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(57) ABSTRACT 

Metal Which forms a crystalline insulation layer is sputtered 
at a target and deposited as a ?lm on a silicon substrate, the 
metal is chemically combined With reactive gas around the 
silicon substrate to thereby groW a crystal layer of a crys 
talline insulation substance, and a voltage is applied to the 
substrate so that ions of the reactive gas around the substrate 
are attracted to a surface of the silicon substrate and chemi 
cally combined With silicon, Whereby an insulation silicon 
compound layer is formed. As a result, a structure is 
obtained in Which a crystalline insulation layer is formed on 
a crystalline silicon layer through an amorphous insulation 
?lm Which is formed by a silicon compound Which has an 
excellent insulation characteristic. Hence, it is possible to 
epitaXially groW other semiconductor layer or a crystalline 
ferroelectric layer on a surface of the crystalline insulation 
layer, Which makes it possible to form a three dimensional 
semiconductor device, a composite semiconductor device, a 
high performance semiconductor memory device or the like. 
Thus, it is possible to obtain a semiconductor device Which 
is neW and highly integrated at an inexpensive cost. 
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SUBSTRATE FOR SEMICONDUCTOR DEVICE 
AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a substrate for a 
semiconductor device, such as an SOI substrate and a 
substrate for an FET Which has an MFS structure (metallic 
?lm/ferroelectric ?lm/semiconductor layer structure), Which 
is suitable for crystal growth of a semiconductor layer or a 
fereroelectric layer on a silicon substrate through an insu 
lation layer, and to a method of manufacturing such a 
substrate. More particularly, the present invention relates to 
a substrate for a semiconductor device in Which a crystalline 
insulation layer may be groWn through an insulation layer 
Which has an excellent insulation characteristic on a silicon 
substrate for the purpose of groWing a semiconducting 
crystal layer, a ferroelectric crystal layer, etc., and to a 
method of manufacturing such a substrate. 

[0002] In relation to an SOI substrate for groWing a 
semiconducting crystal layer on an insulation layer, for 
instance, among knoWn methods are a method Which 
requires to bond tWo silicon substrate seating oxide ?lms 
With each other and polish one of the tWo substrates to 
thereby leave a thin semiconductor layer. And another 
method requires to inject oxygen or the like at a surface of 
a silicon substrate to a constant depth and to anneal so that 
an insulation layer is buried in a semiconductor substrate. 

[0003] MeanWhile, in a semiconductor memory device 
using a ferroelectric layer, the ferroelectric layer is formed 
on a semiconductor layer or on a surface of an electrode 

metal such as platinum through an insulation ?lm. In an 
MFS structure in Which a ferroelectric layer is formed on a 
semiconductor layer, an oxide ?lm is formed betWeen the 
ferroelectric layer and the semiconductor layer, thereby 
degrading a crystal quality or morphology, or an interface 
state density betWeen the ferroelectric layer and the semi 
conductor layer becomes large. Where the ferroelectric layer 
is formed on an insulation ?lm, it is not possible to groW a 
ferroelectric layer Which has an excellent crystal quality on 
the insulation ?lm Which is amorphous. 

[0004] As described above, during fabrication of a semi 
conductor device, While it is necessary to epitaxially groW a 
semiconductor layer or a crystalline ferroelectric layer on a 
semiconductor substrate through an insulation layer in some 
cases, since the insulation layer is amorphous, it is not 
possible to groW a crystalline layer directly on a surface of 
the insulation layer. 

[0005] Further, in the method Which requires to polish one 
of bonded silicon layers for thinning the one silicon layer, it 
is extremely difficult to polish the silicon layer into an 
uniformly thin layer and polishing is laborious, and there 
fore, a quality crystalline surface is hardly obtained. In the 
method Which requires to inject oxygen at a surface layer 
portion of a semiconductor substrate, on the other hand, ion 
bombardment greatly degrades a surface of a semiconductor 
layer, and therefore, a high quality crystalline surface is 
hardly obtained, either. As a result, a crystal layer Which is 
formed on such a deteriorated crystalline surface as Well has 
a deteriorated crystal quality. 

[0006] On the other hand, the inventors of the present 
invention invented a method of epitaxially groWing an YSZ 
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thin ?lm on a silicon substrate and presented the method to 
Shingaku Gihou (ED96-42, CPM96-27, May 1996). This 
method makes it possible to obtain a crystalline insulation 
layer on a silicon substrate and epitaxially groW a semicon 
ductor layer or a ferroelectric layer on a surface of the YSZ. 
HoWever, since an YSZ thin ?lm Which is formed on a 
silicon substrate is a crystalline metallic oxide ?lm and 
hence migrates ions, electric insulation of the YSZ thin ?lm 
is inferior to that of a silicon oxide ?lm or a silicon nitride 
?lm, and therefore, the YSZ thin ?lm slightly degrades 
electric characteristics. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been made to solve such 
problems. Accordingly, an object of the present invention is 
to provide a substrate for a semiconductor device Which is 
suitable to groW a crystal layer, such as a semiconductor 
layer and a ferroelectric layer, on other semiconductor layer 
through an insulation layer during fabrication of a semicon 
ductor device and Which suf?ciently improves electric insu 
lation against a silicon substrate Which serves as a base. 

[0008] Other object of the present invention is to provide 
a method of forming a crystalline insulation layer on a 
semiconductor layer through an insulation silicon com 
pound. 
[0009] A substrate for a semiconductor device according 
to the present invention comprises a crytalline silicon sub 
strate, an insulation silicon compound layer Which is formed 
on the silicon substrate, and a crystalline insulation layer 
Which is epitaxially groWn on the insulation silicon com 
pound layer. 
[0010] As herein termed, a “substrate for a semiconductor 
device” refers to a base for groWing crystalline semicon 
ductor layers and ferroelectric layers one atop the other, but 
not a complete base for a semiconductor device. In this 
context, a “substrate for a semiconductor device” covers a 
structure that an insulation silicon compound layer or a 
ferroelectric layer is formed in a portion of a semiconductor 
device, or on a stacked semiconductor layer, etc. 

[0011] Where the crystalline insulation layer is formed by 
at least one species Which is selected from a group of YSZ 
(yttria stabiliZed Zirconia), A1203 (sapphire), CeO2 (ceria), 
MgO (magnesia) and ZrO2 (Zirconia) and the insulation 
silicon compound layer is formed by at least one of silicon 
oxide, silicon nitride and silicon nitride oxide, a substrate for 
a semiconductor device Which is particularly excellent in 
insulation and crystalline characteristics is obtained. 

[0012] A method of manufacturing a substrate for a semi 
conductor device according to the present invention is 
comprising the steps of: 

[0013] groWing a crystalline insulation layer on a 
silicon substrate by sputtering a metal Which forms 
said crystalline insulation layer from a target, and 
chemically combining With reactive gas around said 
silicon substrate; and 

[0014] forming an insulation silicon compound layer 
by applying a voltage to said silicon substrate so that 
ions of said reactive gas around said substrate are 
attracted to a surface of said silicon substrate and 
chemically combined With silicon. 
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[0015] More speci?cally, the silicon substrate and the 
target are disposed facing each other Within a reactive 
sputtering apparatus, the reactive gas is supplied into the 
apparatus in such a manner that there is a larger amount of 
the reactive gas around the substrate than around the target, 
and inert gas Which is supplied into the apparatus is dis 
charged and the crystal layer of the crystalline insulation 
substance is groWn, Whereby the substrate for a semicon 
ductor device is obtained. Even more speci?cally, the target 
may be a composite target or an alloy target of Zirconium 
(Zr) and yttrium (Y), the reactive gas may be oxygen, the 
crystalline insulation layer may be YSZ, and the crystalline 
insulation substance may be silicon oxide. 

[0016] When Ce, Al, Mg or Zr is used as the target, it is 
possible to groW CeO2, A1203, MgO or ZrO2, respectively, 
as the crystalline insulation layer. 

[0017] The reactive gas may be supplied into the sputter 
ing apparatus With the target covered With a cover Which has 
an opening at a portion of the target Which is faced With the 
silicon substrate. This simple structure alloWs to deposit the 
layer as it is in the metal mode on the substrate Without 
chemically combining the target and to epitaxially groW a 
compound of the metal of the target and the reactive gas on 
the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a cross sectional explanatory diagram 
shoWing a stacked structure of a substrate for a semicon 
ductor device according to the present invention; 

[0019] FIG. 2 is a schematic diagram shoWing an example 
of a sputtering apparatus for obtaining the stacked structure 
according to the present invention; and 

[0020] FIG. 3 is a vieW shoWing an example of a target 
Which is used in the apparatus Which is shoWn in FIG. 2. 

DETAILED DESCRIPTION 

[0021] As shoWn in FIG. 1, in a substrate for a semicon 
ductor device according to the present invention, an insula 
tion silicon compound layer 2 Which has an excellent 
electric insulation characteristic, such as a silicon oxide ?lm, 
is formed betWeen a silicon substrate 1 and a crystalline 
insulation layer 3, such as YSZ, Which is epitaxially groWn 
on the silicon substrate 1. 

[0022] The silicon substrate 1 is formed by a silicon 
monocrystalline layer. With respect to the conductivity of 
the silicon substrate 1, the silicon substrate 1 may be an n 
type layer, a p type layer, a semiconductor circuit in Which 
an n type region, a p type region and the like are formed, or 
a silicon semiconductor layer is formed entirely or partially 
on other semiconductor layer or the like. 

[0023] As the crystalline insulation layer (monocrystalline 
insulation layer) 3, metallic compound, for example, YSZ, 
A1203, CeO2, MgO, ZrO2 or any other metal oxide, Which 
alloWs a crystalline structure to groW thereon is used. A 
crystalline structure of a metallic compound is obtained by 
groWing metal on the silicon substrate 1 While oxidiZed, 
?uorinated, nitrided or otherWise chemically combined With 
metal on the substrate 1. The thickness of the crystalline 
insulation layer 3 is different depending on an application. 
Used as a ground for groWing other semiconductor layer or 
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a crystalline ferroelectric layer, the crystalline insulation 
layer 3 is normally about 5 to 20 nm Which is thick enough 
as such a ground. Depending on an application, the crystal 
line insulation layer 3 may be formed into a thickness of 
approximately 0.5 to 1 pm. 

[0024] As the insulation silicon compound layer 2, silicon 
oxide such as SiO2, silicon nitride such as Si3N4, silicon 
nitride oxide such as SiON, or the like is used. As described 
later, such a compound is obtained by chemically combina 
tion of oxygen, nitrogen or the like Which passes through the 
crystalline insulation layer 3 and silicon, during groWth of 
the crystalline insulation layer 3, and therefore, is limited to 
a compound Which is obtained by chemical combination 
With a substance Which passes through the crystalline insu 
lation layer 3. While determined in accordance With a 
breakdoWn voltage, etc., Which is required in an expected 
application, the thickness of the insulation silicon compound 
layer 2 is normally about 10 to 60 nm. 

[0025] In the substrate for a semiconductor device accord 
ing to the present invention, the monocrystalline insulation 
layer is formed on the silicon substrate through the amor 
phous insulation ?lm. Hence, a surface of the semiconductor 
substrate has a crystalline structure, Which alloWs to epi 
taxially groW a further semiconductor layer or a crystalline 
ferroelectric layer on the surface of the semiconductor 
substrate. In addition, since the amorphous insulation ?lm 
Which is formed by a silicon compound is formed betWeen 
the monocrystalline insulation layer and the crystalline 
silicon layer, the semiconductor substrate has an excellent 
insulation characteristic. This achieves very strong electric 
insulation betWeen a layer Which is formed at the surface of 
the crystalline insulation layer and the silicon substrate 
Which is formed beneath. In short, While the monocrystalline 
insulation layer is a metallic compound, such as metal oxide, 
as described earlier, and therefore, has a slightly inferior 
insulation characteristic due to possible ion migration, sili 
con oxide, silicon nitride or the like realiZes excellent 
electric characteristics. This alloWs to obtain an SOI sub 
strate, to repeatedly form semiconductor layers through 
insulation layers on the crystalline silicon layer in Which a 
semiconductor circuit is formed such that a three dimen 
sional circuit is formed, or to form a crystalline ferroelectric 
layer of a ferroelectric material or the like into a quality 
crystalline structure to thereby obtain a semiconductor 
memory device Which has excellent characteristics. 

[0026] NoW, a method of manufacturing the substrate for 
a semiconductor device according to the present invention 
Will be described in relation to a speci?c example in Which 
YSZ crystals are groWn on a silicon substrate through a 
silicon oxide ?lm. FIG. 2 is a schematic diagram of a 
reactive sputtering apparatus for epitaxial groWth, shoWing 
an example of an apparatus Which is used in the manufac 
turing method. 

[0027] First, a substrate 1 of a silicon semiconducting 
crystal layer Which has a diameter of 1 inch is mounted to 
a substrate seater (mounting plate) 12 Within a vacuum 
chamber 11 of the sputtering apparatus, and a target 4 is 
?xed to a target holder 13 Which is disposed so as to face the 
substrate seater 12. The target 4 is a composite target Which 
is obtained by attaching about six yttrium (Y) plates 42 
Whose each side A is about 10 mm and thickness is about 1 
mm to a Zr plate 41 Whose diameter D is about 100 mm and 
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thickness is about 5 mm in a circumferential direction, for 
example as shoWn in FIG. 3, or an alloy target Which is 
obtained by adding Y to Zr at 8 to 10%. Around the target 
4, a cover 14 Which has an opening 14a Which has a diameter 
of about 20 mm or a collimator Which has an equivalent 
effect is disposed in front of the target 4. Metal to be 
sputtered is passed through the opening 14a, While avoiding 
exposure of the target 4 to oxygen and resulting oxidation of 
the target 4. An electrode pole 15 is disposed in contact With 
the target holder 13, and a ?rst poWer source 16 is connected 
betWeen the electrode pole 15 and an earth With the electrode 
pole 15 serving as the negative pole so that a plasma 
discharge is created Within the vacuum chamber 11. A gas 
introducing pipe 17 is disposed to one Wall of the vacuum 
chamber 11 for supplying Ar and O2 to the vacuum chamber 
11, While a gas discharging exit 18 is formed in other Wall 
of the vacuum chamber 11. Further, in this apparatus, a 
second poWer source 19 for attracting oxygen ions toWard 
the substrate 1 and anodiZating is provided betWeen the 
substrate seater 12 and the earth With the substrate seater 12 
serving as the positive pole. Denoted at 20 is a solenoid coil 
for developing a magnetic ?eld at a surface of the target, and 
denoted at 21 is a solenoid coil for pressing the magnetic 
?eld against the surface of the target. 

[0028] In such an apparatus, the silicon substrate 1 was 
mounted to the substrate seater 12 and in such a manner that 
a distance from the target 4 Was 72 mm, for instance. As gas 
to introduce, Ar gas Was supplied at a constant gas pressure 
of 10 rnTorr, for example, and With a How rate to oxygen of 
O2 /(Ar+O2)=5.8%, for instance. While epitaxially groWing 
YSZ at a discharge poWer of 80 W and a substrate tempera 
ture of 600 to 800° C., a positive voltage of approximately 
50 V Was applied from the second poWer source 19 to the 
substrate for anodiZation. As a result, an YSZ crystal layer 
Was epitaxially groWn at a rate of 40 nrn/rnin and an SiO2 
layer was formed at a rate of about 1 nrn/rnin betWeen the 
substrate and the YSZ crystal layer. As to a relationship 
betWeen the YSZ crystal layer and the SiO2 layer in terms of 
thickness, the loWer the applied voltage from the second 
poWer source 19 is, the thinner the SiO2 layer is so that the 
proportion of the SiO2 layer is small. Conversely, the higher 
the voltage from the second poWer source 19 is, the larger 
the proportion of the SiO2 layer is. Further, the higher the 
discharge poWer (Which is the voltage from the ?rst poWer 
source 16) is, the thicker the YSZ crystal layer is and the 
larger the proportion of the YSZ crystal layer is. Conversely, 
the loWer the discharge poWer is, the smaller the proportion 
of the YSZ crystal layer is. With respect to the discharge 
poWer, an applied voltage may be varied in the range of 
about 300 to 500 V. MeanWhile, the voltage for anodiZation 
(i.e., the voltage from the second poWer source 19) may be 
varied in the range of about 20 to 100 V. Hence, it is possible 
to groW each layer into a desired thickness. 

[0029] As described above, the manufacturing method 
according to the present invention provide to sputter the 
metal which forms the crystalline insulation layer and groW 
the metallic compound on the substrate While reacting the 
metal With the reactive gas Which is around the substrate and 
consequently forming the crystalline insulation layer of 
oxide or the like, and at the same time to create an insulation 
silicon compound on the surface of the substrate. That is, as 
described earlier, the inventors of the present invention 
disclosed, in Shingaku Gihou ED96-42, a method in Which 
a layer is groWn as it is in the metal rnode Without oxidiZing 

Sep. 27, 2001 

the target and oxidiZed While groWn, so that an YSZ thin ?lrn 
is epitaxially groWn on a silicon substrate at a high deposi 
tion speed. UtiliZing the nature of a crystalline insulation 
layer such as an YSZ thin ?lrn that the crystalline insulation 
layer transrnits oxygen ions and the like, the present inven 
tion requires to apply a voltage to a silicon substrate to 
thereby attract ions such as oxygen ions to the silicon 
substrate and chemically combine the ions With silicon While 
epitaxially groWing a crystalline insulation layer such as an 
YSZ thin ?lrn, so that an insulation ?lrn (insulation silicon 
cornpound layer) Which is formed by a silicon compound 
such as SiO2 Which has an excellent electric insulation 
characteristic is formed betWeen the crystalline insulation 
layer such as YSZ and the crystalline silicon layer. In this 
case, the insulation ?lrn such as SiO2 may be formed at a 
different time from groWth of the crystalline insulation layer. 
So it produces a substrate for a semiconductor device Which 
is formed by the crystalline silicon substrate, the insulation 
silicon cornpound layer Which is formed on the silicon 
substrate, and the crystalline insulation layer Which is 
formed on the insulation silicon cornpound layer. 

[0030] In the manufacturing method according to the 
present invention, since the crystalline insulation layer is 
groWn as it is in the metal mode which prohibits the target 
from chernically combining with the atmosphere, it is easy 
to epitaxially groW an insulation layer Which has an excel 
lent crystal structure. Further, to form the insulation ?lrn of 
a silicon compound on the silicon surface under the condi 
tion in Which the crystalline insulation layer is provided on 
the silicon substrate, an amorphous insulation ?lrn may be 
formed at the interface betWeen the crystalline insulation 
layer and the silicon substrate, Without degrading the crystal 
quality of the crystalline insulation layer. In addition, as it is 
possible to form the crystalline insulation layer and the 
silicon cornpound approximately at the same time, it is 
possible to form the substrate for a semiconductor device in 
a short period of time. 

[0031] While the target 4 is covered With the cover 14 
Which has the opening 14a in the sputtering apparatus 
described above, this is because if the target 4 is oxidiZed 
due to oxygen of the reactive gas, the oxide is sputtered and 
the sputtered oxide prevents to groW a ?lrn in the metal 
mode, and prohibited crystal groWth eventually creates an 
amorphous ?lrn. Therefore, as far as oxidation of the target 
4 is avoided, such a cover 14 is not necessary. In other 
Words, in the example described above, the metal is sput 
tered and groWn epitaxially to the surface of the substrate, 
and at the same time, utiliZing activation of the metal, the 
metal is oxidiZed by oxygen of the atmosphere so that 
crystals of the metal oxide groWs. Hence, the cover 14 may 
be omitted so that the partial pressure of the reactive gas, 
such as the partial pressure of oxygen, at the target 4 
becomes very loW, and the reactive gas such as oxygen may 
be bloWn toWard the substrate 1 so that the partial pressure 
of the reactive gas becornes high only at the substrate 1. 

[0032] Although the YSZ crystal layer is groWn using Zr 
and Y as the target in the example described above, a ?lrn 
may be groWn in the metal mode with a loW partial pressure 
of oxygen in a similar manner using Ce as the target and 
oxidiZed at the surface of the substrate to thereby groW a 
crystal layer of CeO2. Further, it is possible to groW a crystal 
layer of A1203 in a similar manner When Al is used as the 
target, and it is possible to groW a crystal layer of MgO or 
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ZrO2 When Mg or Zr is used as the target. In addition, instead 
of using oxygen as the atmosphere at the surface of the 
substrate, ?uorine or nitrogen may be blown toWard the 
substrate, so that a crystalline insulation layer Which is 
formed by a compound of metal and ?uorine or nitrogen is 
obtained. 

[0033] Further, While the example described above 
requires that oxygen ions are attracted toWard the silicon 
substrate, and silicon is oxidiZed so that silicon oxide is 
created betWeen the crystalline insulation layer and the 
silicon substrate, nitrogen ions may be attracted and chemi 
cally combined to create silicon nitride. Alternatively, both 
oxygen ions and nitrogen ions may be attracted to create a 
silicon nitride oxide layer. 

[0034] Further, although the crystalline insulation layer is 
groWn by sputtering in the example described above, it is 
possible to manufacture in a similar manner in other method 
such as laser absorption, reactive evaporation, etc, if the 
chemical combination at the target is prohibitted, and chemi 
cal combination may be caused during groWth to the surface 
of the substrate. 

[0035] According to the present invention, it is possible to 
obtain a structure in Which a crystalline insulation layer is 
formed on a crystalline silicon layer through an amorphous 
insulation ?lm Which is formed by a silicon compound 
Which has an excellent insulation characteristic. Hence, it is 
possible to epitaxially groW other semiconductor layer or a 
crystalline ferroelectric layer on a surface of the crystalline 
insulation layer, Which makes it possible to form a three 
dimensional semiconductor device, a composite semicon 
ductor device, a high performance semiconductor memory 
device or the like. Thus, it is possible to obtain a semicon 
ductor device Which is neW and highly integrated at an 
inexpensive cost. 

[0036] Although preferred embodiments have been 
described in some detail, it is to be understood that certain 
changes can be made by those skilled in the art Without 
departing from the spirit and scope of the invention as 
de?ned by the appended claims. 

What is claimed is: 
1. A substrate for a semiconductor device, comprising: 

a crytalline silicon substrate; 

an insulation silicon compound layer Which is formed on 
said silicon substrate; and 

a crystalline insulation layer Which is epitaxially groWn 
on said insulation silicon compound layer. 
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2. The substrate of claim 1, Wherein said crystalline 
insulation layer is formed by at least one species Which is 
selected from a group of YSZ, A1203, CeO2, MgO and ZrO2. 

3. The substrate of claim 1, Wherein said insulation silicon 
compound layer is formed by at least one of silicon oxide, 
silicon nitride and silicon nitride oxide. 

4. A method of manufacturing a semiconductor substrate 
for a semiconductor device comprising the steps of: 

groWing a crystalline insulation layer on a silicon sub 
strate by sputtering a metal Which forms said crystalline 
insulation layer from a target, and chemically combin 
ing With reactive gas around said silicon substrate; and 

forming an insulation silicon compound layer by applying 
a voltage to said silicon substrate so that ions of said 
reactive gas around said substrate are attracted to a 
surface of said silicon substrate and chemically com 
bined With silicon. 

5. The method of claim 4, Wherein said silicon substrate 
and said target are disposed facing each other Within a 
reactive sputtering apparatus, said reactive gas is supplied 
into said apparatus in such a manner that there is a larger 
amount of said reactive gas around said substrate than 
around said target, and inert gas Which is supplied into said 
apparatus is discharged, Whereby said crystal layer of said 
crystalline insulation substance is groWn. 

6. The method of claim 5, Wherein said target is a 
composite target or an alloy target of Zirconium and yttrium, 
said reactive gas is oxygen, said crystalline insulation layer 
is YSZ, and said insulation silicon compound layer is silicon 
oxide. 

7. The method of claim 5, Wherein Ce is used as said 
target, and a crystal layer of CeO2 is groWn as said crystal 
line insulation layer. 

8. The method of claim 5, Wherein Al is used as said 
target, and a crystal layer of A1203 is groWn as said crys 
talline insulation layer. 

9. The method of claim 5, Wherein Mg is used as said 
target, and a crystal layer of MgO is groWn as said crystal 
line insulation layer. 

10. The method of claim 5, Wherein Zr is used as said 
target, and a crystal layer of ZrO2 is groWn as said crystalline 
insulation layer. 

11. The method of claim 4, Wherein said reactive gas is 
supplied into said sputtering apparatus, With said target 
covered With a cover Which has an opening at a portion of 
said target Which is faced With said silicon substrate. 


