
I PRODUCING METHOD OF SEMICONDUCTOR DEVICE BACKGROUND OF THE INVENTION 1.
FIELD OF THE INVENTION 5 This invention is related to a method of producing
semiconductor devices and, more particularly, to a preferable method of
production to form MOSLSI on an SIMOX substrate. 10          2. DESCRIPTION
OF THE RELATED ART In general, a semiconductor substrate having a top
single-crystal silicon layer, where device elements are formed, and a
dielectric (SiO2) layer in a single-crystal silicon substrate is called as
SOI (Silicon On Insulator) having two producing methods which are 15  known
well as a wafer bonding method and an oxygen ion implantation method. The
former wafer bonding method is that the single-crystal silicon substrate is
bonded on other single-crystal silicon substrate on which an oxide film is
formed in advance and one of two single-crystal silicon substrates is
polished to form a thin active silicon layer. The latter is called as SIMOX
(Separation by IMplanted OXygen), in which high-dose oxygen 20  ions (160+)
are implanted into the single-crystal silicon substrate and a high
temperature anneal processing (1,100 - 1,200 [err]) is practiced to cause
Si and O to react, so that a buried oxide layer is formed in the silicon
substrate. The thus method has been notable as it has been favorable to
form the thin active silicon layer for large-scale integration lately. The
SIMOX substrate has, right after the oxygen ion implantation, there are
both 25   of compound Si-O with an unstable combining state besides
chemical stable [err] in the SIMOX substrate right after the oxygen ion
implantation, so that it has been said that a heat treatment at high
temperatures, which is generally called as an anneal processing, after the
ion implantation is required in order to form a dielectric layer having an
abrupt interface. The above processing has a different way by ion
implantation conditions, but in 30  general, has the way in which the heat
treatment is processed under an atmosphere containing therein 0.5 - 1.0%
[err] added to Ar gas as an inert gas in 1,100 - 1,200 [err] for several
hours. It is known that, in the thus SIMOX substrate, structure and quality
of the buried oxide layer formed under the top silicon layer by implanting
the oxygen ions into the 35  single-crystal silicon substrate depend on an
ion implanting quantity (dose of ions), so that the dose of oxygen ions as
1017 - 1018/cm2 is required in order to form the buried oxide layer having
the abrupt interface. But, there is disadvantages of producing crystal    



2 defects in the top single-crystal silicon layer when the dose of ions is
increased, and observing the relation of a crystal dislocation density and
the dose of ions, when the dose of ions reaches over 1.0 x [err], the
dislocation density is increased and crystal quality of the top silicon
layer where device elements are formed is inferior. When the 5   dose of
ions is controlled within the range between 0.5 x [err] and less than 1.0 x
[err] in order not to produce the crystal defect, a breakdown electric
field of the buried oxide layer is smaller and the breakdown voltage is
decreased. Consequently, as a condition capable of obtaining the high
breakdown electric field of the buried oxide layer and of achieving the low
dislocation density in the top silicon layer, at an acceleration 10  energy
of 150 -200keV, for example, the ion implantation has been practiced by
setting the dose of ions at around 0.4 x [err] (J. Mater. Res., Vol. 8, No.
3, 1993 pp. 524 - 534). An MOS device is formed in the above-described
SIMOX substrate by doping impurity into the top silicon layer
dielectrically separated by the buried oxide layer from 15  the substrate
silicon and forming a source and a drain. Fig. 5 is a schematic cross-
sectional view of a CMOS device designed as described above. In the
drawing, a symbol S means the source, a symbol D means the drain, a symbol
G means a gate and a symbol VDD means the applied voltage. MOS-type LSI
produced by employing the SIMOX substrate, where forms therein the buried
oxide layer by implanting the oxygen ions into 20  the single-crystal
silicon substrate and practicing the anneal processing, has following
disadvantages. First, the high quality SIMOX substrate is that the
dislocation density of the top single-crystal silicon layer is low and an
electrically insulated state of the buried oxide layer is excellent.
However, since the dose of ions is defined in low level in order to 25
restrain generation of the crystal defects, the thickness of the buried
oxide layer become thinned down 80 - 90nm and parasitic capacitance between
the drain and the substrate silicon in an nMOS and between the drain and
source and the substrate in a pMOS is larger, with the result that there
has been a weak point as an operation speed of inverter is decreased. 30
Second, when the thickness of the buried oxide layer is adjusted to be
increased by increasing the dose of ions in order to attain smaller
parasitic capacitance in producing of the SIMOX substrate, heat resistance
in a direction of the thickness of the buried oxide layer is increased and
the temperature of the device goes up, with the result that there has been
weak points that negative electrical resistance property of drain electric
current is 35  serious and that saturated drain electric current is more
and more decreased. Furthermore, when the thickness of the buried oxide
layer is defined as for example 450nm, there has been a weak point that a
short-channel effect of MOSFET is serious (see IEEE 1991 



3 IEDM Tech. Dig., 1991 pp. 675 -678) and production of small sized MOSFET
become difficult. Third, as described above, the buried oxide layer is
thinned down 80 - 90nm in the high quality SIMOX substrate in which the
crystal dislocation density is low and the 5  electrically insulated state
of the buried oxide layer is excellent, so that it is a weak point that
high-voltage devices such as IGBT (Insulated Gate Bipolar Transistors) can
not be fabricated on the thus SIMOX substrate. Consequently, the
high-voltage devices have been fabricated on the substrate having the thick
buried oxide layer of the SOI substrate produced by the wafer bonding
method and so on, so that it has been difficult that both of 10  the
high-voltage devices and the low-voltage devices are formed together on the
high quality SIMOX substrate. SUMMARY OF THE INVENTION 15
Considering the afore-mentioned conventional disadvantages, objects of the
present invention are intended to, first, provide the method of producing
the semiconductor devices capable of forming the devices to keep up the
operation speed of the inverter. Second object is intended to provide the
method of producing the semiconductor devices capable of restraining the
drain electric current from decreasing by 20  the negative electrical
resistance. And third object is intended to provide the method of producing
the semiconductor devices capable of forming all of devices having
different breakdown voltages together on the same substrate, which are the
usual low-voltage devices such as MOSFET of a self-align type employed at
about an applied voltage of 5V and the high-voltage devices such as IGBT,
MOSFET of a stack-gate design type or 25  MOSFET of an offset-gate type
which are employed in use required over an applied voltage of 5V. It is
preferable that the thickness of the buried oxide layer is thickened in
view of the operation speed of the inverter but is thinned in view of heat
resistance, or a decrease of the drain electric current and a suppression
of a short-channel effect of MOSFET. As 30  the method of producing MOS
semiconductor devices meeting the above-mentioned antithetic condition, the
present invention is intended to form the MOS devices on thickened part of
the buried oxide layer by means of the high-temperature oxidation treatment
after forming mask-pattern corresponding to each source and drain of the
devices on the SIMOX substrate. Therefore, conventional disadvantages which
are the 35  decrease of the operation speed resulted from the parasitic
capacitance and the decrease of the drain electric current by the negative
electrical resistance will can be suppressed. And 



in further design of the present invention, since a buried oxide layer is
possessed of    4 different breakdown electric fields in response to
devices having different breakdown voltages and corresponding to the
mask-pattern on the SIMOX substrate in order to be able to form all of
plural devices having different breakdown voltages on the same substrate,
miniaturization of the device and a great decrease of the device cost will
be 5  achieved. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic
diagram of the producing process of the device by 10  controlling the
thickness of the buried oxide layer corresponding to each source and drain
of the device according to the embodiment of the present invention; Fig. 2
is a schematic diagram of the producing process of the device by
controlling the thickness of the buried oxide layer corresponding to the
devices having different breakdown voltages according to the embodiment of
the present invention; 15         Fig. 3 is a correlative chart of the
thickness of the buried oxide layer and the propagation-delay time in CMOS
LSI; Fig. 4 is a correlative chart of the drain voltage and the drain
electric current in MOSFET; Fig. 5 is a schematic cross-sectional view of
MOSFET; 20         Fig. 6 is a correlative chart of the oxidation
temperature and the increased thickness of the buried oxide layer in the
case of an oxidation of about 180-nm-thick top single-crystal silicon layer
in the high-temperature oxidation process; Fig. 7 is a correlative chart of
the oxidation temperature and the increased thickness of the buried oxide
layer in the case of defining the oxidation time period as 25  four hours
and an [err] concentration of 70% in the high-temperature oxidation
process; and Fig. 8 is a correlative chart of the increased thickness of
the buried oxide layer to the oxygen partial pressure in the
high-temperature oxidation process. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) 30 The present invention attains the objects by recognizing
two phenomena of which are, on condition that a buried oxide layer is
preparedly formed in a SIMOX substrate therein through an anneal processing
after an oxygen ion implantation, one phenomenon of a thickness increase of
a buried oxide layer by a high-temperature oxidation treatment 35  of the
SIMOX substrate and the other phenomenon of a non-growth of the buried
oxide layer by the high-temperature oxidation treatment of the SIMOX
substrate after forming 



preparedly an oxidation shield mask on a top silicon layer of the SIMOX
substrate. On    5 condition that, in the SIMOX substrate, a thickness of
the top silicon layer is 320 nm and a thickness of the buried oxide layer
is 89 nm, when such a SIMOX substrate is practiced in an oxidation
treatment for four hours in an oxygen atmosphere at a flow rate of 70 %
[err] in an inert gas at 1350 [err], the phenomenon in which the thickness
of the buried oxide 5  layer is increased to 118 nm is recognized. Changing
the temperature and oxidation time period, and surveying how the buried
oxide layer increases in proportion to the changed respective oxidation
temperatures under the definite condition to increase the top thermal oxide
film to about 400 nm, as shown in Fig. 6, it is confirmed that the
thickness of the buried oxide layer is increased in proportion as the
oxidation temperature is increased. 10  The effect on increasing the
thickness of the buried oxide layer is confirmed at over 1150 [err].
Similarly, Fig 7 charts a defined case when the oxidation time period is
four hours and the 02 concentration is 70%. In the above-mentioned figure,
the oxidation temperature graduated on the horizontal axis is indicated by
numerical values of 104 times 15  the reciprocal of the absolute
temperature. And Celsius temperature is shown at the upper of the charts.
As exemplified in the figure, the thickness of the buried oxide layer is
increased in proportion as the oxidation temperature is increased. The
buried oxide layer is not increased under the oxidation temperature 1100
[err], and if the oxidation time period is defined as an utilitarian
period, for example four hours, an effect on the growth in 20  thickness
can not be recognized because the increased thickness is below a detection
limit. However, the thickness increase of the buried oxide layer is
recognized about 30 nm when the oxidation temperature goes up at 1350
[err]. According to a conventional method, the thickness of the buried
oxide layer in a silicon substrate has been 80 - 90 nm, however, it can be
confirmed that the thickness of the buried oxide layer is increased to 110
- 120 nm 25 under the condition which the oxidation treatment is practiced
at 1350 [err] and the thickness of the top oxide film is defined as about
400 nm in accordance with the present invention. Therefore, the temperature
condition is required at least over 1150 [err] in order to obtain the
effect on the thickness increase of the buried oxide layer, and the such
temperature is the same as the anneal processing temperature. Incidentally,
an upper limit 30  temperature should be under the temperature which is
1415 [err] as a melting point of silicon. As it can be considered that the
high oxygen concentration in the oxygen atmosphere exercises basically an
influence on the thickness increase of the buried oxide 



layer reaction, surveying experimentally how the increased thickness of the
buried oxide 35  layer according as an oxygen partial pressure is changed
on the premise that the oxidation treatment is carried out for four hours
at the temperature condition of 1350 [err] after the anneal processing, a
property line-chart as shown Fig. 8 can be obtained. According to the    6
figure, there can be read as the effect on the thickness increase is
obtained about over the [err] concentration 1%, and the thickness increase
is extremely few in the [err] concentration 0.5% and because of
irregularity on the interface between the buried oxide layer and the
substrate silicon can not be discriminated, so that it is understood that
the 02 5  concentration over 0.5% can exert the effect on the thickness
increase of the buried oxide layer. Because, since the temperature
condition can be basically controlled as the main factor in order to
diffuse the oxygen in the atmosphere to the inside of the SIMOX substrate
from at least the top silicon layer or a substrate silicon layer and form a
residence lamination of SiO2 on the buried oxide layer, it can be thought
that the above- 10  shown [err] concentration over 1 % is required as the
minimum concentration to diffuse into the silicon layer. It can be
naturally understood from Fig. 8 that the thickness increase of the buried
oxide layer is practiced by the oxygen concentration as a factor under the
predetermined temperature. On the other hand, the SIMOX substrate (on
condition that the thickness of the 15  top silicon layer is 320 nm, the
thickness of the buried oxide layer is 89 nm) on which a silicon nitride
film 100 nm as an oxygen shield mask is formed is treated for four hours in
an oxygen atmosphere of 70% [err] at 1350 [err], but the thickness increase
of the buried oxide layer can not be recognized. Consequently, in the
producing method for the semiconductor devices according 20  to the present
invention, when the buried oxide layer is formed through the anneal
processing treated with high temperature in the inert gas atmosphere after
completing an oxygen ion implantation to the single-crystal silicon
substrate, and when the semiconductor devices are formed on the SIMOX
substrate the top single-crystal silicon layer practiced in a dielectric
separation by the buried oxide layer, the oxidation shield 25  mask is
preparedly formed to meet the specified region of the semiconductor devices
whereunder the top silicon layer in the SIMOX substrate is formed, and the
buried oxide layer corresponding with other regions except the regions
covered with the oxygen shield mask growth by practicing the
high-temperature oxidation treatment to the SIMOX substrate over 1150 [err]
in oxygen atmosphere. And a source or a drain is formed on the 30  top
silicon layer whereunder the buried oxide layer has grown partly. 



When the semiconductor device formed on the substrate is designed as nMOS,
the drain region or the drain region and the source region are formed in
other regions except the specified regions shielded by the afore-mentioned
mask, and when the semiconductor device is designed as pMOS, both of the
drain and the source may be 35  formed in the top silicon layer
corresponding to other regions except the specified regions shielded by the
mask. In this case, the temperature of the high-temperature oxidation
treatment may be    7 defined as between 1150 [err] and less than the
melting point temperature of the single- crystal silicon, and the high
temperature oxidation treatment may be practiced in the oxygen gas
atmosphere containing higher oxygen concentrations than those in the anneal
processing. The high-temperature oxidation treatment can certainly realize
the thickness 5   increase of a buried oxide layer by practicing in the
oxygen gas atmosphere containing over the oxygen concentration 1%. In other
instance, when the semiconductor devices are formed in the top single-
crystal silicon layer under which the buried oxide layer is formed by
carrying out the anneal processing with the high-temperature treatment in
the inert gas atmosphere after 10  practicing the oxygen ion implantation
into the single-crystal silicon substrate, the oxidation shield masks are
formed in advance to correspond to low-voltage devices forming portion of
the plural semiconductor devices formed on the top silicon layer of the
SIMOX substrate, and the growth of the buried oxide layer is partly
practiced in the buried oxide layer region except the above-explained
shield mask region by practicing the high- 15  temperature oxidation
treatment over 1150 [err] in the oxygen atmosphere. Thereafter, a
high-voltage device is formed in the top silicon layer on the thick film
region of the buried oxide layer, and the low-voltage device is formed on
the top silicon layer on the thin film region of the buried oxide layer, so
that the devices having different breakdown voltages can be designed for a
mixed integration on the same substrate. 20          Since the growth of
the buried oxide layer can be partly practiced in the SIMOX substrate by
the high-temperature oxidation, a breakdown voltage of the devices can be
increased by means of the thickness increase of the buried oxide layer
corresponding to the region where the high-voltage devices are formed. An
exothermic disadvantages of the low-voltage device can be solved by
releasing heat by means of avail of the thin buried 25  oxide layer formed
in the SIMOX substrate by the oxygen ion implantation. A difference of the
breakdown voltage can be distinguished by the applied voltage, but it may
be generally distinguished in a criterion of 5V. As matter of course, the
thickness of the 



buried oxide layer can be controlled in plural steps with the required
breakdown voltage, and by practicing plural treatments of the growth of the
buried oxide layer, the thickness 30  of the buried oxide layer can be
controlled in response to each breakdown voltage sorted beyond the limit of
the two breakdown voltages by the high-temperature oxidation. As above
stated, after the thickness of the buried oxide layer is controlled in
response to the devices having different breakdown voltages by the
high-temperature oxidation, the oxidation shield mask is formed in advance
to correspond to the buried 35  oxide layer where the specified regions of
the low-voltage devices are formed thereon, and after the growth of the
buried oxide layer is partly practiced on the buried oxide layer region
except the above-shield mask regions by practicing the high-temperature
oxidation    8 treatment over 1150 [err] in the oxygen atmosphere, the top
silicon layer can be designed to form the source or the drain on part of
the top silicon layer under regions except the above-shield mask regions.
By the thus design, in addition to control the thickness of the buried
oxide layer 5  corresponding to each device by the high-temperature
oxidation processing adjusted to the different breakdown voltages of each
device by means of the local growth of the buried oxide layer, if the
thickness of the buried oxide layer corresponding to the source and drain
in the devices is controlled in the devices, the devices having the
different breakdown voltages can be integrated in mixture on the same
substrate and, in particular, 10  disadvantages in the low-voltage devices
which are the decrease of parasitic capacitances and the negative
electrical resistance property will be suppressed. Consequently, according
to the present invention, on condition that the buried oxide layer is
formed in the SIMOX substrate by means of the anneal processing after the
oxygen ion implantation, since a mask pattern is formed to shield the
specified regions of 15  the devices formed on the such SIMOX substrate
from oxidation and the high-temperature oxidation treatment is also
practiced, the thickness of the buried oxide layer can be increased until
the thickness required partly in each region except the specified regions.
Furthermore, since the source or the drain regions are formed on other
regions except the oxidation shield regions to form MOSFET, the
conventional disadvantages which are a 20  decrease of an active speed
based on the parasitic capacitance, a decrease of the drain electric
current by the negative electrical resistance can be suppressed. According
to other design, when the devices having different breakdown voltages are
formed in the top silicon layer on the buried oxide layer of the SIMOX
substrate, the mask-pattern is formed on the top silicon layer to shield
the regions corresponding to the 



25  low-voltage devices from the high-temperature oxidation by the mask and
the buried oxide layer having the different thicknesses corresponding to
each device is formed by the high-temperature oxidation. Since plural
devices having the different breakdown voltages are formed on the thus
buried oxide layer, the oxygen ion implantation producing apprehensively
dislocation in the single-crystal silicon layer is not practiced, but the
30   mixed integration of the devices having different breakdown voltage
can be carried out on one substrate of the same SIMOX substrate. The mixed
integration type semiconductor device improved in the disadvantages about
the parasitic capacitance or the electrical resistance can be produced by
controlling the thicknesses of the buried oxide layer corresponding to each
specified region in 35  respective devices after controlling the
thicknesses of the buried oxide layer corresponding to each device. The
concrete embodiments of the producing method for the semiconductor    9
device according to the present invention will be explained with reference
to the drawings. Fig. I shows a process of producing the MOSFET on the
SIMOX substrate as a starting point substrate with two instances of the
producing process. First, the SIMOX substrate 1 as the starting point
substrate is fabricated by means 5  of the well-known oxygen ion
implantation. The implantation condition is defined as an accelerated
energy of 180 keV and a dose of 4 x [err] Therefore, the implanted oxygen
atoms is distributed in a Gaussian distribution around the depth of about
430 nm from the surface of the substrate. There are compound Si-O with an
unstable combining state besides SiO2 in the substrate after the ion
implantation. 10         Next, the anneal processing is practiced in order
to form a buried oxide layer 2 designed from SiO2 with chemical stable
state to practice the dielectric separation of the top silicon layer from
the substrate silicon by steepening the interface of a distributing area
formed by the oxygen ion implantation. The above anneal processing is that
the substrate is processed under an atmosphere containing therein Ar gas as
inert gas having at 15  a flow rate of 0.5% [err], practicing a heat
treatment at 1350 [err] for four hours. The top substrate is prevented from
producing pits thereon by adding 0.5% [err] into the atmosphere gas. As a
result, a buried oxide layer with chemical stable state is formed by
combining the implanted oxygen ions with the silicon, so that the
interfaces of the buried oxide layer 2 become abrupt at the predetermined
depths. The depth which the buried oxide layer 2 is 20  formed is
optionally adjusted by changing the acceleration energy of the oxygen ions.
MOS devices are formed to the thus-formed SIMOX substrate and, in the case
of 



the pMOS used in an inverter, the thickness of the buried oxide layer
corresponding to a source S and a drain D is selectively increased in the
pMOS in the embodiment of Fig. I to remain the part of the buried oxide
layer positioned right under a gate G in the 25  thickness in producing the
SIMOX substrate. In a process shown in the left side of Fig. 1, a
mask-pattern 3 is formed on the top of the SIMOX substrate 3 (process (1)).
The mask-pattern 3 works in order to practice the local growth of the
buried oxide layer 2 corresponding to the regions of the source S and the
drain D as the specified regions to decrease the parasitic capacitance and
to mask the 30  top silicon layer except the S and D from the oxidation.
The mask-pattern 3 may be formed with the general pattern forming method by
thermal oxide oxidation below [err] C. The local growth of the buried oxide
layer 2 corresponding to the specified electrode S and D is practiced by
the high-temperature oxidation of the substrate 1 with 35  the above-formed
mask-pattern 3. This means that the substrate 1 is processed to remain in a
heat furnace under the oxidation atmosphere containing residual Ar gas
having 02 concentration 70% and to practice the oxidation treatment in the
state of heating up at    10 1350 [err] for four hours (process (2)).
Therefore, areas 4 are formed where the buried oxide layer 2 corresponding
to the electrode S and D except parts shielded by the mask- pattern 3
grows. The surface oxide film and the mask-pattern 3 are removed from the
substrate 5  (process (3)) and MOSFET is formed with a general method. In
addition to practice LOCOS separation to insulate between MOSFET devices
(process (4)), MOSFET is formed by forming the source and the drain on the
areas 4, forming p-type or n-type layer with doping impurity to an active
silicon, and setting electrodes (process (5)). A process shown in the right
side of Fig. 1 is that the growth of the buried oxide 10  layer including
the LOCOS film part to separate between MOSFET devices is practiced to
shield particularly the part corresponding to the gate electrode G exerting
no influence on the parasitic capacitance by the mask-pattern 3 from
oxidation and other things are the same as the afore-mentioned example.
Incidentally, in the substrate in the process (3) of Fig. 1, when the
irregularity 15  quantity of the surface of the substrate is required to
decrease, for instance, the only mask 3 is selectively removed after the
high-temperature oxidation treatment of the process (2) (e.g., when mask
material is a silicon nitride film, it is removed by phosphoric acid
solution), and the low-temperature oxidation below [err] is practiced. In
this case, the 



top silicon layer corresponding to the regions removing from the mask 3 is
primarily 20  oxidized, so that the irregularity of the surface of the
substrate after the oxide film is removed in the later process (3) can be
fewer. Fig. 3 shows a correlativeness of the thickness of the buried oxide
layer of CMOS  LSI having an SOI structure and propagation-delay time. And
Fig. 3 shows a result in the case of the applied voltage 2.5V, the
thickness 10 nm of the gate oxide film, 25  the gate length 2.5 [err]. The
propagation-delay time in CMOS  LSI has been 22ps in the thickness 450nm of
the buried oxide layer and has increased 30ps in the thickness 90nm of the
buried oxide layer and the performance has been inferior. However, in CMOS
- LSI according to the first embodiment in which the thickness of the
buried oxide layer corresponding to the source S , the drain D shown in
Fig. 1 is defined as 110m, the 30  propagation-delay time is shortened to
26ps. This means that the propagation-delay time can be improved by the
decrease of the parasitic capacitance of the source and the drain. Fig. 4
shows a correlativeness of a drain voltage and a drain electric current in
the case of changing the gate voltage [err] to 3V, 2V and IV. In the
figure, the reference symbol A means when the thickness of the buried oxide
layer right under the MOS device 35  is uniformly defined as t=110nm, the
reference symbol B means when, in the MOS device formed by the first
embodiment, the thickness of the buried oxide layer right under the source
and drain is defined as t=110nm and the thickness of the buried oxide layer
right    under the gate is defined as t=90nm, and the reference symbol C
means t=450nm in the conventional method. In the example C according to the
conventional method, saturated drain electric current reduces by about 10%.
However, in the producing method according to the present invention, the
average thickness of the buried oxide layer 5  between the device and the
substrate silicon can be thin, and an effect on suppressing the reduction
of the drain electric current caused by the negative electrical resistance
is confirmed. Incidentally, the example of producing the pMOS in the
afore-mentioned embodiment is described, and in producing the nMOS, there
are the disadvantage of the 10  parasitic capacitance in the drain
electrode parts, so that the buried oxide layer corresponding to the thus
drain electrode parts may be partly grown to solve. The reduction of the
drain electric current caused by the negative electrical resistance or the
parasitic capacitance as the disadvantages in the source or drain in the
MOS devices is designed to be improved in the thus far described
embodiment. Next, 15  other production process example of an embodiment to
be able to form devices having different breakdown voltages on the same
substrate in mixture is shown in Fig. 2. The 



starting point substrate 1 in the above embodiment as well as the
embodiment in Fig. 1 is processed through the anneal processing by means of
the heat treatment at 1350 [err] for four hours under an atmosphere
containing therein Ar gas + 0.5% [err] after the oxygen ion 20
implantation is carried out under the conditions of acceleration voltage
180 keV, dose of ions 4 x [err]. In the thus substrate as the starting
point substrate, it is designed that the growth of the buried oxide layer
is practiced on the partial buried oxide layer 2 corresponding to a
high-voltage device part requiring the thick dielectric separation film by
dividing the 25  region to form the high-voltage devices from the region to
form low-voltage devices. In a process of the left side of Fig. 2, a first
mask-pattern 5 is formed on the SIMOX substrate 1 to prevent the top
silicon region except the region to form high- voltage devices from
oxidizing (process (1)). The mask may be formed with a general thermal
oxide film. 30         The buried oxide layer 2 corresponding to only the
region to form high-voltage devices is partly grown by practicing the high
temperature oxidation of the substrate 1 having the mask-pattern 5. This
means that the substrate 1 is processed to remain in the heat furnace under
the oxidation atmosphere containing therein residual Ar gas having
concentration [err] 70% and to practice the oxidation treatment in the
state of heating up at 35   1350 [err] for four hours (process (2)).
Therefore, an area 6 is formed by practicing the thickness increase in the
part of the buried oxide layer 2 corresponding to the region where the
high-voltage devices are formed region where the mask-pattern 5 does not
12 shield. Next, the mask-pattern 5 and the top oxide film are removed with
etching from the substrate (process (3)), and after the top silicon layer
is divided into several parts on the buried oxide layer 2 by LOCOS
isolation, the high-voltage devices (e.g., IGBT) are 5  formed on the area
6 corresponding to the buried oxide layer which has been grown and the
low-voltage devices (e.g., MOS . LOGIC) are formed at places except the
area 6. The above-described devices may be formed by a well-known method
(non-shown). In a process shown in the right side of Fig. 2, after forming
the first mask-pattern 5 on the top of the SIMOX substrate, the substrate
is processed through the high 10  temperature oxidation under the
predetermined [err] concentration atmosphere at temperatures of between
1150 [err] and less than the melting point temperature for silicon for
several hours, so that the area 6 corresponding to the increased buried
oxide layer 2 can be formed. The next process is that the oxide film and
the mask-pattern 5 are 



removed from the substrate and, in a further process, after forming a
second mask-pattern 15  7 on the top of the SIMOX substrate 1, the
substrate is processed through the low- temperature oxidation below 1150
[err], the thickness of the top silicon layer is adjusted to requiring
thickness and an area 8 is formed. At the end, the high-voltage devices are
formed on the area 6 and the low-voltage devices are formed on the area 8.
Incidentally, after forming the area 6 and removing the oxide film from the
surface of the substrate, the 20  thickness of the partial area 6 may be
further increased by heating under the predetermined [err] concentration
atmosphere at temperatures of between 1150 [err] and less than the melting
point temperature for several hours again. Conventionally, there have been
two types of SIMOX substrates produced by the oxygen ion implantation. One
is applied to high-voltage devices and the other is applied 25  to
low-voltage devices. The thickness of the buried oxide layer of the SIMOX
substrate to form the high-voltage devices is defined as 450nm and the
thickness of the buried oxide layer of the SIMOX substrate to form the
low-voltage devices is defined as 90nm. However, by applying the producing
method for MOS . LSI according to the present invention based on the SIMOX
substrate having the thickness 90nm of the buried oxide 30  layer, the
thickness of the partial buried oxide layer can be increased to 400nm and
both of the high-voltage devices and the low-voltage devices can be formed
together on one substrate formed by the oxygen ion implantation method.
Incidentally, there is other non-shown design to be able to eliminate
simultaneously the disadvantages causing, in particular, the parasitic
capacitance or the 35  negative electrical resistance in each source and
drain of the low-voltage devices by the way in which the substrate is
processed through the processes shown in Fig. 1 after controlling the
thicknesses of the buried oxide layer corresponding to each region to form
13 devices having different breakdown voltages in the producing method
shown in Fig. 2. When the substrate having in the thickness of the buried
oxide layer controlled by means of the high-temperature oxidation treatment
as shown in Fig. 2 is defined as the starting point substrate and next the
process treatments as shown in Fig. 1 are carried out therein, 5  the thus
design is easily achieved.    14 WHAT IS CLAIMED IS: 



1.    A method of producing semiconductor devices to form the semiconductor
device on a SIMOX substrate designed to form a buried oxide layer by
practicing an anneal 5  processing under an inert gas atmosphere at high
temperature after implanting oxygen ions into a single-crystal silicon
substrate and to form a single-crystal silicon layer (a top silicon layer)
dielectrically separated from the substrate silicon, comprising the steps
of: forming in advance an oxidation shield mask on corresponding specified
regions of one or plural semiconductor devices formed on the top silicon
layer of the SIMOX 10  substrate; growing partly the buried oxide layer
corresponding to other regions except the regions shielded by the mask by
processing a high-temperature oxidation treatment under an oxygen
atmosphere over 1,150 [err] to the substrate; and forming a source or a
drain in the top silicon layer on the thickened part of the 15  buried
oxide layer. 2.     A method of producing semiconductor devices according
to Claim 1, wherein the semiconductor devices are defined as a nMOS; and
wherein the specified regions which are not shielded by the mask are
defined as 20  the drain. 3.     A method of producing semiconductor
devices according to Claim 1, wherein the semiconductor devices are defined
as a pMOS; and wherein the top silicon layer corresponding to regions
except the specified 25  regions shielded by the mask is defined as both of
the drain and the source. 4.     A method of producing semiconductor
devices to form the semiconductor devices on a SIMOX substrate designed to
form a buried oxide layer by practicing an anneal processing under an inert
gas atmosphere at high temperature after implanting 30  oxygen ions into a
single-crystal silicon substrate and to form a single-crystal silicon layer
dielectrically separated from the substrate silicon, comprising the steps
of: forming in advance an oxidation shield mask on the surface
corresponding to the region to form low-voltage devices of the plural
semiconductor devices formed in the top silicon layer of the SIMOX
substrate; 35          growing partly the buried oxide layer corresponding
to regions except the regions shielded by the mask by processing
high-temperature oxidation treatment under an oxygen atmosphere over 1,150
[err] to the substrate;    forming high-voltage devices on the top silicon
layer on the thick regions of the buried oxide layer, and forming all of
devices having different breakdown voltages together on the same 



substrate by forming low-voltage devices on the thin film regions of the
buried oxide layer. 5 5.     A method of producing semiconductor devices
according to Claim 4, wherein the oxidation shield mask is formed in
advance on the surface regions corresponding to specified regions of the
low-voltage devices on the buried oxide layer corresponding to the
low-voltage devices after controlling thickness of the buried oxide 10
layer in response to the devices having different breakdown voltages by the
high temperature oxidation; wherein the thickness growth is partly carried
out in the buried oxide layer corresponding to regions except the regions
shielded by the mask by oxidation treatment under an oxygen atmosphere over
1,150 [err] to the substrate; and 15         wherein at least a source or a
drain is formed in the top silicon layer upper the different thickness part
of the buried oxide layer. 6.     A method of producing semiconductor
devices, said method being substantially as herein described with reference
to Figs. 3-8 and Fig. 1 or 2 of the accompanying drawings. 5  7.     A
semiconductor device formed by the method of any one of claims 1-6. 8.
A semiconductor device as claimed in claim 7 and comprising a MOSFET. 9.
A plurality of semiconductor devices as claimed in claim 8 being formed on
10  the same substrate and having a plurality of different breakdown
voltages. 10.    A MOSFET semiconductor device substantially as described
herein with reference to Fig. 5 of the accompanying drawings.    


