturing a composite substra te according 

to the second exemplary embodiment of the present i nvention.  

In this exemplary embodiment, the steps are similar  to those 

of the first exemplary embodiment except that the t hin films 

3a and 3b are not formed, and the treatments are co nducted by 

the following order: a step of implanting hydrogen ion in a single 

crystal silicon carbide substrate (Step 1); a step of smoothening 

the ion-implanted surface of the single crystal sil icon carbide 

substrate (Step 2); a step of smoothening a handle substrate 

(Step 3); a step of subjecting the single crystal s ilicon carbide 

substrate and/or the handle substrate to a surface activation 

treatment (Step 4); a step of bonding the single cr ystal silicon 

carbide substrate and the handle substrate (Step 5) ; a step of 

a peeling treatment (Step 6); and a step of polishi ng the single 

crystal silicon carbide thin film (Step 7).  The si ngle crystal 

silicon carbide substrate 1, ion-implanted region 2  and handle 

substrate 4 are the same as those in the first exem plary 

embodiment. 

[0061] 
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(Step 1: step of implanting hydrogen ion in single crystal silicon 

carbide substrate) 

 Firstly, hydrogen ion or the like is implanted in a single 

crystal silicon carbide substrate 1 to form an ion- implanted 

region 2 (Fig. 2(a)).  This step is the same as tha t in the first 

exemplary embodiment. 

[0062] 

(Step 2: step of smoothening ion-implanted surface of single 

crystal silicon carbide substrate) 

 In this step, the surface to be bonded (ion-implan ted 

surface) with a handle substrate 4 of the single cr ystal silicon 

carbide substrate 1 shown in Fig. 2(a) is formed in to a smooth 

surface having a surface roughness RMS of 1.00 nm o r less.  In 

this case, a single crystal silicon carbide wafer o f a 

commercially available product having a surface rou ghness RMS 

of 1.00 nm or less may be prepared, or the surface may be formed 

into a smooth surface having a surface roughness RM S of 1.00 

nm or less by subjecting the surface to a CMP treat ment after 

the ion-implanting treatment. 

[0063] 

(Step 3: step of smoothening handle substrate) 

 Also in this step, the surface to be bonded with t he single 

crystal silicon carbide substrate 1 of the handle s ubstrate 4 

shown in Fig. 2(b) is formed into a smooth surface having a surface 

roughness RMS of 1.00 nm or less.  Also in this cas e, a 
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commercially available product having a surface rou ghness RMS 

of 1.00 nm or less may be prepared as a handle subs trate, or 

the surface may be formed into a smooth surface hav ing a surface 

roughness RMS of 1.00 nm or less by subjecting the surface to 

a CMP treatment. 

[0064] 

(Step 4: step of surface activation treatment of si ngle crystal 

silicon carbide substrate and/or handle substrate) 

 Subsequently, the surface of the single crystal si licon 

carbide substrate 1 and the surface of the handle s ubstrate 4 

to be bonded are subjected to a plasma activation t reatment, 

a vacuum ion beam treatment or an immersion treatme nt in ozone 

water as a surface activation treatment.  The condi tions for 

the treatment, and the like are the same as those i n the first 

exemplary embodiment. 

[0065] 

(Step 5: step of bonding single crystal silicon car bide substrate 

and handle substrate) 

 The surface of the single crystal silicon carbide substrate 

1 and the surface of the handle substrate 4 which h ave undergone 

the surface activation treatment are bonded as join t surfaces 

(Fig. 2(c)). 

[0066] 

 Then, after the bonding of the single crystal sili con 

carbide substrate 1 and the handle substrate 4, a h eat treatment 
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at preferably from 150 to 350 °C, more preferably from 150 to 

250 °C is conducted, whereby the bonding strength on the  bonded 

surfaces is improved.  At lower than 150 °C, a sufficient bond 

strength cannot be obtained, whereas at greater tha n 350 °C, 

peeling due to the difference in heat expansion coe fficients 

easily generates at the initial stage of the heat t reatment (= 

at the stage before the bond strength is sufficient ly increased).  

During the heat treatment, warpage of the substrate  is generated 

by the difference in heat expansion rates between t he single 

crystal silicon carbide substrate 1 and the handle substrate 

4, but the warpage may be suppressed by adopting te mperatures 

that are suitable for the respective materials.  Th e time for 

the heat treatment is preferably from 2 to 24 hours  depending 

on the temperature to some extent. 

[0067] 

 By this way, a bonded substrate 5 in which the sin gle crystal 

silicon carbide substrate 1 and the handle substrat e 4 are tightly 

attached directly and strongly is formed. 

[0068] 

(Step 6: step of peeling treatment) 

 A thermal energy or a mechanical energy is imparte d to 

the ion-implanted part of the bonded substrate 5 to  peel the 

single crystal silicon carbide substrate 1a at the ion-implanted 

region 2, whereby a composite substrate 7’having th e single 

crystal silicon carbide thin film 6 on the handle s ubstrate 4 
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is prepared (Fig. 2(d)).  The peeling process is th e same that 

in the first exemplary embodiment. 

[0069] 

 At this time, the single crystal silicon carbide s ubstrate 

1 and the handle substrate 4 are strongly tight-att ached.  

Therefore, peeling on the parts other than the peel ing part in 

the ion-implanted region 2 is not generated. 

[0070] 

(Step 7: step of polishing single crystal silicon c arbide thin 

film) 

 The surface of the single crystal silicon carbide thin 

film 6 on the handle substrate 4 is subjected to mi rror surface 

finishing (Fig. 2(e)). 

 

Examples 

[0071] 

 The present invention will be specifically explain ed below 

with referring to Examples and Comparative Examples .  However, 

the present invention is not limited to Examples. 

 The surface roughness RMS was obtained by an atomi c force 

microscope (AFM) by measuring the surface of the su bstrate.  The 

measurement condition was a measurement region of 1 0 µm × 10 

µm. 

[0072] 

[Example 1] 
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 As the single crystal silicon carbide substrate 1,  a single 

crystal silicon carbide wafer having a diameter of 3 inch 

(Polytype 4H, thickness 400 µm) of a commercially available 

product was prepared, and hydrogen ion (H +) was implanted in 

this single crystal silicon carbide wafer at 100 Ke V and a dose 

amount of 8.8 × 10 16 atom/cm 2.  The surface of this single crystal 

silicon carbide wafer had been finished by a CMP tr eatment, and 

had a surface roughness RMS of 0.90 nm. 

 Subsequently, as the handle substrate 4, a polycry stalline 

silicon carbide wafer having a diameter of 3 inch ( thickness: 

400 µm) was prepared, and a silicon oxide (SiO 2) thin film having 

a thickness of 100 nm was formed as a thin film 3b on the main 

surface by a PECVD process, and this thin film was polished by 

a CMP treatment.  The surface roughness RMS was 0.6 0 nm. 

 Subsequently, the ion-implanted surface of the sin gle 

crystal silicon carbide substrate and the thin film -formed 

surface of the handle substrate were subjected to a  plasma 

activation surface treatment, and the surfaces were  bonded.  At 

this time, the bonded substrates were subjected to a heat 

treatment at 150 °C for 5 hours to give a joined body. 

 Subsequently, when this joined body was set in a b oat and 

heated in a heating furnace to 950 °C, heat peeling occurred at 

the ion-implanted region, whereby a composite subst rate in which 

the single crystal silicon carbide thin film had be en 

homogeneously transferred to the polycrystalline si licon 
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carbide wafer through the silicon oxide thin film w as obtained 

(the result of the peeling was fine).  That “the si ngle crystal 

silicon carbide thin film had been homogeneously tr ansferred”, 

means that peeling was not occur on the laminated p art other 

than the ion-implanted region according to visual o bservation. 

 The surface of the composite substrate to which th e single 

crystal silicon carbide thin film had been transfer red had a 

surface roughness RMS of 8.2 nm. 

[0073] 

[Example 2] 

 Using the following two kinds of handle substrates  in the 

method for manufacturing a composite substrate of t he present 

invention, and using a mechanical peeling process a s the peeling 

process, a composite substrate was prepared as foll ows. 

[0074] 

(Example 2-1) 

 As the single crystal silicon carbide substrate 1,  a single 

crystal silicon carbide wafer having a diameter of 3 inch 

(Polytype 4H, thickness 400 µm) of a commercially available 

product was prepared, and hydrogen ion (H +) was implanted in 

this single crystal silicon carbide wafer at 100 Ke V and a dose 

amount of 8.8 × 10 16 atom/cm 2.  The surface of this single crystal 

silicon carbide wafer had been finished by a CMP tr eatment, and 

had a surface roughness RMS of 0.90 nm. 

 Subsequently, as the handle substrate 4, a polycry stalline 
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silicon carbide wafer having a diameter of 3 inch ( thickness: 

400 µm) was prepared, and a silicon oxide (SiO 2) thin film having 

a thickness of 100 nm was formed as a thin film 3b on the main 

surface by a PECVD process, and this thin film was polished by 

a CMP treatment.  The surface roughness RMS was 0.6 0 nm. 

 Subsequently, the ion-implanted surface of the sin gle 

crystal silicon carbide substrate and the thin film -formed 

surface of the handle substrate were subjected to a  plasma 

activation surface treatment, and the surfaces were  bonded.  At 

this time, the bonded substrates were subjected to a heat 

treatment at 150 °C for 5 hours to give a joined body. 

 Subsequently, this joined body was set in a boat a nd heated 

to 880 °C, as a low temperature heat treatment to the exten t that 

heat peeling does not occur, in a heating furnace.  When a 

mechanical impact was imparted to one end of the io n-implanted 

region after the heating treatment time for 30 minu tes had passed, 

mechanical peeling occurred at the ion-implanted re gion, whereby 

a composite substrate in which the single crystal s ilicon carbide 

thin film had been homogeneously transferred to the  

polycrystalline silicon carbide wafer via a silicon  oxide thin 

film was obtained (the result of the peeling was fi ne). 

 The surface to which the single crystal silicon ca rbide 

thin film had been transferred of the composite sub strate had 

a surface roughness RMS of 4.7 nm. 

[0075] 
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(Example 2-2) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 2-1, except that the handle subs trate 4 was 

changed to an amorphous silicon carbide wafer havin g a diameter 

of 3 inch (thickness: 400 µm) in Example 2-1. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the amorphous silicon carbide wafer via a silicon 

oxide thin film was obtained (the result of the pee ling was fine).  

The surface roughness after the CMP treatment of th e thin 

film-formed surface of the handle substrate 4 was 0 .60 nm, and 

the surface roughness RMS of the surface to which t he single 

crystal silicon carbide thin film had been transfer red of the 

composite substrate was 5.1 nm. 

 As mentioned above, the surface roughness of the s urface 

to which the single crystal silicon carbide thin fi lm has been 

transferred of the composite substrate can be decre ased by using 

a mechanical peeling process as the peeling process , and thus 

it is possible to alleviate the burden for subjecti ng this 

transferred surface to mirror surface finishing. 

[0076] 

[Example 3] 

 In the method for manufacturing a composite substr ate of 

the present invention, six kinds of thin films 3a a nd 3b were 

formed on the single crystal silicon carbide substr ate 1 and 
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the handle substrate 4, respectively, to thereby sm oothen the 

surface, and the composite substrate was prepared a s follows. 

[0077] 

(Example 3-1) 

 As the single crystal silicon carbide substrate 1,  a single 

crystal silicon carbide wafer having a diameter of 3 inch 

(Polytype 4H, thickness 400 µm) of a commercially available 

product was prepared, and hydrogen ion (H +) was implanted in 

this single crystal silicon carbide wafer at 100 Ke V and a dose 

amount of 8.8 × 10 16 atom/cm 2. 

 Subsequently, a silicon oxide (SiO 2) thin film having a 

thickness of 100 nm was formed as the thin film 3a on the 

ion-implanted surface of the single crystal silicon  carbide 

substrate 1 by a PECVD process, and this thin film was polished 

by a CMP treatment.  The surface roughness RMS was 0.60 nm. 

 Subsequently, as the handle substrate 4, a polycry stalline 

silicon carbide wafer having a diameter of 3 inch ( thickness: 

400 µm) was prepared, and a silicon oxide (SiO 2) thin film having 

a thickness of 100 nm was formed as a thin film 3b on the main 

surface by a PECVD process, and this thin film was polished by 

a CMP treatment.  The surface roughness RMS was 0.6 0 nm. 

 Subsequently, the thin film-formed surface of the single 

crystal silicon carbide substrate and the thin film -formed 

surface of the handle substrate were subjected to a  plasma 

activation surface treatment, and the surfaces were  bonded.  At 
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this time, the bonded substrates were subjected to a heat 

treatment at 150 °C for 5 hours to give a joined body. 

 Subsequently, this joined body was set in a boat a nd heated 

to 880 °C, as a low temperature heat treatment to the exten t that 

heat peeling does not occur, in a heating furnace.  When a 

mechanical impact was imparted to one end of the io n-implanted 

region after the heating treatment time for 30 minu tes had passed, 

mechanical peeling occurred at the ion-implanted re gion, whereby 

a composite substrate in which the single crystal s ilicon carbide 

thin film had been homogeneously transferred to the  

polycrystalline silicon carbide wafer via a silicon  oxide thin 

film was obtained (the result of the peeling was fi ne). 

[0078] 

(Example 3-2) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-1, except that silicon nitride  (SiN) thin 

films each having a thickness 100 nm were respectiv ely formed 

as thin films 3a and 3b by a sputtering process, an d then these 

thin films are finished by polishing by a CMP treat ment in Example 

3-1. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the polycrystalline silicon carbide wafer via 

a silicon nitride thin film was obtained (the resul t of the peeling 

was fine).  The surface roughnesses of the thin fil m-formed 
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surfaces of the single crystal silicon carbide subs trate 1 and 

the handle substrate 4 after the CMP treatment were  respectively 

0.63 nm. 

[0079] 

(Example 3-3) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-1, except that amorphous silic on carbide 

(SiC) thin films each having a thickness of 100 nm were 

respectively formed as thin films 3a and 3b by a sp uttering process, 

and these thin films were finished by polishing by a CMP treatment 

in Example 3-1. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the polycrystalline silicon carbide wafer via 

a silicon oxide thin film was obtained (the result of the peeling 

was fine).  The surface roughnesses of the thin fil m-formed 

surfaces of the single crystal silicon carbide subs trate 1 and 

the handle substrate 4 after the CMP treatment were  respectively 

0.68 nm. 

[0080] 

(Example 3-4) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-1, except that amorphous silic on (Si) thin 

films each having a thickness of 100 nm were respec tively formed 

as thin films 3a and 3b by a sputtering process, an d these thin 
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films were finished by polishing by a CMP treatment  in Example 

3-1. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the polycrystalline silicon carbide wafer via 

a silicon oxide thin film was obtained (the result of the peeling 

was fine).  The surface roughnesses of the thin fil m-formed 

surfaces of the single crystal silicon carbide subs trate 1 and 

the handle substrate 4 after the CMP treatment were  respectively 

0.65 nm. 

[0081] 

(Example 3-5) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-1, except that thin titanium ( Ti) thin films 

having a thickness of 20 nm were respectively forme d as thin 

films 3a and 3b respectively by an electron beam de position 

process, and were directly used without subjecting to a CMP 

treatment in Example 3-1. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the polycrystalline silicon carbide wafer via 

a silicon oxide thin film was obtained (the result of the peeling 

was fine).  The surface roughnesses of the thin fil m-formed 

surfaces of the single crystal silicon carbide subs trate 1 and 

the handle substrate 4 were respectively 0.71 nm. 
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[0082] 

(Example 3-6) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-1, except that a titanium (Ti)  thin film 

having a thickness of 20 nm and a gold (Au) thin fi lm having 

a thickness of 20 nm were respectively formed by an  electron 

beam deposition process as the thin films 3a and 3b , and the 

thin films were directly used without subjecting to  a CMP 

treatment in Example 3-1. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the polycrystalline silicon carbide wafer via 

a laminated thin film of the titanium thin films an d the gold 

thin films (a thin film having a four-layer structu re of 

Ti/Au/Au/Ti) was obtained (the result of the peelin g was fine).  

The surface roughnesses of the thin film-formed sur faces of the 

single crystal silicon carbide substrate 1 and the handle 

substrate 4 were respectively 0.75 nm. 

[0083] 

[Example 4] 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3, except that the handle substr ate 4 was 

changed to an amorphous silicon carbide wafer havin g a diameter 

of 3 inch (thickness: 400 µm) in Example 3.  The details are 

as follows. 



44 

[0084] 

(Example 4-1) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-1, except that the handle subs trate 4 was 

changed to an amorphous silicon carbide wafer (thic kness: 400 

µm) having a diameter of 3 inch in Example 3-1. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the amorphous silicon carbide wafer via a silicon 

oxide thin film was obtained (the result of the pee ling was fine).  

The surface roughnesses of the thin film-formed sur faces of the 

single crystal silicon carbide substrate 1 and the handle 

substrate 4 after the CMP treatment were respective ly 0.60 nm. 

[0085] 

(Example 4-2) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-2, except that the handle subs trate 4 was 

changed to an amorphous silicon carbide wafer (thic kness: 400 

µm) having a diameter of 3 inch in Example 3-2. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the amorphous silicon carbide wafer via a silicon 

nitride thin film was obtained (the result of the p eeling was 

fine).  The surface roughnesses of the thin film-fo rmed surfaces 

of the single crystal silicon carbide substrate 1 a nd the handle 
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substrate 4 after the CMP treatment were respective ly 0.63 nm. 

[0086] 

(Example 4-3) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-3, except that the handle subs trate 4 was 

changed to an amorphous silicon carbide wafer havin g a diameter 

of 3 inch (thickness: 400 µm) in Example 3-3. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the amorphous silicon carbide wafer via a silicon 

carbide thin film was obtained (the result of the p eeling was 

fine).  The surface roughnesses of the thin film-fo rmed surfaces 

of the single crystal silicon carbide substrate 1 a nd the handle 

substrate 4 after the CMP treatment were respective ly 0.68 nm. 

[0087] 

(Example 4-4) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-4, except that the handle subs trate 4 was 

changed to an amorphous silicon carbide wafer havin g a diameter 

of 3 inch (thickness: 400 µm) in Example 3-4. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the amorphous silicon carbide wafer via a silicon 

thin film was obtained (the result of the peeling w as fine).  

The surface roughnesses of the thin film-formed sur faces of the 
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single crystal silicon carbide substrate 1 and the handle 

substrate 4 after the CMP treatment were respective ly 0.65 nm. 

[0088] 

(Example 4-5) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-5, except that the handle subs trate 4 was 

changed to an amorphous silicon carbide wafer havin g a diameter 

of 3 inch (thickness: 400 µm) in Example 3-5. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the amorphous silicon carbide wafer via a titanium 

thin film was obtained (the result of the peeling w as fine).  

The surface roughnesses of the thin film-formed sur faces of the 

single crystal silicon carbide substrate 1 and the handle 

substrate 4 were respectively 0.71 nm. 

[0089] 

(Example 4-6) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 3-6, except that the handle subs trate 4 was 

changed to an amorphous silicon carbide wafer havin g a diameter 

of 3 inch (thickness: 400 µm) in Example 3-6. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the amorphous silicon carbide wafer via a 

laminated thin film of the titanium thin films and the gold thin 



47 

films (a thin film having a four-layer structure of  Ti/Au/Au/Ti) 

was obtained (the result of the peeling was fine).  The surface 

roughnesses of the thin film-formed surfaces of the  single 

crystal silicon carbide substrate 1 and the handle substrate 

4 were respectively 0.75 nm. 

[0090] 

[Example 5] 

 In the method for manufacturing a composite substr ate of 

the second exemplary embodiment of the present inve ntion, the 

conditions for the surface activation treatment bef ore the 

bonding were changed, and a composite substrate was  prepared 

as follows. 

[0091] 

(Example 5-1) 

 As the single crystal silicon carbide substrate 1,  a single 

crystal silicon carbide wafer having a diameter of 3 inch 

(Polytype 4H, thickness 400 µm) of a commercially available 

product was prepared, and hydrogen ion (H +) was implanted in 

this single crystal silicon carbide wafer at 100 Ke V and a dose 

amount of 8.8 × 10 16 atom/cm 2.  This single crystal silicon carbide 

wafer had a surface finished by a CMP treatment, an d the surface 

had a surface roughness RMS of 0.90 nm. 

 Subsequently, as the handle substrate 4, a polycry stalline 

silicon carbide wafer having a diameter of 3 inch ( thickness: 

400 µm) was prepared.  This polycrystalline silicon carb ide 
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wafer had a surface finished by a CMP treatment, an d the surface 

had a surface roughness RMS of 0.95 nm. 

 Subsequently, the ion-implanted surface of the sin gle 

crystal silicon carbide substrate and the surface t o be bonded 

of the handle substrate were subjected to a plasma activation 

surface treatment, and these surfaces were bonded.  

Subsequently, the bonded substrates were subjected to a heat 

treatment at 150 °C for 5 hours to give a joined body. 

 Subsequently, this joined body was set in a boat a nd heated 

to 880 °C, as a low temperature heat treatment to the exten t that 

heat peeling does not occur, in a heating furnace.  When a 

mechanical impact was imparted to one end of the io n-implanted 

region after the heating treatment time for 30 minu tes had passed, 

mechanical peeling occurred at the ion-implanted re gion, whereby 

a composite substrate in which the single crystal s ilicon carbide 

thin film had been homogeneously transferred to the  

polycrystalline silicon carbide wafer was obtained (the result 

of the peeling was fine). 

[0092] 

(Example 5-2) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 5-1, except that the ion-implant ed surface 

of the single crystal silicon carbide substrate and  the surface 

to be bonded of the handle substrate were subjected  to a vacuum 

ion beam treatment as a surface activation treatmen t before 
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bonding in Example 5-1.  The vacuum ion beam treatm ent was 

conducted by irradiating the surfaces with Ar ion. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the polycrystalline silicon carbide wafer was 

obtained (the result of the peeling was fine). 

[0093] 

(Example 5-3) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 5-1, except that the ion-implant ed surface 

of the single crystal silicon carbide substrate and  the surface 

to be bonded of the handle substrate were subjected  to an immersion 

treatment by ozone water as a surface activation tr eatment before 

bonding in Example 5-1.  The immersion treatment by  ozone water 

was conducted by immersing the substrates in a cont ainer 

containing ultrapure water containing ozone for 10 minutes. 

 As a result, a composite substrate in which the si ngle 

crystal silicon carbide thin film had been homogene ously 

transferred to the polycrystalline silicon carbide wafer was 

obtained (the result of the peeling was fine). 

[0094] 

(Example 5-4) 

 A composite substrate was prepared in a similar ma nner 

to that of Example 5-1, except that the substrates were not treated, 

i.e., the surface activation treatment before bondi ng was not 
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conducted, in Example 5-1. 

 As a result, in the obtained composite substrate, peeling 

of the single crystal silicon carbide thin film fro m the 

polycrystalline silicon carbide wafer generated on a part (by 

a surface area of about 5%) according to visual obs ervation, 

but the major part of the single crystal silicon ca rbide thin 

film had been transferred to the polycrystalline si licon carbide 

wafer with fine tight adhesiveness.  Therefore, the  composite 

substrate was in a state that the composite substra te could be 

used for the formation of a nanocarbon film form. 

[0095] 

[Comparative Example 1] 

 In the method for manufacturing a composite substr ate of 

the second exemplary embodiment of the present inve ntion, the 

conditions for the surface activation treatment bef ore the 

bonding were changed, and a composite substrate was  prepared 

as follows. 

[0096] 

(Comparative Example 1-1) 

 As the single crystal silicon carbide substrate 1,  a single 

crystal silicon carbide wafer having a diameter of 3 inch 

(Polytype 4H, thickness 400 µm) of a commercially available 

product was prepared, and hydrogen ion (H +) was implanted in 

this single crystal silicon carbide wafer at 100 Ke V and a dose 

amount of 8.8 × 10 16 atom/cm 2. 
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 This single crystal silicon carbide wafer had a su rface 

finished by a CMP treatment, and the surface had a surface 

roughness RMS of 0.95 nm. 

 Subsequently, as the handle substrate 4, a polycry stalline 

silicon carbide wafer having a diameter of 3 inch ( thickness: 

400 µm) was prepared.  This polycrystalline silicon carb ide 

wafer had a surface finished by a CMP treatment, an d the surface 

had a surface roughness RMS of 1.05 nm. 

 Subsequently, the ion-implanted surface of the sin gle 

crystal silicon carbide substrate and the surface t o be bonded 

of the handle substrate were subjected to a plasma activation 

surface treatment, and these surfaces were bonded.  

Subsequently, the bonded substrates were subjected to a heat 

treatment at 150 °C for 5 hours to give a joined body. 

 Subsequently, this joined body was set in a boat a nd heated 

to 880 °C, as a low temperature heat treatment to the exten t that 

heat peeling does not occur, in a heating furnace.  When a 

mechanical impact was imparted to one end of the io n-implanted 

region after the heating treatment time for 30 minu tes had passed, 

mechanical peeling occurred at the ion-implanted re gion, whereby 

a composite substrate in which the single crystal s ilicon carbide 

thin film had been homogeneously transferred to the  

polycrystalline silicon carbide wafer was obtained (the result 

of the peeling was fine).  In the obtained composit e substrate, 

the major part (by a surface area of about 90%) of the single 
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crystal silicon carbide thin film was peeled from t he 

polycrystalline silicon carbide wafer according to visual 

observation.  Therefore, the composite substrate wa s in a state 

that the composite substrate could not be used for the formation 

of a nanocarbon film form. 

[0097] 

(Comparative Example 1-2) 

 A composite substrate was prepared in a similar ma nner 

to that of Comparative Example 1-1, except that the  ion-implanted 

surface of the single crystal silicon carbide subst rate and the 

surface to be bonded of the handle substrate were s ubjected to 

a vacuum ion beam treatment as a surface activation  treatment 

before bonding in Comparative Example 1-1.  The vac uum ion beam 

treatment was conducted by irradiating the surfaces  with Ar ion. 

 As a result, in the obtained composite substrate, the major 

part (by a surface area of about 90%) of the single  crystal silicon 

carbide thin film was peeled from the polycrystalli ne silicon 

carbide wafer according to visual observation.  The refore, the 

composite substrate was in a state that the composi te substrate 

could not be used for the formation of a nanocarbon  film form. 

[0098] 

(Comparative Example 1-3) 

 A composite substrate was prepared in a similar ma nner 

to that of Comparative Example 1-1, except that the  ion-implanted 

surface of the single crystal silicon carbide subst rate and the 
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surface to be bonded of the handle substrate were s ubjected to 

an immersion treatment by ozone water as a surface activation 

treatment before bonding in Comparative Example 1-1 .  The 

immersion treatment by ozone water was conducted by  immersing 

the substrates in a container containing ultrapure water 

containing ozone for 10 minutes. 

 As a result, in the obtained composite substrate, the major 

part (by a surface area of about 90%) of the single  crystal silicon 

carbide thin film was peeled from the polycrystalli ne silicon 

carbide wafer according to visual observation.  The refore, the 

composite substrate was in a state that the composi te substrate 

could not be used for the formation of a nanocarbon  film form. 

[0099] 

(Comparative Example 1-4) 

 A composite substrate was prepared in a similar ma nner 

to that of Comparative Example 1-1, except that the  substrates 

were not treated, i.e., the surface activation trea tment before 

bonding was not conducted, in Comparative Example 1 -1. 

 As a result, in the obtained composite substrate, the major 

part (by a surface area of about 90%) of the single  crystal silicon 

carbide thin film was peeled from the polycrystalli ne silicon 

carbide wafer according to visual observation.  The refore, the 

composite substrate was in a state that the composi te substrate 

cannot be used for the formation of a nanocarbon fi lm form. 

[0100] 
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 Although the present invention has been explained with 

referring to the exemplary embodiments, the present  invention 

is not limited to the above-mentioned exemplary emb odiments, 

and can be changed within the scope that can be con ceived by 

a person skilled in the art such as other exemplary  embodiments, 

addition, change and deletion, and either of the em bodiments 

is encompassed in the scope of the present inventio n as long 

as the action and effect of the present invention a re exerted. 

 

Reference Signs List 

[0101] 

1, 1a Single crystal silicon carbide substrate 

2 Ion-implanted region 

3a, 3b Thin film 

3 Intermediate layer 

4 Handle substrate 

5 Bonded substrate 

6 Single crystal silicon carbide thin film 

7, 7’ Composite substrate 
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We claim that: 

 

1. A composite substrate comprising: 

 a single crystal silicon carbide thin film with a 

thickness of 1 µm or less; 

 a handle substrate formed of a heat resistant material 

having a heat resistance temperature of 1,100°C or more (except 
for single crystal silicon carbide) for supporting the single 

crystal silicon carbide thin film; and 

 an intermediate layer with a thickness of 1 µm or less 

disposed between the single crystal silicon carbide thin film 

and the handle substrate, the intermediate layer consisting of 

at least one metal material selected from Ti, Au, Ag, Cu, Ni, 

Co, Fe, Cr, Zr, Mo, Ta and W.  

 

2. The composite substrate according to claim 1, wherein the 

handle substrate is formed of amorphous silicon carbide, 

polycrystalline silicon carbide, quartz glass, sapphire, 

silicon nitride, aluminum nitride, silicon or diamond. 

 

3. A composite substrate comprising: 

 a single crystal silicon carbide thin film with a 

thickness of 1 µm or less; 

 a handle substrate formed of a heat resistant material 

having a heat resistance temperature of 1,100°C or more (except 
for single crystal silicon carbide) for supporting the single 

crystal silicon carbide thin film; and 

 an intermediate layer with a thickness of 1 µm or less 

disposed between the single crystal silicon carbide thin film 

and the handle substrate, the intermediate layer consisting of 

at least one material selected from silicon oxide, silicon 

nitride, aluminum oxide, aluminum nitride, zirconium oxide, 

silicon and silicon carbide.  

 

4. The composite substrate according to claim 3, wherein the 

handle substrate is formed of amorphous silicon carbide, 
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polycrystalline silicon carbide or quartz glass. 

 

5. The composite substrate according to any one of claims 

1 to 4, wherein the single crystal silicon carbide thin film 

is formed by peeling off a part of a single crystal silicon 

carbide substrate. 


