DESCRI PTI ON

METHOD FOR MANUFACTURI NG SEM CONDUCTOR SUBSTRATE AND
SEM CONDUCTOR SUBSTRATE

TECHNI CAL FI ELD
[ 0001]

The present invention relates to: a nethod for
manuf acturing a sem conductor substrate having a
sem conductor single crystal layer on an insulator film
such as an SO (Silicon On Insulator) substrate; and a
sem conductor substrate.

BACKGROUND ART
[ 0002]

Exanpl es of sem conductor substrates for
sem conductor devices include an SO (Silicon On
| nsul ator) substrate having a silicon |ayer fornmed on a
silicon oxide film (hereinafter, sometines referred to
as an SO layer), which is an insulator film This SO
substrate has characteristics such as a small parasitic
capaci tance or high radiation hardness ability since the
SO layer of a substrate surface |ayer portion which is
to be a device fabrication region is electrically
separated fromthe inside of the substrate by a buried
oxide filmlayer (BOX layer). Thus, effects such as a
hi gh- speed | ow- consunpti on- power operation or soft error
preventi on are expected, and this substrate is regarded
as a viabl e high-performance sem conductor device
substrat e.
[ 0003]

Exanpl es of typical methods for manufacturing such

an SO substrate include a wafer bonding nethod and a



SI MOX net hod. The wafer bonding nethod is, for exanpl e,
a nethod for manufacturing an SO substrate in the
following manner. A thermal oxide filmis formed on a
surface of one of two single crystal silicon substrates
(silicon wafers). Then, the two wafers are adhered to
one another via the formed thermal oxide film and a
bondi ng heat treatnent is performed in order to enhance
bondi ng strength. After that, one of the wafers (the
wafer that fornms the SO |ayer (hereinafter, bond
wafer)) is thinned by mrror-polishing or the like.

Met hods of this thinning include: a nmethod of grinding
and polishing the bond wafer to a desired thickness; a
met hod called an ion inplantation delam nati on net hod,
whi ch includes form ng an ion inplanted | ayer by

I mpl anting at |east one kind out of a hydrogen ion or
rare gas ions into a bond wafer in advance, and then
del am nating the bond wafer at the ion inplanted | ayer
after the bonding; and the like. The SIMOX nethod is a
met hod for manufacturing an SO substrate by ion-

I npl anti ng oxygen into a single crystal silicon
substrate, and then formng a BOX | ayer by perform ng a
hi gh-tenperature heat treatnment (an oxide-filmform ng
heat treatnment) to make the inplanted oxygen and silicon
react.

[ 0004]

Pat ent Docunents 1 and 2 disclose form ng an oxide
filmhaving an epitaxial relationship with a silicon
single crystal substrate on a surface of the silicon
single crystal substrate and depositing an epitaxi al
| ayer on the oxide filmto fabricate an SO wafer.
Meanwhil e, in Patent Docunment 3, it is disclosed that a
silicon nitride filmcan be used as a buried insulator

filmin a method for manufacturing an SO wafer by an



ion inplantation del am nati on net hod.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0005]

Pat ent Docunment 1: JP 5168990 B2

Pat ent Docunent 2: JP 5205840 B2

Pat ent Docunment 3: WO 2004/ 010505 Al

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0006]

Met hods for manufacturing an SO wafer include a
bondi ng net hod as descri bed above, but there are
problenms that material costs arise since two wafers are
bonded toget her, and that the nunmber of steps in
manufacturing is great. In the SIMOX nethod, too, there
is a problemthat there are many manufacturing steps
such as ion inplantation and high-tenperature heat
treatment. In view of the quality of the SO |ayer and
BOX | ayer to be formed and the degree of freedom and
uniformty of the filmthickness, the ion inplantation
del am nation nethod is the nost prom sing anong the
above-descri bed nmet hods for manufacturing an SO
substrate. However, in order to obtain an SO | ayer
having a thickness of 10 nm for exanmple, it is
necessary to adjust the filmthickness by form ng an SO
| ayer thicker than that, and then performa sacrificial
oxi dation treatnment. Therefore, the process becones
conplicated, and high costs cannot be avoi ded.

[ 0007]
The silicon nitride filmas an insulator film

di sclosed in Patent Docunent 3 has a large dielectric



constant conpared with a silicon oxide film and

t heref ore, has an advantage that the silicon nitride
filmfunctions as a buried insulator filmof an SO
wafer at a thin filmthickness. However, Patent
Docunments 1 and 2 do not disclose or suggest formng a
silicon nitride filmas a buried insulator film No
met hod has been known which nakes it possible to obtain
an SO substrate by a sinple nethod with high
productivity when formng a silicon nitride filmas a
buried insulator film

[ 0008]

The present invention has been nade to solve the
above problens. An object of the present invention is
to provide: a nmethod for manufacturing a sem conduct or
substrate such as an SO substrate having an insul ator
filmand a sem conductor single crystal |ayer on the
insulator filmon a surface of a silicon single crystal
substrate by which a sem conductor substrate can be
obtained by a sinple method with high productivity at
| ow cost, even when the insulator film provided between
the silicon single crystal substrate and the
sem conductor single crystal layer is a silicon nitride

film and a sem conductor substrate.

SOLUTI ON TO PROBLEM
[ 0009]

The present invention has been nade to achieve the
obj ect, and provides a nethod for manufacturing a
sem conductor substrate by form ng an insulator film and
a sem conductor single crystal |ayer successively on a
surface of a silicon single crystal substrate to
manuf act ure a seni conductor substrate having the

sem conductor single crystal |layer on the insulator film



t he method conprising at | east the steps of:

forming a silicon nitride film having an epitaxial
relationship with the silicon single crystal substrate
on the surface of the silicon single crystal substrate
as the insulator filmby subjecting the silicon single
crystal substrate to a heat treatnment under a nitrogen
gas- cont ai ni ng at nosphere; and

form ng the sem conductor single crystal |ayer on
the silicon nitride film by epitaxial growth.

[ 0010]

According to such a nmethod for manufacturing a
sem conductor substrate, a sem conductor substrate can
be provided by a sinmple nethod with high productivity at
| ow cost.

[0011]

In this event, the nethod can be a nethod for
manuf acturing a sem conductor substrate where the heat
treat ment under the nitrogen gas-containing atnosphere
is performed at a tenperature of 800°C or higher.
[0012]

In this manner, a silicon nitride film can be
formed nore stably and certainly w thout | osing
productivity.

[ 0013]

In this event, the nethod can be a nethod for
manuf acturing a sem conductor substrate where by using
an epitaxial growth apparatus as an apparatus for
perform ng the heat treatnment, the silicon nitride film
is forned, and then an atnospheric gas inside the
epi taxial growth apparatus is switched to a gas for
growi ng the sem conductor single crystal |ayer to
performthe epitaxial growth.

[ 0014]



In this manner, a high-quality sem conductor
substrate can be obtained by an extrenely sinple nmethod
nore efficiently with higher productivity at | ower cost.
[ 0015]

In this event, the nethod can be a nethod for
manuf acturing a sem conductor substrate where the
sem conductor single crystal |ayer is one of an Si |ayer,
an SiGe |ayer, a Ge layer, or a conpound sem conduct or
| ayer.

[ 0016]

In this manner, it is possible to obtain a
sem conductor substrate having a better-quality
sem conductor single crystal |ayer.

[0017]

In this event, the nethod can be a nethod for
manuf acturing a sem conductor substrate where the
sem conductor single crystal layer is an Si |layer, and a
gas for the epitaxial growth of the Si layer is
trichl orosil ane.

[ 0018]

In this manner, an SO sem conductor substrate can
be obtained with higher productivity at | ower cost.
[ 0019]

In this event, the nethod can be a nethod for
manuf acturing a sem conductor substrate where the
silicon nitride filmhas a filmthickness of 2 nm or
| ess.

[ 0020]

In this manner, a silicon nitride film having an
epitaxial relationship with the underlying silicon
single crystal substrate can be obtained nore stably and
certainly.

[ 0021]



In this event, the nethod can be a nethod for
manuf acturing a sem conductor substrate where a
plurality of layers of the silicon nitride filmand the
sem conductor single crystal |ayer are forned
alternately.

[ 0022]

In this manner, it is also possible to adjust the
di el ectric breakdown strength between the silicon single
crystal substrate and the uppernost sem conductor single
crystal |ayer needed in total. Simlarly, by lam nating
a plurality of the layers alternately, it is also
possible to forma stacked structure of a vertical
mul tilayer nmenory, a three-dinensional stacked
Integrated circuit, etc.

[ 0023]

In this event, the nethod can be a nethod for
manuf acturing a sem conductor substrate where a silicon
single crystal substrate doped with nitrogen or oxygen
beforehand is used as the silicon single crystal
substrat e.

[ 0024]

In this manner, the silicon nitride |layer itself,
a silicon oxynitride layer or a silicon oxide |ayer is
additionally formed by the thermal history of the
formation of the silicon nitride film and the subsequent
formation of the sem conductor crystal |ayer, and the
subsequent additional thermal history. Thus, the
initially formed thickness of the silicon nitride |ayer
can be thickened.

[ 0025]

In this event, the nethod can be a nethod for

manuf acturing a sem conductor substrate where a silicon

single crystal substrate having a plane orientation of



(111) is used as the silicon single crystal substrate.
[ 0026]

The surface structure of a silicon single crystal
substrate having a plane orientation of (111) is simlar
to the atomc structure of a silicon nitride film
(Si3Ns), and can therefore be used suitably for form ng
a silicon nitride film having an epitaxial relationship
with a silicon single crystal substrate. This makes it
possible to obtain a silicon nitride film having an
epitaxial relationship with the underlying silicon
single crystal substrate with nore stability and
certainty.

[ 0027]

I n addition, the present invention provides a
sem conductor substrate having an insulator filmand a
sem conductor single crystal layer on the insulator film
on a surface of a silicon single crystal substrate,
wher ei n

the insulator filmis a silicon nitride film
having an epitaxial relationship with the silicon single
crystal substrate and

t he sem conductor single crystal |ayer is an
epi taxial growth |ayer.

[ 0028]

Such a sem conductor substrate has a high-quality
sem conductor single crystal |ayer that can be obtained
sinmply and at | ow cost.

[ 0029]

In this event, the sem conductor substrate can be
a sem conductor substrate in which the sem conduct or
single crystal layer is one of an Si |ayer, an Si Ge
| ayer, a Ge |ayer, or a conmpound sem conductor |ayer.

[ 0030]



This gives a better-quality sem conductor single
crystal |ayer.
[ 0031]

In this event, the silicon nitride filmof the
sem conductor substrate can have a filmthickness of 2
nm or | ess.

[ 0032]

This allows a silicon nitride film having an
epitaxial relationship with the underlying silicon
single crystal substrate nore stably and certainly.

[ 0033]

In this event, the sem conductor substrate can
have a plurality of layers of the silicon nitride film
and the sem conductor single crystal |ayer alternately.
[ 0034]

This makes it possible to adjust the dielectric
breakdown strength needed in total between the silicon
single crystal substrate and the uppernost sem conduct or
single crystal layer. 1In addition, a stacked structure
of a vertical nultilayer nmenory, a three-di nensional
stacked integrated circuit, and so forth can also be
formed with the sem conductor substrate.

[ 0035]

In this event, the silicon single crystal
substrate of the sem conductor substrate can have a
pl ane orientation of (111).

[ 0036]

This provides a silicon nitride film having an
epitaxial relationship with the underlying silicon
single crystal substrate with nore stability and

certainty.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
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[ 0037]

As descri bed above, according to the inventive
met hod for manufacturing a sem conductor substrate, it
Is possible to provide a sem conductor substrate having
a silicon nitride filmas an insulator filmand a high-
quality sem conductor single crystal |ayer sinply and at

| ow cost.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0038]

FIG 1 shows a conceptual diagram of a
sem conductor substrate according to the present
i nvention along with a manufacturing flow.

FIG 2 shows a cross-sectional TEM observation
phot ograph of an SO wafer (sem conductor substrate) of
Exanpl e 1.

FIG 3 shows a partial enlarged view (lattice
i mge) of FIG 2.

FIG 4 shows a cross-sectional TEM observation
phot ograph of an SO wafer (sem conductor substrate) of
Exanpl e 2.

FIG 5 shows a partial enlarged view (lattice
i mge) of FIG 4.

DESCRI PTI ON OF EMBODI MENTS
[ 0039]

Herei nafter, the present invention will be
described in detail, but the present invention is not
limted thereto.

[ 0040]

As descri bed above, a nethod for manufacturing a

sem conductor substrate and a sem conductor substrate

have been desired that nake it possible to obtain a
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sem conductor substrate by a sinple nmethod with high
productivity even when an insulator film provided
between a silicon single crystal substrate and a

sem conductor single crystal layer is a silicon nitride
film

[ 0041]

The present inventors have earnestly studied the
probl em and found out that when a silicon single crystal
substrate is subjected to a heat treatnment (thermal
nitridation) under a nitrogen gas-containing atnosphere,
the silicon nitride filmformed on a surface of the
silicon single crystal substrate has an epitaxia
relationship with the underlying silicon single crystal
substrate. Furthernore, the present inventors have
concei ved that such a silicon nitride film enables a
sem conductor single crystal layer to be formed by
epitaxial growth on a surface of the film and conpl eted
t he present invention.

[ 0042]

That is, the present inventors have found out that
it is possible to provide a sem conductor substrate
having a silicon nitride filmas an insulator filmand a
hi gh-quality sem conductor single crystal |ayer sinply
and at | ow cost by a nmethod for manufacturing a
sem conductor substrate by form ng an insulator film and
a sem conductor single crystal |ayer successively on a
surface of a silicon single crystal substrate to
manuf acture a sem conductor substrate having the
sem conductor single crystal |layer on the insulator film
the nmethod including at |east the steps of:

forming a silicon nitride film having an epitaxial
relationship with the silicon single crystal substrate

on the surface of the silicon single crystal substrate
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as the insulator filmby subjecting the silicon single
crystal substrate to a heat treatnment under a nitrogen
gas- cont ai ni ng at nosphere; and

form ng the sem conductor single crystal |ayer on
the silicon nitride filmby epitaxial growth. Thus, the
present invention has been conpl et ed.

[ 0043]

The present inventors have also found out that it
I's possible to achieve a sem conductor substrate having
a silicon nitride filmas an insulator filmand a high-
quality sem conductor single crystal |ayer and that can
be obtained by a | ow-cost and sinple method by providing
a sem conduct or substrate having an insulator filmand a
sem conductor single crystal |ayer on the insulator film
on a surface of a silicon single crystal substrate,
wher ei n

the insulator filmis a silicon nitride film
having an epitaxial relationship with the silicon single
crystal substrate and

t he sem conductor single crystal |ayer is an
epitaxial growth layer. Thus, the present invention has
been conpl et ed.

[ 0044]

Hereinafter, a description will be given with
reference to the draw ngs.
[ 0045]

In the present invention, a “silicon nitride film
havi ng an epitaxial relationship” neans a silicon
nitride filmhaving crystallinity at a |evel that allows
the epitaxial growth of a sem conductor single crystal
| ayer such as a single crystal Si |ayer.

[ 0046]
(Sem conductor Substrate)
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Firstly, the sem conductor substrate according to
the present invention will be described. FIG 1 (c)
shows the inventive sem conductor substrate 10. The
I nventive sem conductor substrate 10 has at |east a
silicon nitride film2 having an epitaxial relationship
as an insulator filmand a sem conductor single crystal
| ayer 3 on the silicon nitride film2 on a surface of a
silicon single crystal substrate 1.

[ 0047]

The silicon single crystal substrate 1 is not
particularly limted as long as it is a silicon single
crystal, and the orientation of the surface, resistivity
of the substrate, conductivity type (p or n), type of
dopant, dianeter (area), thickness, etc. can be
appropriately selected and set according to usage. The
silicon single crystal substrate 1 can be an FZ
substrate or a CZ substrate, and physical properties
such as the oxygen concentration in the crystal are not
particularly limted either.

[ 0048]

The silicon single crystal substrate 1 preferably
has a plane orientation of (111). The surface structure
of a silicon single crystal substrate having a pl ane
orientation of (111) is simlar to the atom c structure
of a silicon nitride film(SisNs). Therefore, such a
silicon single crystal substrate can be used suitably
for formng a silicon nitride film having an epitaxi al
relationship with the silicon single crystal substrate.
[ 0049]

In addition, in the inventive sem conductor
substrate, when a thin silicon nitride filmof 2 nm or
| ess, for example, is provided over a wi de range (for

exanmpl e, the entire surface of the wafer), the silicon
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nitride filmon the silicon single crystal substrate
needs to have high uniformty. 1In this case, it is
preferable to use, as the silicon single crystal
substrate, a wafer obtained by subjecting a silicon
single crystal substrate to an annealing treatnent

bef orehand or a wafer obtained by providing a silicon
single crystal substrate with an epitaxial silicon |ayer
bef orehand. The surface flatness of the wafer is

I nproved by the annealing treatnment or epitaxial growth,
and a silicon nitride film2 having higher uniformty
can be achi eved.

[ 0050]

I n addition, the plane orientation of the silicon
single crystal substrate 1 can be given an off-angle to
i ntroduce an atomc step. Thus, it is possible to
i ncrease the step growmth rate of the silicon nitride
filmand i nprove the uniformty of the silicon nitride
film Simlarly, when the whole silicon single crystal
substrate or a surface thereof has a high-concentration
dopant or a high concentration of oxygen or a silicon
precipitate thereof, it is also possible to increase the
step growh rate of the silicon nitride filmby the
i nfluence of distortion, the reaction of the dopant,
oxygen, or precipitate, or the |like and achieve a
silicon nitride film 2 having high uniformty.

[ 0051]

Al t hough details of a manufacturing nmethod will be
described later, the silicon nitride film2 is formed by
the nitridation of silicon by a heat treatnment in a
ni trogen gas-containing atnosphere, and is a “silicon
nitride filmhaving an epitaxial relationship” with the
silicon single crystal substrate 1.

[ 0052]
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Such a silicon nitride film2 preferably has a
filmthickness of 2 nmor |ess, since the thinner the
filmthickness, the nore stably the silicon nitride film
2 sustains the epitaxial relationship with the
underlying silicon single crystal substrate 1.

[ 0053]

In addition, a silicon nitride film has a higher
et ching resistance property to high-tenperature gas than
a silicon oxide film Therefore, it is possible to use
trichlorosilane as an Si source when formng an Si | ayer
by epitaxial growth as a sem conductor single crystal
| ayer 3 described below. In the above-described Patent
Docunments 1 and 2, a nonosilane gas is used as a source
gas when formng a Si single crystal |ayer by epitaxial
growth. However, when the insulator filmis a silicon
nitride filmas in the inventive sem conductor substrate
10, it is possible to use trichlorosilane, which is |ess
expensive than nonosilane and has a high growth rate,
when form ng a sem conductor single crystal layer 3 of a
Si layer on the insulator film by epitaxial growh.

Thus, advantages can be obtained regarding cost in mass
pr oducti on.
[ 0054]

The sem conductor single crystal layer 3 is an
epitaxial growth layer. This sem conductor single
crystal layer 3 functions as a so-called SO [|ayer in an
SO wafer. The sem conductor single crystal layer 3 is
preferably an Si |ayer, which has the sane material as
the underlying silicon single crystal substrate 1.
However, the sem conductor single crystal layer 3 is not
limted to an Si |ayer, and any sem conductor single
crystal layer 3 having a lattice constant close to that

of the silicon single crystal can be formed by epitaxial
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growth. Specific exanples include an SiCGe | ayer, a Ge

| ayer, a conpound sem conductor |ayer (such as a GaN

| ayer or an AIN | ayer), etc. Such |ayers nake it

possi ble to obtain a sem conductor single crystal |ayer
of better quality. Note that the filmthickness of the
sem conductor single crystal layer 3 is not particularly
limted, and can be appropriately determ ned in
accordance with the design of the device to be applied
to.

[ 0055]

Furthernore, the inventive sem conductor substrate
can also have a plurality of layers of the silicon
nitride film2 and the sem conductor single crystal
| ayer 3 alternately. The dielectric breakdown strength
that one layer of the silicon nitride film2 of 2 nm or
| ess has can be adjusted to the dielectric breakdown
strength between the silicon single crystal substrate
and the uppernost sem conductor single crystal |ayer
needed in total by the structure having the plurality of
| ayers of the silicon nitride film2 and the
sem conductor single crystal layer 3 | am nated
alternately. Simlarly, by lamnating a plurality of
| ayers alternately, a stacked structure of a vertica
mul tilayer menory, a three-dinmensional stacked
integrated circuit, etc. can also be forned.

[ 0056]
(Met hod for Manufacturing Sem conductor Substrate)

Next, the inventive nethod for manufacturing a

sem conductor substrate will be described with reference
to FIG 1.
[ 0057]

Firstly, as showmn in FIG 1 (a), a silicon single

crystal substrate 1 for formng a silicon nitride film2
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and a sem conductor single crystal |ayer 3 successively
on a surface thereof is prepared.
[ 0058]

At this tinme, it is also possible to use a silicon
single crystal substrate 1 doped with nitrogen or oxygen
i n advance. When such a silicon single crystal
substrate 1 is used, the silicon nitride |ayer itself, a
silicon oxynitride |ayer or a silicon oxide layer is
additionally formed by the thermal history of the
formation of the silicon nitride film2 and the
subsequent formation of the sem conductor single crystal
| ayer 3, and the subsequent additional thermal history.
Thus, the initially formed thickness of the silicon
nitride film2 can be thickened.

[ 0059]

Furt hermore, as descri bed above, a silicon single
crystal substrate having a plane orientation of (111) is
preferably used as the silicon single crystal substrate.
[ 0060]

Furthernore, in order to forma thin silicon
nitride filmof 2 nmor |less, for exanple, over a w de
range (for exanple, the entire surface of the wafer), it
i's necessary to raise the uniformty of the silicon
nitride filmto be forned on the silicon single crystal
substrate. By subjecting the silicon single crystal
substrate to an annealing treatnment or formng a silicon
| ayer on the silicon single crystal substrate by
epi taxi al growth beforehand, the surface flatness of the
wafer can be inproved, so that the uniformty of the
silicon nitride filmto be formed on the substrate can
be inproved. In addition, it is possible to increase
the step growth rate of the silicon nitride film and

I nprove the uniformty of the silicon nitride film by
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usi ng a wafer obtained by providing the plane
orientation of the silicon single crystal substrate with
an off-angle to introduce an atom c step or a wafer
havi ng a hi gh-concentration dopant, a high concentration
of oxygen, or a silicon precipitate thereof on the
entire silicon single crystal substrate or a surface

t her eof .

[ 0061]

Next, a silicon nitride film2 is formed on a
surface of the silicon single crystal substrate 1 in the
follow ng manner. Firstly, the prepared silicon single
crystal substrate 1 is introduced into a heat treatnent
furnace. Subsequently, as shown in FIG 1 (b), a
“silicon nitride film 2 having an epitaxi al
relationship” with the silicon single crystal substrate
1 is formed on the surface of the silicon single crystal
substrate 1. The “silicon nitride film 2 having an
epitaxial relationship” can be fornmed by performng a
heat treatnment in a nitrogen gas-containing atnosphere.
Specifically, for exanple, a silicon nitride film2
havi ng an epitaxial relationship can be obtained by
perform ng a heat treatnent in a m xed gas atnosphere of
a nitrogen gas and a hydrogen gas. 1In this event, when
t he m xed proportion of the nitrogen gas is |low, the
heat treatnment tenperature is preferably high (e.qg.
1100°C or higher). However, when the m xed proportion
of the nitrogen gas is raised, a tenperature of about
800°C is al so possible. A tenperature of 800°C or
hi gher is preferable since the silicon nitride film can
be fornmed nore stably and certainly w thout degrading
productivity. The upper |limt of the heat treatnent
tenperature is not particularly limted, and

t heoretically, can be |lower than the nelting point of
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the silicon single crystal substrate 1. However, in
view of productivity, thermal damage to the substrate,
etc., the tenperature can be set to about 1300°C or

| ower .

[ 0062]

In addition, the thinner the filmthickness of the
silicon nitride film2 fornmed, the nore stably and
certainly the silicon nitride film2 can have an
epitaxial relationship with the underlying silicon
single crystal substrate 1. Therefore, the film
t hi ckness of the silicon nitride film2 is preferably 2
nmor less. The lower limt of the filmthickness of
the silicon nitride film2 is not particularly limted
as long as the silicon nitride film2 has the epitaxial
relationship with the underlying silicon single crystal
substrate 1, but can be 0.3 nmor nore.

[ 0063]

After formng the silicon nitride film2, as shown
in FIG 1 (c), a sem conductor single crystal layer 3 is
formed on the silicon nitride film2 by epitaxial growth
by using an epitaxial growth apparatus. Exanples of the
sem conductor single crystal layer 3 to be grown include
an Si layer, an SiGe layer, a Ge layer, and a conmpound
sem conduct or | ayer (such as a GaN |l ayer and an Al N
| ayer) as descri bed above.

[ 0064]

Moreover, the formation of the silicon nitride
film2 and the sem conductor single crystal l|layer 3 can
be repeated alternately to forma plurality of |ayers of
the silicon nitride film2 and the sem conductor single
crystal layer 3 alternately. The dielectric breakdown
strength that one layer of the silicon nitride film2 of

2 nmor |ess has can be adjusted to the dielectric
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breakdown strength between the silicon single crystal
substrate 1 and the uppernost sem conductor single
crystal |ayer needed in total by the structure having
the plurality of |layers of the silicon nitride film?2
and the sem conductor single crystal |ayer 3 | am nated
alternately. Simlarly, by lamnating a plurality of

| ayers alternately, a stacked structure of a vertica
mul tilayer nenory, a three-dinensional stacked
integrated circuit, etc. can also be forned.

[ 0065]

The conditions for the epitaxial growth of the
sem conductor single crystal layer 3 and the source gas
to be used can be appropriately set and selected in
accordance with the type of the sem conductor single
crystal layer 3 to be grown. The inventive
sem conductor substrate 10 is provided with a silicon
nitride filmz2 as an insulator film Since a silicon
nitride filmhas a higher etching resistance property
than a silicon oxide filmregardi ng high-tenperature
gases, trichlorosilane can be used as a source gas when
form ng a sem conductor single crystal |ayer 3
containing Si such as an Si |ayer or an Si Ge | ayer by
epitaxial growh. 1In addition, since trichlorosilane is
| ess expensive than nonosilane and has a high growth
rate, trichlorosilane is advantageous in that an
advantage in cost can be obtained in mass producti on.
Furthernore, trichlorosilane is a material that can be
handl ed easily conpared with nonosilane and is highly
safe, so that costs on manufacturing facilities can al so
be reduced.

[ 0066]
I n the above manner, it is possible to obtain a

sem conductor substrate 10 having a silicon nitride film
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2 that has an epitaxial relationship with the silicon
single crystal substrate 1 as an insulator filmand a
sem conductor single crystal layer 3, which is an
epitaxial growth layer on the insulator film on a
surface of a silicon single crystal substrate 1.
According to such a nmethod for manufacturing a

sem conductor substrate, there is no need for two wafers
as in the bonding nethod, so that material cost can be
reduced. In addition, the nunber of manufacturing steps
can al so be reduced, the nethod is sinmple, and high
productivity can be realized, so that the overall cost
can be reduced.

[ 0067]

I n the above-descri bed nmethod for manufacturing
the sem conductor substrate 10, the heat treatnent
apparatus for nitriding the surface of the silicon
single crystal substrate 1 to formthe silicon nitride
film2 is not particularly limted as |long as the heat
treat ment apparatus can performa heat treatnent under a
ni trogen gas-contai ning atnosphere and nitride the
surface of the silicon single crystal substrate 1. For
exanmpl e, an RTP (Rapid Thermal Processing) apparatus
using lamp heating or the like, a batch type resistance
heati ng furnace, an epitaxial growth apparatus for
perform ng epitaxial growh on a substrate, etc. can be
used. In particular, an epitaxial growth apparatus is
preferably used.

[ 0068]

When an epitaxial growth apparatus is used, the
sem conductor single crystal |ayer 3 can be forned by
epitaxial growth by switching the atnospheric gas inside
the furnace to a gas for the epitaxial growth of the

sem conductor single crystal layer 3 after performng
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the heat treatnment for nitriding inside the epitaxial
growth apparatus to formthe silicon nitride film2 on
the surface of the silicon single crystal substrate 1.
In this manner, the growth of the silicon nitride film2
and the epitaxial growth of the sem conductor single
crystal layer 3 can be perfornmed continuously inside the
sanme furnace. Therefore the sem conductor substrate 10
can be manufactured by an extrenely sinple method
efficiently with high productivity. Moreover, since the
formation of the silicon nitride film2 and the

epi taxial growth of the sem conductor single crystal

| ayer 3 can be performed in the sane apparatus and
cont am nati on acconpanyi ng transfer between apparatuses
does not occur, a high-quality sem conductor substrate
10 having a | ow contam nation | evel can be obtained.

EXAMPLE
[ 0069]
Herei nafter, the present invention will be

described in detail with reference to Exanples, but the

present invention is not limted thereto.
[ 0070]
(Exanple 1)

An SO wafer (sem conductor substrate) having, on
a surface of a silicon wafer (silicon single crystal
substrate), a silicon nitride film (insulator film
having an epitaxial relationship with the silicon wafer
and an Si epitaxial growth |layer (sem conductor single
crystal layer/SO |ayer) on the silicon nitride film was
fabricated, and the structure thereof was eval uated.
The manufacturing conditions are as foll ows.
[ 0071]
(Features of SO Wafer)
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Si waf er : dianeter of 200 mm plane orientation
of (100),
p type, 10 Qcm

[ nsulator film : silicon nitride

SO | ayer : Si epitaxial growth |ayer

[0072]

(Manuf acturing Conditions of SO Wafer)

Heat treatnent apparatus . single wafer processing

epi taxi al growth apparatus

Silicon nitride film : N0 24 sIm+ H 34 sIm
heat treatnent tenperature
of 1190°C

heat treatnment time of 300

seconds

Si (SO) |ayer - trichlorosilane 10 sl m
+ Hx 34 sIm
growt h tenperature of
1070°C

growth time of 600 seconds
growth rate of 2.4 um/min
[ 0073]

A cross section of the obtained SO wafer was
observed using a transm ssion electron m croscope (TEM.
FIG 2 shows a cross-sectional TEM observation
phot ograph of the SO wafer (sem conductor substrate)
manufactured in Exanple 1. FIG 3 is a lattice i mage of
FIG 2 enlarged around the silicon nitride film As
shown in FIG 2, it can be observed that a silicon
nitride filmof about 1.4 to 1.5 nm was forned between
the Si wafer and the SO |ayer (Si epitaxial growth
|l ayer). In addition, as shown in FIG 3, it can be
observed that a silicon nitride film (the lattice inage

observed in the silicon nitride film portion) having an
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epitaxial relationship with the Si wafer and an Si
epitaxial growth layer formed on the silicon nitride
filmby epitaxial growth were formed on the surface of
the Si wafer. Note that elenments in the filmwere

anal yzed regarding the silicon nitride film portion by
TEM EDX, and as a result, it was confirnmed that Si and N
wer e det ect ed.

[ 0074]

(Exanpl e 2)

(Features of SO Wafer)

Si waf er : dianeter of 150 mm plane orientation

of (111),
p type, 50 Qcm

I nsulator film : silicon nitride

SO | ayer : Si epitaxial growth |ayer

[ 0075]

(Manuf acturing Conditions of SO Wafer)

Heat treatnent apparatus . single wafer processing
epi taxi al growth apparatus

Silicon nitride film : N0 24 sim+ H 34 sIm
heat treatnent tenperature
of 1190°C
heat treatnment tine of 300
seconds

Si (SO) |ayer - trichlorosilane 10 sl m
+ Hx 34 sIm
growt h tenperature of
1130°C
growh tinme of 15 seconds
growth rate of 3.8 um/min

[ 0076]

A cross section of the obtai ned SO wafer was

observed using a transm ssion electron m croscope (TEM.
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FIG 4 shows a cross-sectional TEM observati on

phot ograph of the SO wafer (sem conductor substrate)
manufactured in Exanple 2. FIG 5 is a lattice i mge of
FIG 4 enlarged around the silicon nitride film As
shown in FIG 4, it can be observed that a silicon
nitride filmof about 0.9 to 1.1 nm was forned between
the Si wafer and the SO |ayer (Si epitaxial growth

| ayer). In addition, as shown in FIG 5, it can be
observed that a silicon nitride film (the lattice inmage
observed in the silicon nitride film portion) having an
epitaxial relationship with the Si wafer and an Si
epitaxial growth layer formed on the silicon nitride
filmby epitaxial growth were formed on the surface of
the Si wafer. Note that elenments in the filmwere

anal yzed regarding the silicon nitride film portion by
TEM EDX, and as a result, it was confirnmed that Si and N
wer e det ect ed.

[0077]

As descri bed above, according to the Exanples of
t he present invention, high-quality SO wafers each
having, on a surface of a silicon single crystal
substrate, a silicon nitride film having an epitaxi al
relationship with the silicon single crystal substrate
and an Si epitaxial growth |ayer fornmed were
successfully obtained by a sinple and highly productive
met hod.

[ 0078]

It should be noted that the present invention is
not limted to the above-described enbodi nents. The
enbodi nents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
sanme functions and effects as those in the technica

concept disclosed in claims of the present invention are
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i ncluded in the technical scope of the present invention.
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CLAI Ms

1. A nmethod for manufacturing a sem conduct or
substrate by form ng an insulator filmand a
sem conductor single crystal |ayer successively on a
surface of a silicon single crystal substrate to
manuf acture a sem conductor substrate having the
sem conductor single crystal |layer on the insulator film
t he nethod conprising at | east the steps of:

forming a silicon nitride film having an epitaxial
relationship with the silicon single crystal substrate
on the surface of the silicon single crystal substrate
as the insulator filmby subjecting the silicon single
crystal substrate to a heat treatnment under a nitrogen
gas- cont ai ni ng at nosphere; and

form ng the sem conductor single crystal |ayer on
the silicon nitride filmby epitaxial growth, wherein

the silicon nitride filmhas a filmthickness of 2
nm or |ess, and

a plurality of layers of the silicon nitride film
and the sem conductor single crystal |ayer are forned
alternately.

2. The nethod for manufacturing a sem conduct or
substrate according to claim 1, wherein the heat

treat ment under the nitrogen gas-containing atnosphere
is performed at a tenperature of 800°C or higher.

3. The nethod for manufacturing a sem conduct or
substrate according to claim1l or 2, wherein by using an
epi taxi al growth apparatus as an apparatus for
perform ng the heat treatnment, the silicon nitride film

is fornmed, and then an atnospheric gas inside the
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epi taxial growth apparatus is switched to a gas for
growi ng the sem conductor single crystal |ayer to
performthe epitaxial growth.

4. The nethod for manufacturing a sem conduct or
substrate according to any one of clains 1 to 3, wherein
t he sem conductor single crystal |ayer is one of an Si

| ayer, an SiGe layer, a Ge |ayer, or a conpound

sem conductor | ayer.

5. The nethod for manufacturing a sem conduct or
substrate according to claim4, wherein the

sem conductor single crystal layer is an Si layer, and a
gas for the epitaxial growth of the Si layer is

trichlorosil ane.

6. The nmethod for manufacturing a sem conduct or
substrate according to any one of clainms 1 to 5, wherein
a silicon single crystal substrate doped with nitrogen
or oxygen beforehand is used as the silicon single
crystal substrate.

7. The nmethod for manufacturing a sem conduct or
substrate according to any one of clains 1 to 6, wherein
a silicon single crystal substrate having a pl ane
orientation of (111) is used as the silicon single
crystal substrate.

8. A sem conductor substrate having an insulator film
and a sem conductor single crystal |ayer on the
insulator filmon a surface of a silicon single crystal
substrate, wherein

the insulator filmis a silicon nitride film
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having an epitaxial relationship with the silicon single
crystal substrate,

t he sem conductor single crystal |ayer is an
epi taxial growth |ayer,

the silicon nitride filmhas a filmthickness of 2
nm or |ess, and

having a plurality of layers of the silicon
nitride filmand the sem conductor single crystal |ayer

alternately.

9. The sem conduct or substrate according to claim 8,
wherein the sem conductor single crystal |layer is one of
an Si | ayer, an SiGe layer, a Ge layer, or a conpound

sem conductor | ayer.

10. The sem conductor substrate according to any one
of claime 8 to 9, wherein the silicon single crystal
substrate has a plane orientation of (111).



