SPECIFICATION

COMPOSITE SUBSTRATE MANUFACTURING METHOD AND COMPBS

SUBSTRATE

Technical Field
[0001]

Thepreseninventiorrelatescamethodormanu
acompositesubstrate,andspecificallyrelatesto
manufacturingacompositesubstrate bywhichanano
canbemanufacturedathighqualityandlowcost,a
substrate manufactured by said manufacturing method
Background Art
[0002]

In recent years, nanocarbons represented by graphe
fullereneandcarbonnanotubesgainattentionasno
for electronic devices. For example, due to extrem
mobility (itis said to be 100 times as large as th
ofsilicon), higherdurabilitythanthatofsteeli
like possessed by graphene, studies on graphene as
for next-generation electronic devices have been pr
[0003]

Some suggestions have been made as methods for for
a nanocarbon, and for example, a sublimation proces
exemplified. Thisisamethodsuchthatsinglecry
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toallowthesilicon (Si)inthe silicon carbideto

and the residual carbon (C) forms graphene (JP 2007
(PatentLiterature1)). Thismethodisamethodth
lotsofattentioninrecentyearsasamethodinwh
wafercanbeobtainedfromasinglecrystalsilicon
(diameter: 6 inches at the maximum). Furthermore,
fullereneandcarbomanotubes ispossiblethat

film is formed by using a single crystal silicon ca
platform substrate.

[0004]

However, there is a problem that the cost increase
using a single crystal silicon carbide wafer, which
expensive. Specifically thepriceofasemi-insul
crystal silicon carbide wafer, which seems importan
in electronic devices, is about several ten thousan
evenonewaferhavingadiameterofaboutthreeinc
the semi-insulating single crystal silicon carbide
adisadvantagethatitistooexpensivetobeused
[0005]

Examplesofthepriorartrelatingtathepresent

include WO 2014/061337 (Patent Literature 2).

Prior Art References
Patent Document
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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
manufacturingacompositesubstrate bywhichanano

havingnodefectcanbemanufacturedatlowcost,a

substrate manufactured by said manufacturing method

Means for solving the Problems
[0008]

Inordertosolvethisproblem,thepresentinvent
invented the following method. Specifically, since
sufficientthatasingle crystalsiliconcarbidela
convertedtographenegenerallyhasathicknessof
ofatomsandthusathicksiliconcarbidelayeris
a single crystal silicon carbide thin film is obtai
transferring a thin film of single crystal silicon
asupportwafer(handlewafer). Specifically,asi
siliconcarbidewaferinwhichhydrogenionhasbee
in advance is bonded to a support wafer to thereby

sufficientbonding strength, and peelingisthenco
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anion-implanted interface. Atthistime, the surf
singlecrystalsiliconcarbidesubstrateandthesu
handle substrate to be bonded are respectively smoo
improvethetightbondingstrengthofthebonding.
manysinglecrystalsiliconcarbidethinfilmscan
fromonesinglecrystalsiliconcarbidewafer,and

in cost is extremely increased.

[0009]

That s, the present invention provides the method
manufacturingacompositesubstrateandthecomposi
mentioned below.

[1] A method for manufacturing a composite substra
including: implanting ion from a surface of a singl
silicon carbide substrate to form an ion-implanted
bonding an ion-implanted surface (hereinafter refer
"ion-implantedsurface")ofthesinglecrystalsili
substrateandamainsurfaceofahandlesubstrate,
thesinglecrystakiliconcarbidesubstrateathe
regionto transfer a single crystal silicon carbide
ontothe handle substrate, whereinthe surfacetob
the single crystal silicon carbide substrate and th
tobebondedofthehandlesubstrateeachhasasur
RMS of 1.00 nm or less.

[2] The method for manufacturing a composite subst
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heat resistant material having a heat resistance te
of1,100 °Cormore(exceptforsinglecrystalsiliconcarbid

[3] The method for manufacturing a composite subst
accordingto[1]or[2],whereinthehandlesubstra
of an amorphous silicon carbide or a polycrystallin
carbide.

[4] The method for manufacturing a composite subst
according to any one of [1] to [3], including formi
filmformedofateastonekindofmaterialselect
oxide, silicon nitride, aluminum oxide, aluminum ni
zirconiumoxide silicorandsiliconcarbideorthe
surfaceofthesinglecrystalsiliconcarbide subst
themainsurfaceofthehandlesubstrate;andpolis
filmtotherebyadjustthesurfaceroughnessRMSof
of the thin film to 1.00 nm or less.

[5] The method for manufacturing a composite subst
according to any one of [1] to [3], including formi
filmformedofatleastonekindofmetalmaterial
Ti, AuAg,CuNi,Co,Fe CrZrMo,TaandWon
surfaceofthesinglecrystalsiliconcarbidesubst
the main surface of the handle substrate; and adjus
surface roughness RMS of the surface of the thin fi
nm or less.

[6] The method for manufacturing a composite subst

according to any one of [1] to [5], including subje
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surface to be bonded of the silicon carbide substra
the surface to be bonded of the handle substrate to
activation treatment, and conducting the bonding.

[7] The method for manufacturing a composite subst
accordingto[6], whereinthe surface activationtr
aplasmaactivation treatment, avacuumion beam tr
an immersion treatment in ozone water.

[8] The method for manufacturing a composite subst
accordingtoanyoneof[1]to[7],includingbondi
crystalsiliconcarbidesubstrateandthehandlesu
applyingaphysicalimpactatheion-implantedreg
peel the single crystal silicon carbide substrate.

[9] A composite substrate obtained by the method f
manufacturingacompositesubstrateaccordingtoan
to [8].

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

the composite substrate is for forming a nanocarbon

Advantageous Effects of Invention
[0010]

According to the present invention, since bonding
conducted by using asingle crystal silicon carbide
and a handle substrate whose surfaces to be bonded
predetermined smoothness, during a peeling treatmen

ion-implantedinterface,whichisconductedaftert
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asingle crystal silicon carbide thinfilm canbet
without peeling at the bonding interface between th
crystal silicon carbide substrate and the handle su
Specifically,asubstrateformedofsiliconcarbide
highhardness,andthusitisdifficulttosmoothen

by polishing. By forming a specific thinfilmont

ofthe substrate, itbecomeseasytosmoothenthes
thus fine tight-adhesion strength can be obtained i
above-mentionedbonding. Furthermore bysubjectin
crystalsiliconcarbidefilmtothin-filmtransfer

substrate jtbecomesunnecessarytopreparemanys
silicon carbide substrates, which are expensive, an
compositesubstratefromwhichananocarbonfilmca

at low costs can be provided.

Brief Description of the Drawings

[0011]

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

manufacturestepsinthefirstexemplaryembodiment
fomanufacturingecompositesubstrateothepres
whereinFig.1(a)isacross-sectionalviewofani
single crystal silicon carbide substrate, Fig. 1(b)
cross-sectional view showing a state in which a thi
beenformedontheion-implantedsurface ofthesin
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showing a state that a thin film has been formed on
surface of ahandle substrate, Fig. 1(d) isa cross
view showing a state that the single crystal silico
substrate and the handle substrate are bonded, Fig.
cross-sectional view showing a state that the sing|
siliconcarbidesubstratehasbeenpeeledattheio
region,andFig. 1(f)isacross-sectional view of
substrate.

Figs. 2(a) to 2(e) are schematic views showing the
manufacture steps in the second exemplary embodimen
methodformanufacturingacompositesubstrateacco
presentinvention,whereinFig.2(a)isacross-sec
ofanion-implantsingle crystal silicon carbide su
whichtheion-implantedsurfacehasbeensmoothened
is a cross-sectional view of a handle substrate in
mainsurfacehasbeensmoothened,Fig.2(c)isacr
view showing a state that the single crystal silico
substrate and the handle substrate are bonded, Fig.
cross-sectional view showing a state that the sing|
siliconcarbidesubstratehasbeenpeeledattheio
region,andFig. 2(e)isacross-sectional view of

substrate.

Description of Embodiments

[0012]
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Theexemplaryembodimentsofthemethodformanufa
a composite substrate and the composite substrate w
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
exemplary embodimentofthe presentinvention, trea
conducted in the following order:

a step of implanting hydrogen ion in a single crys
silicon carbide substrate (Step 1),

a step of smoothening an ion-implanted surface of
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
crystalsilicon carbide substrate and/orthe handle
(Step 4),

a step of bonding the single crystal silicon carbi
substrate and the handle substrate (Step 5),

a step of peeling treatment (Step 6), and

astepofpolishingasinglecrystalsiliconcarbi
film (Step 7).

[0013]
(Steplstepoimplantinghydrogenioninsingle
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crystal silicon carbide substrate 1 to form an ion-
region 2 (Fig. 1(a)).
[0014]

The single crystal silicon carbide substrate 1 th
bondedtothehandlesubstrate4hereinispreferab
fromsinglecrystalsiliconcarbidesubstrateshavi
structuresof4H-SiC,6H-SiCand3C-SiC. Thesize
crystal silicon carbide substrate 1 and the size of
substratedmentionedbelowaresetbasedonthene
cost and the like of a nanocarbon film. Furthermor
thickness of the single crystal silicon carbide sub
Is a thickness in the vicinity of the substrate thi
the SEMI specification or JEIDA specification in vi
handling. Asthesinglecrystalsiliconcarbidesu
a commercially available single crystal silicon car
substrate such as a commercially available single ¢
silicon carbide wafer for power devices can be used

ispreferabletouseasinglecrystalsiliconcarbi

having a plane and smooth surface, wherein said sur

beenfinallypolishedbyaCMP (ChemicalMechanical
(or Planarization)) treatment.

[0015]

During the implantation of ion into the single cry

silicon carbide substrate 1, at least hydrogen ion
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atimplantationenergysuchthattheion-implanted region2can

beformedatadesireddepthfromthesurfaceofth esubstrate.
Asthe condition atthistime, theionimplantation 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
anyionmaybeadoptedaslongasasimilareffect canbeobtained.

The ion implantation depth corresponds to a desire d
thickness of the single crystal silicon carbide thi n film.
[0016]

Thedoseamountofthehydrogenion(H TYimplantedinthe
single crystal silicon carbide substrate 1is prefe rably from

1.0 x10 *atom/cm %t09.0  x10 "atom/cm 2. Whenthedoseamount
is lower than 1.0 x 10 ® atom/cm 2, the embrittlement of the
interface does not occur in some cases, whereas whe nthe dose
amount goes beyond 9.0 x10 " atom/cm 2, air bubbles are formed
duringtheheattreatmentafterthe bonding,andth ustransfer
deficiency occurs in some cases.
[0017]

In the case when hydrogen molecule ion (H 2")isused as
the implant ion, the dose amount thereof is prefera bly 5.0
10 atoms/cm 2to4.5  x10 "atoms/cm 2. Whenthe dose amountis
lowerthan5.0 x10 atoms/cm ?theembrittlemenitheinterface
doesnotoccurinsomecases,whereaswhenthedose amountgoes
beyond4.5 x10 " atoms/cm 2, air bubbles are formed during the

heattreatmentafterthebonding,andthustransfer deficiency
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occurs in some cases.
[0018]

Thedepthfromtheion-implantedsurfaceofthesu
to the ion-implanted region 2 (i.e., ion implantati
correspondstoadesiredthicknessofasinglecrys
carbide thin film 6 to be disposed on the handle su
and is generally from 100 to 2,000 nm, preferably f
500 nm, further preferably about 400 nm. Furthermo
thicknessoftheion-implantedregion2(i.e.,ion
thickness)ispreferablyathicknessthatenablese
by amechanicalimpactorthelike,andis preferab
to 400 nm, further preferably about 300 nm.

[0019]

Furthermore, it is also possible to form an insula
filmsuchasasiliconoxidefilmofabout50to50
onthesurface ofthe singlecrystalsiliconcarbid
1, and implant hydrogen ion or hydrogen molecule io
the insulating film. By this way, an effect to sup
channeling of the implanted ion can be obtained.
[0020]

(Step 2: step of smoothening ion-implanted surface
crystal silicon carbide substrate (Fig. 1(b))

Inthepresentinvention thesurfaceotthesingl

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

surface) is formed into a smooth surface having a s
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roughnessRMSofl.0Onnoiess. Inthiscase;|t

to conduct the smoothening by directly polishing th
of the single crystal silicon carbide substrate 1,

not easy to polish the very hard substrate formed o
carbide. Therefore, in this step, the surface of t
crystalsiliconcarbidesubstratelissmoothenedb
either of Steps 2-1 and 2-2 mentioned below.
[0021]

(Step 2-1)

A thin film 3a having heat resistance against a he
treatment, which is conducted later, and being form
materialhavingaheatexpansioncoefficientthati
with or close to the heat expansion coefficient of
formedsingle crystalsiliconcarbidethinfilm6i
theion-implantedsurfaceofthesinglecrystalsil
substratel. Examplesofthematerialforconstitu
film3ancludealeastonekindoimateriakelec
oxide (forexample, SiO
silicon (for example, amorphous silicon, polycrysta
silicon), alumina (Al
zirconia (ZrO
silicon carbide and polycrystalline silicon carbide
case when plural materials are selected fromthese
the thin film 3a may have either a structure in whi

materialsarerespectivelylaminatedorasinglela
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formed of a material in which those materials are m
[0022]

Thefilmthicknessofthethinfilm3aispreferab
1to200nm,morepreferablyfrom1to100nm,furt
from 1 to 20 nm. If this film thickness is lower t
itis possible that the surface is not covered comp
totheunevennessofthefilmthicknessinthesurf
thetight-adhesivenessofthebondingwiththehand
4isdeteriorated. Furthermore, atgreaterthan20
possiblethatthe surfaceroughnessofthe deposite
3a is deteriorated, and thus a desired smoothness c
obtained even by polishing. In addition, itis nec
adjustthethicknessoftheformedfilmtoafilmt
consideration for the thickness of the polishing th
subsequently conducted after this step.

[0023]

Themethodforformingthethinfilm3amaybeany

aslong as itis a film-forming method by which the
3acanbeformedonthesinglecrystalsiliconcarb
1lwithfinetightadhesiveness. Forexample,itis
thatathinfilmofsilicon oxide isformed by aPE

and thin films of silicon nitride, aluminum nitride

and silicon carbide are formed by a sputtering proc
[0024]

Subsequently,thethinfiim3aispolishedtother
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the surface roughness RMS ofthe surface thereofto
less, preferably 0.80 nm or less, more preferably O
less. When the surface roughness RMS of the thin f
greaterthan1.00nm,peelingoccursatabondingi

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

3b) during a peeling treatment for forming a single
siliconcarbide thinfilm,whichisconductedlater
subsequent heat treatment. The surface roughness R
(Root-mean-square: square meanroughness) meansas
root roughness as referred to in Rq JIS B0601: 2013
[0025]

The method for polishing the thin film 3ais prefe
a chemical mechanical polishing process, and the co
therefordifferdependingonthematerialsofthet
[0026]

(Step 2-2)

Athinfilm3aformedofametalmaterialhavinga
pointof950
material selected fromTi, Au, Ag, Cu, Ni, Co, Fe,

Ta and W, on the ion-implanted surface of the singl
siliconcarbidesubstratel. Byusingthemetalma
ameltingpointof950
from melting during a low temperature heat treatmen
subsequent peeling treatment step. Furthermore, in

when plural metal materials are selected from these

15

°Cormore, forexample, atleastone kind of metal

1.00nmor
.70 nm or
ilm 3ais
nterfacewith
thin film
crystal
,orinthe
MS

quaremean

rably
nditions

hinfilm3a.

melting

Cr,Zr,Mo,
e crystal

terialhaving

°Cormore thethinfilm3acanbeprevented

tin the
the case

metal



materials,thethinflmmayhaveeitherofastruc
those metal materials are respectively laminated, o
layer structure formed of an alloy material of thos
materials.
[0027]
Thefilmthicknessofthethinfilm3aissettop
from 1 to 100 nm, more preferably from 1 to 20 nm,
preferably from 1to 10 nm. Whenthisfilmthickne
than 1 nm,itis possible thatthe surface ofthe s
notcoveredcompletelyduetatheunevennessotthe
inthe surface,andthusthetightadhesiveness of
with the handle substrate 4 is deteriorated. Alter
whenthisfilmthicknessisgreaterthan100nm, it
thatthesurfaceroughnessofthethinfiim3aisd
andthusthetightadhesivenessofthe bonding with
substrate 4 is deteriorated.
[0028]
Themethodforformingthethinfilm3amaybeany
as long as it is a film formation method by which a
be formed with fine tight adhesiveness on the singl
siliconcarbidesubstrate 1. Forexample,itispr
form the thin film 3a by an electron beam depositio
[0029]
In the present Step 2-2, by only forming the thin

3abythe deposition of the above-mentioned metalm
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(i.e., without polishing), the surface roughness RM
surfacethereofcanbeadjustedto1.00nmorless,
0.80nmoressmorepreferably0.75nmoiess.

roughnessRMSofthethinfilm3aisgreaterthanl

S of the
preferably
Whenthesurface

.00nm,peeling

occursatabondinginterfacewiththehandlesubst rate4(i.e.,
aninterfacewiththethinfilm3b),duringapeeli ngtreatment
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 2totherebyformthet hinfilm 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))
Asthehandlesubstrate 4usedinthe presentinve ntion,
ahandle substrate formed of a heat resistant mater ial having
a heat resistance temperature of 1,100 °C or more (except for
singlecrystalsiliconcarbide)ispreferable,and forexample,
handlesubstratesformedofsiliconcarbidesthata renotsingle
crystals,i.e.,amorphoussiliconcarbideand polyc rystalline
siliconcarbide,orquartzglass,sapphire,crystal linesilicon
(singlecrystalsiliconandpolycrystallinesilicon ), silicon
nitride,diamondoraluminumnitridecanbeused. Amongthose,

17



handle substrates formed of amorphous silicon carbi
polycrystalline silicon carbide, which has a heat e
coefficient that is close to that of single crystal
carbide and has heat resistance against a heat trea
conductedlateraremorepreferable. Byusingahe
materialhavingaheatresistancetemperatureofl,

the substrate can be prevented from damaging by the
treatmentinthe subsequentstepofpolishingasin
siliconcarbidethinfilm. Furthermore althought
othehandlesubstratedisnotspecificallylimit

in the vicinity of the general SEMI specification o
specificationispreferableinviewothandling,as

crystal silicon carbide substrate 1.

[0032]

Athinfilm3bformedofamaterialthathasheat
againstaheattreatmentthatisconductedlater,a
expansion coefficient that is identical with or clo
heatexpansioncoefficientofthesinglecrystalsi
thin film 6, is formed on at least a surface to be
the single crystal silicon carbide substrate 1 of t
substrate 4 to thereby smoothen the surface of the
substrate4. Asimilartreatmenttothatintheab
Step 2-1 or 2-2 is conducted here.

Specifically,thetreatmentcorrespondingtoStep

conducted as shown below.
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First, the thin film 3b formed of at least one kin
material selected from silicon oxides (for example,
silicon nitride, aluminum nitride, silicon (for exa
amorphoussilicon, polycrystalline silicon), alumin
zirconium oxides (for example, zirconia (ZrO
carbides (for example, amorphous silicon carbide,
polycrystallinesiliconcarbide)onasurfacetobe
the single crystal silicon carbide substrate 1 of t
substrate 4. In the case when plural materials are
fromthesematerials thethinfilm3bmayhaveeit
inwhichthosematerialsarerespectivelylaminated
layer structure formed of a material in which those
are mixed.

[0033]

The film thickness of the thin film 3b in this cas
preferably from 1to 200 nm, more preferably from 1
further preferably from 1to 20 nm. Ifthisfilmt
lowerthan1nm,itispossiblethatthe surfaceis
completely due to the unevenness of the film thickn
surface, and thus the tight-adhesiveness of the bon
thesinglecrystalsiliconcarbidesubstratelisd
Furthermore, at greater than 200 nm, it is possible
surfaceroughnessofthedepositedthinfiim3bis
andthusadesiredsmoothnesscannotbeobtainedev

Inaddition jtisnecessarytoadjustthethicknes
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film to a film thickness with consideration for the
ofthepolishingthatissubsequentlyconductedaft
[0034]

Themethodforformingthethinfilm3bmaybeany
aslong as itis a film-forming method by which the
3b can be formed on the handle substrate 4 with fin
adhesiveness,andforexample,itispreferabletha
of silicon oxide is formed by a PECVD process and t
of silicon nitride, aluminum nitride, silicon, alum
zirconiumoxidesandsiliconcarbideareformedby
process.

[0035]

Subsequently,thethinfiim3bispolishedtother
the surface roughness RMS ofthe surface thereofto
less, preferably 0.80 nm or less, more preferably O
less. When the surface roughness RMS of the thin f
greaterthan1.00nm,peelingoccursatabondingi
the single crystal silicon carbide substrate 1 (i.e
interface with the thin film 3a), during a peeling
for forming a single crystal silicon carbide thin f
Is conducted later, or in the subsequent heat treat
[0036]

The method for polishing the thin film 3b is prefe
a chemical mechanical polishing process, and the co

therefordifferdependingonthematerialsofthet
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[0037]
Furthermore, the treatmentcorresponding to Step 2
conducted as follows.
Athinfilm3bformedofatieastonekindofmeta
selected from metal materials having a melting poin
or more suchasTi, Au, Ag, Cu, Ni, Co, Fe, Cr, Zr,
Wisformedonasurfacetobebonded(mainsurface
withthesinglecrystalsiliconcarbidesubstratel

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

-2is

Imaterial
tof950 °C
Mo, Taand
)tobebonded
ofthehandle

amelting

pointof 950 °C ormore, the thin film 3a can be prevented from

melting in alow temperature heat treatmentinthe
stepofpeelingreatment. Furthermorejnthec

metal materials are selected from these metal mater
thin film may have either of a structure inwhich t
materialsarerespectivelylaminated presingld

formed of an alloy material of those metal material
[0038]

The film thickness of the thin film 3b in this cas
setto preferably from 1 to 100 nm, more preferably
20 nm, further preferably from 1 to 10 nm. When th
thicknessislower than 1 nm, itis possible that t
ofthesubstrateisnotcoveredcompletelyduetot
of the film thickness in the surface, and thus the
adhesiveness of the bonding with the single crystal

carbidesubstratelisdeteriorated. Alternatively
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filmthicknessis greaterthan 100 nm, itis possib
surfaceroughnessofthethinfilm3bisdeteriorat
the tight adhesiveness of the bonding with the sing
silicon carbide substrate 1 is deteriorated.
[0039]

Themethodforformingthethinfilm3bmaybeany
as long as it is a film formation method by which a
beformedwithfinetightadhesivenessonthe handl
4. For example, itis preferable to form the thin
an electron beam deposition process.

[0040]

In this treatment, by only forming the thin film 3
thedepositionoftheabove-mentionedmetalmateria
without polishing), the surface roughness RMS of th
thereofcanbe adjustedto 1.00nmorless, prefera
or less, more preferably 0.75 nm or less. When the
roughnessRMSofthethinfilm3bisgreaterthanl
occurs at abonding interface with the single cryst
carbidesubstratel1(i.e.,aninterfacewiththeth
duringapeelingtreatmentforformingasinglecry
carbidethinfilm,whichisconductedlater,orin
heat treatment.

[0041]

In addition, itis preferable to use the same mate

astheconstitutionalmaterialoftheabove-mention
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3aasthematerialforconstitutingthethinfilm3

tight adhesiveness of the bonding is improved. Fur
itispreferabletosetthesurfaceroughnessesof
3aand3btobewithinacertainrange(forexample
othesurfaceroughnessesswithin

RMS), since the tight adhesiveness of the bonding i
improved.

[0042]

(Step4:stepofsurfaceactivationtreatmentofsi

silicon carbide substrate and/or handle substrate)

Subsequently, the surface ofthe single crystal si
carbide substrate 1 and the surface of the handle s
to be bonded, i.e., the surfaces of the thin films
are subjected to a plasma activation treatment, av
beam treatment or an immersion treatment in ozone w
surface activation treatment.

[0043]

Among these, in the case when the plasma activatio
treatment is conducted, the single crystal silicon
substrateland/orthehandlesubstratedthathas/
the treatments up to the above-mentioned Step 3 is/
inavacuumchamber,aplasmagasisintroducedund
pressure, then the substrate(s) is/are exposed to a
high-frequency wave at about 100 W for about5to 1

to thereby subject the surface(s) to a plasma activ
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treatment. Asthe plasma gas, an oxygen gas, a hyd rogen gas,
anitrogengas,anargongasoramixedgasthereof ,oramixed

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

[0044]

In the vacuum ion beam treatment, the single cryst al
siliconcarbidesubstrateland/orthehandlesubst ratedis/are
placedinahigh-vacuumchamber,andthesurface(s) tobebonded
is/areirradiatedwithanionbeamsuchasArtoth erebyconduct

an activation treatment.

[0045]

In the immersion treatment in ozone water, the sin gle
crystalsiliconcarbidesubstrateland/orthehand lesubstrate
dis/areimmersedinozonewaterinwhichanozone gasisdissolved
tothereby conductan activationtreatmentonthe s urface(s).
[0046]

Theabove-mentionedsurfaceactivationtreatments maybe
conducted on either only the single crystal silicon carbide
substratelorthehandlesubstrate4,butitismo repreferable
toconductthesurfaceactivationtreatmentonboth ofthesingle
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
thehandlesubstrate4tobesubjectedtothesurfa
treatmentare preferablythe surfacesofthethinf
3b, which are the surfaces to be bonded.
[0048]
(Stepb:stepofbondingsinglecrystalsiliconcar

and handle substrate)

Then, the surface of the single crystal silicon ca
substratelandthesurfaceofthehandlesubstrate
undergonethesurfaceactivationtreatment(thesur
thinfilms3aand3b)arebondedasjointsurfaces

[0049]

Then, after the bonding of the single crystal sili

carbidesubstratelandthehandlesubstrate4,ah

surface of
ceactivation

ilms3aand

bidesubstrate

rbide
4whichhave

facesofthe

(Fig.1(d)).

con

eattreatment

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

250 °Cisconducted, wherebythe bonding strengthonthe

surfacesofthethinfiims3aand3bisimproved.

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

bonded

Atlowerthan

hereas

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

expansion coefficients easily generates at the init
ofthe heattreatment (=atthe stage before the bo
issufficientlyincreased). Duringtheheattreatm
ofthesubstrateisgeneratedbythedifferencein

rates between the single crystal silicon carbide su

and the handle substrate 4, but the warpage may be
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by adopting temperaturesthat are suitable for the
materials. Thetimeforthe heattreatmentispref

2 to 24 hours depending on the temperature to some
[0050]

By this way, the thin film 3a and the thin film 3b
tightlybondedtoformonelayer,anintermediatel
the single crystal silicon carbide substrate 1 and
substratedarestronglyandtightlybondedviathe
layer 3 to form a bonded substrate 5.

[0051]
(Step 6: step of peeling treatment)

Afterthesinglecrystalsiliconcarbidesubstrate
thehandlesubstrate4havebeenbondedandthebon
has beenimproved, athermal energy or amechanical
applied to the ion-implanted part to peel the singl
silicon carbide substrate 1a at the ion-implanted r
wherebyacompositesubstrate7havingasinglecry
carbidethinfiim6onthehandlesubstrate4ispr
1(e)).

[0052]

Asthepeelingprocess forexample aheatpeelin
inwhichthebondedsubstrate5isheatedtoahigh
andafinebubblebodyottheon-implantedcompone
intheion-implantedregion 2 bythisheattothere

thesinglecrystalsiliconcarbidesubstratela,ca
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Alternatively,amechanicalpeelingprocessinwhic
crystakiliconcarbidesubstratelasseparatedo
generating peeling by applying aphysicalimpactto
the ion-implanted region 2 while conducting a heat
atalowtemperaturesuchthatheatpeelingdoesno
example, from 500 to 900
beapplied. Themechanicalpeelingprocessismore
since the roughness of a transfer surface after the
ofthe single crystal silicon carbide thinfilmis
smaller than that in the heat peeling process.
[0053]

Inaddition afterthepeelingtreatment,aheatt
forimprovingthetightadhesivenessbetweenthesi
silicon carbide thin film 6 and the handle substrat
conductedbyheatingthecompositesubstrate7unde
of atemperature thatis a heating temperature of f
1,000 °C and higher than the temperature during the peelin
treatment, and a heating time of from 1 to 24 hours
[0054]

At this time, the thin film 3a and the thin film 3
strongly tight-bonded, and further, the thin film 3
single crystal silicon carbide substrate 1 are stro
tight-bonded, and the thin film 3b and the handle s
are strongly tight-bonded. Therefore, peeling on t

otherthanthe peelingpartontheion-implantedre
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not occur.
[0055]
By subjecting again the surface of the single crys

siliconcarbidesubstratelaaftempeelingtopolis

tal

hing,washing

or the like, the single crystal silicon carbide sub strate la
can be reused as a substrate for bonding in said me thod for
manufacturing a composite substrate.

[0056]

(Step7:stepofpolishingsinglecrystalsiliconc arbidethin
film)

Thesurfaceofthesinglecrystalsiliconcarbide thin
film6onthehandlesubstrate4issubjectedtomi rrorsurface
finishing (Fig. 1(f)). Specifically, the single cr ystal
siliconcarbidethinfilm6issubjectedtochemica Imechanical
polishing (CMP polishing) to shape the surface into a mirror
surface. Thepolishinghereinmaybeconventionall y-knownCMP
polishingthatisusedinthe planarizationofsili conwafers,
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 onthe handle substrate 4 (intermed iate layer
3)bysublimatingsiliconatomsfromthesinglecry stalsilicon
carbide thin film 6 by heating. Specifically, by h eatingthe
composite substrate 7 to preferably 1,100 °C or more, more

28



preferably from 1,200t0 1,400 °C, further preferably to 1,250

t01,350 °C,thesiliconatoms(Si)inthesinglecrystalsil
carbide thin film 6 are sublimated, whereby a nanoc
having athickness of aboutfrom50to 1,500 nm can
Itispreferabletosettheatmosphereofthisheat
toavacuumatmosphere (reduced pressure) since sil
are easily sublimated. Furthermore, since the temp
conditionatthistimeischangeddependingonthe
thenumberofsheetstobetreated,andthelike,t

Is suitably set to an optimal temperature.

[0058]

Thenanocarbonfilmafterthesublimationhasast
inwhichfullerene, graphene or carbon nanotube, or
oftwoormorekindsselectedfromthoseispresent
on the conditions for the preparation of the nanoca
andthelike. Thestructuremaybesuitablyselect
on use.

[0059]

Inthis exemplary embodiment, the formation of the
film 3ain Step 2, orthe formation ofthe thinfil
3maybeomitted. Inthecasewhenthethinfilm3
theion-implantedsurfaceofthesinglecrystalsil
substrate 1 is polished so as to have a surface rou
of 1.00 nm or less. Alternatively, inthe case whe

film 3b is omitted, the surface of the handle subst
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be bonded with the single crystal silicon carbide s
Is polished so as to have a surface roughness RMS o
or less.
[0060]
(Second exemplary embodiment)
Figs.2(a)to2(e)showadrawingofthemanufactu
inthemethodformanufacturingacompositesubstra
to the second exemplary embodiment of the present i
In this exemplary embodiment, the steps are similar
of the first exemplary embodiment except that the t
3aand 3b are not formed, and the treatments are co
thefollowingorder:astepofimplantinghydrogen
crystakiliconcarbidesubstrate(Stepl) astep
theion-implantedsurfaceofthesinglecrystalsil
substrate (Step 2); a step of smoothening a handle
(Step3);astepofsubjectingthesinglecrystals
substrate and/or the handle substrate to asurface
treatment(Step4);astepofbondingthesinglecr
carbide substrate andthe handle substrate (Step5)
apeelingtreatment(Step6);andastepofpolishi
crystalsiliconcarbidethinfilm(Step7). Thesi
siliconcarbidesubstrate 1,ion-implantedregion2
substrate 4 are the same as those in the first exem
embodiment.

[0061]
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(Steplstepoimplantinghydrogenioninsingle
carbide substrate)
Firstly,hydrogenionorthelikeisimplantedin
crystal silicon carbide substrate 1 to form an ion-
region2(Fig.2(a)). Thisstepisthesameastha
exemplary embodiment.
[0062]
(Step 2: step of smoothening ion-implanted surface
crystal silicon carbide substrate)
In this step, the surface to be bonded (ion-implan
surface)withahandlesubstrate4ofthesinglecr
carbide substrate 1 showninFig. 2(a) isformedin
surface havingasurface roughnessRMSof1.00nmo
this case, a single crystal silicon carbide wafer o
commercially available producthavingasurface rou
of1.00nmorlessmaybeprepared,orthesurface
into a smooth surface having a surface roughness RM
nm or less by subjecting the surface to a CMP treat
the ion-implanting treatment.
[0063]
(Step 3: step of smoothening handle substrate)
Alsointhisstep,thesurfacetobebondedwitht
crystal silicon carbide substrate 1 of the handle s
showninFig.2(b)isformedntoasmoothsurface

roughness RMS of 1.00 nm or less. Also in this cas
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commercially available producthavingasurface rou
of 1.00 nm or less may be prepared as a handle subs
thesurfacemaybeformedintoasmoothsurfacehav
roughness RMS of 1.00 nm or less by subjecting the
a CMP treatment.
[0064]
(Step4:stepofsurfaceactivationtreatmentofsi
silicon carbide substrate and/or handle substrate)
Subsequently, the surface ofthe single crystal si
carbide substrate 1 and the surface of the handle s
to be bonded are subjected to a plasma activation t
avacuumionbeamtreatmentoranimmersiontreatme
water as a surface activation treatment. The condi
thetreatment, andthe like are the same asthosei
exemplary embodiment.
[0065]
(Step5:stepofbondingsinglecrystalsiliconcar
and handle substrate)
Thesurfaceothesinglecrystakiliconcarbide
landthesurfaceofthehandlesubstrate4whichh
the surface activation treatmentare bonded asjoin
(Fig. 2(c)).
[0066]
Then, after the bonding of the single crystal sili

carbidesubstratelandthehandlesubstrate4,ah
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at preferably from 150 to 350
250 °Cisconducted, wherebythe bonding strengthonthe
surfaces isimproved. Atlowerthan 150

strength cannot be obtained, whereas at greater tha
peeling due to the difference in heat expansion coe
easilygeneratesattheinitial stage ofthe heatt
athestagebeforethebondstrengthissufficient
Duringtheheattreatment,warpageofthesubstrate

by the difference in heat expansion rates between t
crystal silicon carbide substrate 1 and the handle

4, butthe warpage may be suppressed by adopting te
that are suitable for the respective materials. Th

the heattreatmentis preferably from 2 to 24 hours

on the temperature to some extent.

[0067]

Bythiswvay @bondedsubstratesinwhichthesin
siliconcarbidesubstratelandthehandlesubstrat
attached directly and strongly is formed.

[0068]
(Step 6: step of peeling treatment)

A thermal energy or a mechanical energy is imparte
the ion-implanted part of the bonded substrate 5 to
singlecrystalsiliconcarbidesubstratelaatthe
region 2, whereby a composite substrate 7’having th

crystal silicon carbide thin film 6 on the handle s
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isprepared (Fig.2(d)). Thepeelingprocessisth
in the first exemplary embodiment.
[0069]

Atthistime thesinglecrystalsiliconcarbides
1 and the handle substrate 4 are strongly tight-att
Therefore, peelingonthe parts otherthanthe peel
the ion-implanted region 2 is not generated.
[0070]
(Step7:stepofpolishingsinglecrystalsiliconc
film)

The surface of the single crystal silicon carbide
film6onthehandlesubstrate4issubjectedtomi

finishing (Fig. 2(e)).

Examples
[0071]

Thepresentnventiorwilbespecificallyexplain
withreferringtoExamplesandComparativeExamples

the present invention is not limited to Examples.

ThesurfaceroughnessRMSwasobtainedbyanatomi

microscope(AFM)bymeasuringthesurfaceofthesu

measurement condition was a measurement region of 1

pm.
[0072]

[Example 1]
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Asthesinglecrystalsiliconcarbidesubstratel, asingle

crystal silicon carbide wafer having a diameter of 3inch
(Polytype 4H, thickness 400 pum) of a commercially available
product was prepared, and hydrogen ion (H ") was implanted in
thissinglecrystalsiliconcarbidewaferat100Ke Vandadose

amountof8.8  x10 ®atom/cm 2. Thesurfaceofthissinglecrystal
siliconcarbidewaferhadbeenfinishedbyaCMPtr eatment,and

had a surface roughness RMS of 0.90 nm.

Subsequently asghehandlesubstrated goolycry stalline
silicon carbide wafer having a diameter of 3inch ( thickness:
400 um)wasprepared,andasiliconoxide(SiO 2)thinfilmhaving
athickness of 100 nmwas formed as a thin film 3b onthe main
surface byaPECVD process, andthisthinfilmwas 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
activationsurfacetreatment,andthesurfaceswere 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,whenthisjoinedbodywassetinab oatand
heatedinaheating furnaceto 950 °C, heatpeelingoccurredat
theion-implantedregion wherebyacompositesubst rateinwhich
the single crystal silicon carbide thin film had be en
homogeneously transferred to the polycrystalline si licon
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carbidewaferthroughthesiliconoxidethinfilmw
(theresultofthepeelingwasfine). That“thesi
siliconcarbidethinfilmhadbeenhomogeneouslytr
means that peeling was not occur on the laminated p
thantheion-implantedregionaccordingtovisualo
Thesurfaceofthecompositesubstratetowhichth
crystal silicon carbide thin film had been transfer
surface roughness RMS of 8.2 nm.
[0073]
[Example 2]
Usingthefollowingtwokindsofhandlesubstrates
method for manufacturing a composite substrate oft
invention,andusingamechanicalpeelingprocessa
process, a composite substrate was prepared as foll
[0074]
(Example 2-1)
Asthesinglecrystalsiliconcarbidesubstratel,
crystal silicon carbide wafer having a diameter of
(Polytype 4H, thickness 400
product was prepared, and hydrogen ion (H

thissinglecrystalsiliconcarbidewaferat100Ke

amountof8.8  x10 ®atom/cm 2. Thesurfaceofthissinglecrystal

siliconcarbidewaferhadbeenfinishedbyaCMPtr
had a surface roughness RMS of 0.90 nm.

Subsequently ashehandlesubstrate4 gpolycry
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silicon carbide wafer having a diameter of 3inch (
400 um)wasprepared,andasiliconoxide(SiO
athickness of 100 nmwas formed as a thin film 3b

surface bya PECVD process, andthisthinfilmwas

a CMP treatment. The surface roughness RMS was 0.6

Subsequently, the ion-implanted surface of the sin

crystal silicon carbide substrate and the thin film
surface of the handle substrate were subjected to a
activationsurfacetreatment,andthesurfaceswere

this time, the bonded substrates were subjected to
treatment at 150

Subsequently thisjoinedbodywassetinaboata

to880 °C,asalowtemperatureheattreatmenttotheexten

heat peeling does not occur, in a heating furnace.

mechanicalimpactwasimpartedtooneendoftheio

regionaftettheheatingreatmentimefor30minu

mechanicalpeelingoccurredatheion-implantedre

acompositesubstrateinwhichthesinglecrystals

thin film had been homogeneously transferred to the

polycrystallinesiliconcarbidewaferviaasilicon

film was obtained (the result of the peeling was fi
The surface to which the single crystal silicon ca

thin film had been transferred of the composite sub

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

tothatof Example 2-1, exceptthatthe handle subs
changedtoanamorphoussiliconcarbidewaferhavin
of 3 inch (thickness: 400 pm) in Example 2-1.
As aresult, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferredtotheamorphoussiliconcarbidewafer
oxidethinfilmwasobtained(theresultotthepee
The surface roughness after the CMP treatment of th
film-formed surface ofthe handle substrate 4was0
the surface roughness RMS of the surface to which t
crystal silicon carbide thin film had been transfer
composite substrate was 5.1 nm.
Asmentionedabove,thesurfaceroughnessofthes
towhichthesingle crystal silicon carbidethinfi
transferredofthecompositesubstratecanbedecre
amechanical peeling process as the peeling process
it is possible to alleviate the burden for subjecti
transferred surface to mirror surface finishing.
[0076]
[Example 3]
Inthe methodformanufacturingacomposite substr
the presentinvention, six kinds of thin films 3a a

formed on the single crystal silicon carbide substr
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the handle substrate 4, respectively, tothereby sm oothenthe
surface, andthe composite substrate was prepared a sfollows.
[0077]

(Example 3-1)

Asthesinglecrystalsiliconcarbidesubstratel, asingle
crystal silicon carbide wafer having a diameter of 3inch
(Polytype 4H, thickness 400 pum) of a commercially available
product was prepared, and hydrogen ion (H ") was implanted in
thissinglecrystalsiliconcarbidewaferat100Ke Vandadose
amount of 8.8 x 10 *® 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 1byaPECVDprocess,andthisthinfilm waspolished
by a CMP treatment. The surface roughness RMS was 0.60 nm.

Subsequently ashehandlesubstrate4 gpolycry stalline
silicon carbide wafer having a diameter of 3inch ( thickness:
400 pum)wasprepared,andasiliconoxide(SiO 2)thinfilmhaving
athickness of 100 nmwas formed as a thin film 3b onthe main
surface bya PECVD process, andthisthinfilmwas polished by
a CMP treatment. The surface roughness RMS was 0.6 0 nm.

Subsequently,thethinfilm-formedsurfaceofthe single
crystal silicon carbide substrate and the thin film -formed
surface of the handle substrate were subjected to a plasma
activationsurfacetreatment,andthesurfaceswere bonded. At
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this time, the bonded substrates were subjected to
treatment at 150 °C for 5 hours to give a joined body.

Subsequently thisjoinedbodywassetinaboata
to880 °C,asalowtemperatureheattreatmenttotheexten
heat peeling does not occur, in a heating furnace.
mechanicalimpactwasimpartedtooneendoftheio
regionaftettheheatingreatmentimefor30minu
mechanicalpeelingoccurredatheion-implantedre
acompositesubstrateinwhichthesinglecrystals
thin film had been homogeneously transferred to the
polycrystallinesiliconcarbidewaferviaasilicon
film was obtained (the result of the peeling was fi
[0078]

(Example 3-2)

A composite substrate was prepared in a similar ma
tothatof Example 3-1, exceptthatsiliconnitride
films each having a thickness 100 nm were respectiv
asthinfilms3aand3bbyasputteringprocess,an
thinfilmsarefinishedbypolishingbyaCMPtreat
3-1.

As a result, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferred to the polycrystalline silicon carbide
asilicomitridethinfilmwasobtainedtheresul

was fine). The surface roughnesses of the thin fil
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surfacesofthesinglecrystalsiliconcarbide subs trateland
thehandlesubstratedaftertheCMPtreatmentwere respectively
0.63 nm.

[0079]

(Example 3-3)

A composite substrate was prepared in a similar ma nner
tothat of Example 3-1, exceptthatamorphous silic on carbide
(SiC) thin films each having a thickness of 100 nm were
respectivelyformedagthinfilms3aand3bbyasp utteringprocess,
andthesethinfilmswerefinishedbypolishingby aCMPtreatment

in Example 3-1.

As aresult, 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
asiliconoxidethinfilmwasobtained(theresult ofthepeeling
was fine). The surface roughnesses of the thin fil m-formed
surfacesofthesinglecrystalsiliconcarbide subs trateland
thehandlesubstrated4aftertheCMPtreatmentwere respectively
0.68 nm.

[0080]

(Example 3-4)

A composite substrate was prepared in a similar ma nner
tothatofExample3-1,exceptthatamorphoussilic on(Si)thin
filmseachhavingathicknessof100nmwererespec tivelyformed
asthinfilms3aand3bbyasputteringprocess,an dthesethin
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filmswerefinished by polishingbya CMP treatment
3-1.

As aresult, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferred to the polycrystalline silicon carbide
asiliconoxidethinfilmwasobtained(theresult
was fine). The surface roughnesses of the thin fil
surfacesofthesinglecrystalsiliconcarbide subs
thehandlesubstratedaftertheCMPtreatmentwere
0.65 nm.

[0081]

(Example 3-5)

A composite substrate was prepared in a similar ma

tothatofExample3-1,exceptthatthintitanium(

having a thickness of 20 nm were respectively forme
films 3a and 3b respectively by an electron beam de
process, and were directly used without subjecting
treatment in Example 3-1.

As a result, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferred to the polycrystalline silicon carbide
asiliconoxidethinfilmwasobtained(theresult
was fine). The surface roughnesses of the thin fil
surfacesofthesinglecrystalsiliconcarbide subs

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

to that of Example 3-1, except that a titanium (Ti)
having a thickness of 20 nm and a gold (Au) thin fi

a thickness of 20 nm were respectively formed by an
beam deposition process as the thin films 3a and 3b
thin films were directly used without subjecting to
treatment in Example 3-1.

As a result, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferred to the polycrystalline silicon carbide
alaminated thin film of the titanium thin films an
thin films (a thin film having a four-layer structu
Ti/Au/Au/Ti)wasobtained(theresultofthepeelin
Thesurfaceroughnessesofthethinfilm-formedsur
single crystal silicon carbide substrate 1 and the
substrate 4 were respectively 0.75 nm.

[0083]

[Example 4]

A composite substrate was prepared in a similar ma

to that of Example 3, except that the handle substr
changedtoanamorphoussiliconcarbidewaferhavin

of 3 inch (thickness: 400

as follows.
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[0084]
(Example 4-1)

A composite substrate was prepared in a similar ma
tothatof Example 3-1, exceptthatthe handle subs
changedto anamorphoussilicon carbide wafer (thic
pum) having a diameter of 3 inch in Example 3-1.

As a result, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferredtotheamorphoussiliconcarbidewafer
oxidethinfilmwasobtained(theresultotthepee
Thesurfaceroughnessesofthethinfilm-formedsur
single crystal silicon carbide substrate 1 and the
substrate 4 afterthe CMP treatmentwererespective
[0085]

(Example 4-2)

A composite substrate was prepared in a similar ma
tothatof Example 3-2, exceptthatthe handle subs
changedtoanamorphoussilicon carbide wafer (thic
um) having a diameter of 3 inch in Example 3-2.

As aresult, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferredtotheamorphoussiliconcarbidewafer
nitride thin film was obtained (the result of the p
fine). Thesurfaceroughnessesotthethinfilm-fo

ofthesinglecrystalsiliconcarbidesubstratela
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substrate 4 afterthe CMP treatmentwererespective
[0086]

(Example 4-3)

A composite substrate was prepared in a similar ma

tothatof Example 3-3, exceptthatthe handle subs
changedtoanamorphoussiliconcarbidewaferhavin
of 3 inch (thickness: 400
As aresult, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferredtotheamorphoussiliconcarbidewafer
carbide thin film was obtained (the result of the p
fine). Thesurfaceroughnessesotthethinfilm-fo
ofthesinglecrystalsiliconcarbidesubstratela
substrate 4 afterthe CMP treatmentwererespective
[0087]

(Example 4-4)

A composite substrate was prepared in a similar ma

tothatof Example 3-4, exceptthatthe handle subs

changedtoanamorphoussiliconcarbidewaferhavin

of 3 inch (thickness: 400
As a result, a composite substrate in which the si

crystal silicon carbide thin film had been homogene

transferredtotheamorphoussiliconcarbidewafer

thin film was obtained (the result of the peeling w

Thesurfaceroughnessesofthethinfilm-formedsur
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single crystal silicon carbide substrate 1 and the
substrate 4 afterthe CMP treatmentwererespective
[0088]

(Example 4-5)

A composite substrate was prepared in a similar ma

tothatof Example 3-5, exceptthatthe handle subs

changedtoanamorphoussiliconcarbidewaferhavin

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

As a result, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferredtatheamorphoussiliconcarbidewafer
thin film was obtained (the result of the peeling w
Thesurfaceroughnessesofthethinfilm-formedsur
single crystal silicon carbide substrate 1 and the
substrate 4 were respectively 0.71 nm.

[0089]

(Example 4-6)

A composite substrate was prepared in a similar ma

tothatof Example 3-6, exceptthatthe handle subs

changedtoanamorphoussiliconcarbidewaferhavin

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

As a result, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferred to the amorphous silicon carbide wafer

laminatedthinfilmofthetitaniumthinfilmsand
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films(athinfilmhavingafour-layerstructureof Ti/Au/Au/Ti)

wasobtained(theresultofthepeelingwasfine). Thesurface
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]

Inthe methodformanufacturingacomposite substr ateof
the second exemplary embodiment ofthe presentinve 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)

Asthesinglecrystalsiliconcarbidesubstratel, asingle
crystal silicon carbide wafer having a diameter of 3inch
(Polytype 4H, thickness 400 pum) of a commercially available
product was prepared, and hydrogen ion (H ") was implanted in
thissinglecrystalsiliconcarbidewaferat100Ke Vandadose

amounbB.8  x10 fatom/cm 2. Thissinglecrystakiliconcarbide
waferhadasurfacefinishedbyaCMPtreatment,an dthesurface

had a surface roughness RMS of 0.90 nm.

Subsequently ashehandlesubstrate4 gpolycry stalline
silicon carbide wafer having a diameter of 3inch ( thickness:
400 um) was prepared. This polycrystalline silicon carb ide

a7



waferhadasurfacefinishedbyaCMPtreatment,an
had a surface roughness RMS of 0.95 nm.

Subsequently, the ion-implanted surface of the sin
crystalsiliconcarbide substrateandthesurfacet
of the handle substrate were subjected to a plasma
surface treatment, and these surfaces were bonded.
Subsequently, the bonded substrates were subjected
treatment at 150 °C for 5 hours to give a joined body.

Subsequently thisjoinedbodywassetinaboata
to880 °C,asalowtemperatureheattreatmenttotheexten
heat peeling does not occur, in a heating furnace.
mechanicalimpactwasimpartedtooneendoftheio
regionaftettheheatingreatmentimefor30minu
mechanicalpeelingoccurredatheion-implantedre
acompositesubstrateinwhichthesinglecrystals
thin film had been homogeneously transferred to the
polycrystallinesiliconcarbidewaferwasobtained
of the peeling was fine).

[0092]
(Example 5-2)

A composite substrate was prepared in a similar ma
tothat of Example 5-1, exceptthat the ion-implant
ofthesinglecrystalsiliconcarbidesubstrateand
tobebondedofthehandlesubstrateweresubjected

ion beam treatment as a surface activation treatmen
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bonding in Example 5-1. The vacuum ion beam treatm
conducted by irradiating the surfaces with Ar ion.

As aresult, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferred to the polycrystalline silicon carbide
obtained (the result of the peeling was fine).

[0093]

(Example 5-3)

A composite substrate was prepared in a similar ma

tothat of Example 5-1, exceptthat the ion-implant
ofthesinglecrystalsiliconcarbidesubstrateand
tdbebondedothehandlesubstrateweresubjected
treatmentbyozonewaterasasurfaceactivationtr
bondinginExample5-1. Theimmersiontreatmentby
was conducted by immersing the substrates in a cont
containing ultrapure water containing ozone for 10
As a result, a composite substrate in which the si
crystal silicon carbide thin film had been homogene
transferred to the polycrystalline silicon carbide
obtained (the result of the peeling was fine).
[0094]

(Example 5-4)

A composite substrate was prepared in a similar ma

tathatbofExampleb-1 excepthathesubstrates

i.e.,the surface activation treatmentbefore bondi
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conducted, in Example 5-1.

Asaresult,intheobtainedcompositesubstrate,
of the single crystal silicon carbide thin film fro
polycrystalline silicon carbide wafer generated on
a surface area of about 5%) according to visual obs
but the major part of the single crystal silicon ca
filmhadbeentransferredtothepolycrystallinesi
waferwithfinetightadhesiveness. Therefore, the
substrate wasin a state thatthe composite substra
used for the formation of a nanocarbon film form.

[0095]
[Comparative Example 1]

Inthe methodformanufacturingacomposite substr
the second exemplary embodiment ofthe presentinve
conditions for the surface activation treatment bef
bonding were changed, and a composite substrate was
as follows.

[0096]
(Comparative Example 1-1)

Asthesinglecrystalsiliconcarbidesubstratel,
crystal silicon carbide wafer having a diameter of
(Polytype 4H, thickness 400
product was prepared, and hydrogen ion (H
thissinglecrystalsiliconcarbidewaferat100Ke
2

amount of 8.8 x 10 % atom/cm
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This single crystal silicon carbide wafer had a su
finished by a CMP treatment, and the surface had a
roughness RMS of 0.95 nm.

Subsequently ashehandlesubstrate4 gpolycry
silicon carbide wafer having a diameter of 3inch (

400 um) was prepared. This polycrystalline silicon carb
waferhadasurfacefinishedbyaCMPtreatment,an
had a surface roughness RMS of 1.05 nm.

Subsequently, the ion-implanted surface of the sin
crystalsiliconcarbide substrateandthesurfacet
of the handle substrate were subjected to a plasma
surface treatment, and these surfaces were bonded.
Subsequently, the bonded substrates were subjected
treatment at 150

Subsequently thisjoinedbodywassetinaboata
to880 °C,asalowtemperatureheattreatmenttotheexten
heat peeling does not occur, in a heating furnace.
mechanicalimpactwasimpartedtooneendoftheio
regionaftettheheatingreatmentimefor30minu
mechanicalpeelingoccurredatheion-implantedre
acompositesubstrateinwhichthesinglecrystals
thin film had been homogeneously transferred to the
polycrystallinesiliconcarbidewaferwasobtained
ofthepeelingwasfine). Intheobtainedcomposit

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

polycrystalline silicon carbide wafer according to visual
observation. Therefore,thecompositesubstratewa sinastate
thatthecompositesubstratecouldnotbeusedfor theformation

of a nanocarbon film form.
[0097]

(Comparative Example 1-2)

A composite substrate was prepared in a similar ma nner
tothatofComparativeExamplel-1excepthathe ion-implanted
surfaceofthesinglecrystalsiliconcarbidesubst rateandthe
surfacetobebondedofthe handle substratewere s ubjectedto
avacuumion beam treatmentas a surface activation treatment
beforebondinginComparativeExamplel-1. Thevac uumionbeam
treatmentwasconductedbyirradiatingthesurfaces withArion.

Asaresult,intheobtainedcompositesubstrate, themajor
part(byasurfaceareaofabout90%)othesingle crystalkilicon
carbide thinfilmwas peeled from the polycrystalli ne silicon
carbidewaferaccordingtovisualobservation. The refore,the
compositesubstratewasinastatethatthecomposi tesubstrate
could notbe usedforthe formation ofananocarbon filmform.

[0098]

(Comparative Example 1-3)

A composite substrate was prepared in a similar ma nner
tothatofComparativeExamplel-1excepthathe ion-implanted
surfaceofthesinglecrystalsiliconcarbidesubst rateandthe
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surfacetobebondedofthe handle substratewere s ubjectedto

animmersion treatment by ozone water as a surface activation
treatment before bonding in Comparative Example 1-1 . The
immersion treatmentby ozone water was conducted by immersing
the substrates in a container containing ultrapure water

containing ozone for 10 minutes.

Asaresult,intheobtainedcompositesubstrate, themajor
part(byasurfaceareaofabout90%)othesingle crystalkilicon
carbide thinfilm was peeled from the polycrystalli ne silicon
carbidewaferaccordingtovisualobservation. The refore,the
compositesubstratewasinastatethatthecomposi tesubstrate
could notbe usedforthe formation ofananocarbon filmform.

[0099]

(Comparative Example 1-4)

A composite substrate was prepared in a similar ma nner
tothatof Comparative Example 1-1, exceptthatthe substrates
werenottreated,i.e.,thesurfaceactivationtrea tmentbefore
bonding was not conducted, in Comparative Example 1 -1.

Asaresult,intheobtainedcompositesubstrate, themajor
part(byasurfaceareaofabout90%)othesingle crystalkilicon
carbide thinfilmwas peeled from the polycrystalli ne silicon
carbidewaferaccordingtovisualobservation. The refore,the
compositesubstratewasinastatethatthecomposi tesubstrate
cannot be used for the formation of a nanocarbon fi Im form.

[0100]
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Although the present invention has been explained
referringtothe exemplary embodiments, the present
is not limited to the above-mentioned exemplary emb
and can be changed within the scope that can be con
apersonskilledintheartsuchasotherexemplary
addition, change and deletion, and either of the em
is encompassed in the scope of the present inventio

astheactionand effectofthe presentinventiona

Reference Signs List

[0101]

1, 1a Single crystal silicon carbide substrate
2 lon-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 claimthat:

1. A conposite substrate conprising:

a single crystal silicon carbide thin filmwith a
t hi ckness of 1 umor |ess;

a handl e substrate fornmed of a heat resistant materi al
havi ng a heat resi stance tenperature of 1, 100°Cor nore (except
for single crystal silicon carbide) for supporting the single
crystal silicon carbide thin film and

an internmedi ate |ayer with a thickness of 1 umor |ess
di sposed between the single crystal silicon carbide thinfilm
and t he handl e substrate, the internedi ate | ayer consi sti ng of
at |l east one netal material selected fromTi, Au, Ag, Cu, N,
Co, Fe, Cr, Zr, Mo, Ta and W

2. The conposite substrate accordingtoclaiml, whereinthe
handl e substrate is fornmed of anorphous silicon carbide,

pol ycrystalline silicon carbide, quartz glass, sapphire,
silicon nitride, alumnumnitride, silicon or dianond.

3. A conposite substrate conprising:

a single crystal silicon carbide thin filmwith a
t hi ckness of 1 umor |ess;

a handl e substrate fornmed of a heat resistant materi al
havi ng a heat resi stance tenperature of 1, 100°Cor nore (except
for single crystal silicon carbide) for supporting the single
crystal silicon carbide thin film and

an internedi ate |ayer with a thickness of 1 umor |ess
di sposed between the single crystal silicon carbide thinfilm
and t he handl e substrate, the internedi ate | ayer consi sti ng of
at |least one material selected fromsilicon oxide, silicon
nitride, alum num oxide, alum numnitride, zirconium oxide,
silicon and silicon carbide.

4. The conposite substrate accordingtoclaim3, whereinthe
handl e substrate is fornmed of anorphous silicon carbide,

55



pol ycrystalline silicon carbide or quartz gl ass.

5. The conposite substrate according to any one of clains
1to 4, wherein the single crystal silicon carbide thin film
is formed by peeling off a part of a single crystal silicon
car bi de substrate.
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