
[err] The present application relates to U.S. Serial No. 08/508,483   , as
filed before U.S. Patent Office 5   on July 28, 1995. TITLE OF THE
INVENTION Semiconductor Integrated Circuit Device and Process for
Manufacturing the Same 10 BACKGROUND OF THE INVENTION The present invention
relates to a semiconductor integrated circuit device and a technique for
manufacturing the same.  More particularly, the 15   present invention
relates to a semiconductor integrated circuit device having an epitaxial
layer 



formed over the surface of a semiconductor substrate body and a technique
effective if applied to a processor for manufacturing the same. 20
There has been progressed a technique for manufacturing a semiconductor
integrated circuit device in which an epitaxial layer (a semiconductor
single crystallayer) is formed over a mirror-finished semiconductor
substrate body and is formed with a 25   predetermined semiconductor
integrated circuit [err]    2 



element. This is because the formation of the epitaxial layer provides the
excellent effects: the soft-error resistance and the latch-up resistance
are improved; 5   and the gate insulating film to be formed over the
epitaxial layer can have its breakdown characteristics improved to reduce
its defect density drastically. The semiconductor integrated circuit device
having such epitaxial layer is disclosed, for example, 10   on pp. 761 to
763 of "Applied Physics, Vol. 60, Edit. 8" of Association of Applied
Physics, issued on August 10, 1991. This publication describes a
semiconductor integrated circuit device constructed such that there 



15   is formed over a [err]-type semiconductor substrate a p(or n)-type
epitaxial layer which contains a p(or n)-type impurity in a lower
concentration than that of the p(or n)-type impurity of the semiconductor
substrate and which is formed therein with a 20   semiconductor region
called the well and equipped thereon with a MOS FET (Metal Oxide
Semiconductor Field Effect Transistor) or the like. Incidentally, the well
of this case is formed by the impurity diffusion from the surface of the 25
epitaxial layer so that its impurity concentration has [err]   



3 higher surface and lower internal distributions. Another publication is
exemplified by Japanese Patent Laid-Open No. 260832/1989 disclosing a
construction which is made such that a p-type 5   epitaxial layer is formed
over a p-type semiconductor substrate and such that a well is formed to
extend from the surface of the epitaxial layer to the upper portion of the
semiconductor substrate. This publication further discloses a process for
10   forming the well by introducing a well forming impurity into the
semiconductor substrate body and subsequently by growing the epitaxial
layer over the 



semiconductor substrate body while diffusing the well forming impurity in
the upper portion of the 15   semiconductor substrate body. Incidentally,
the impurity concentration of this case is distributed to form a
mountainous curve having its peak in the boundary between the epitaxial
layer and the semiconductor substrate body, that is, the 20   impurity
concentration is low at the surface side of the epitaxial layer, high in
the boundary between the epitaxial layer and the semiconductor substrate
body, and low in the semiconductor substrate body. 25   SUMMARY OF THE
INVENTION [err]  



4 However, we have found out that the technique described above has the
following problems. A first problem is that the element is liable to have
characteristic fluctuations.  Since the element 5   is formed in the well,
according to the aforementioned technique, the impurity in the well will
fluctuate the element characteristics such as the threshold voltage or the
substrate effect. A second problem is that the well has to set its 10
impurity concentration severely strictly for suppressing its characteristic
fluctuations so that 



its formation is difficult to control. A third problem is that it is
difficult to design the circuit of the semiconductor integrated circuit 15
device.  Specifically, since the element is formed in the well, according
to that technique, the fluctuations of the threshold voltage and the
substrate effect constant are increased in the MOS FET, for example, to
make it difficult to design 20   the circuit of the semiconductor
integrated circuit device. A fourth problem is an obstruction to the
improvement in the high-speed action of the semiconductor integrated
circuit device. 25   Specifically, the junction capacity in the wiring line



[err]    5 of the diffusion layer or the drain portion of the MOS FET
increases to a load capacity. This problem grows the more serious for the
finer structure of the element.  Specifically, if the device 5   has its
physical size reduced according to a constant coefficient K (K < 1), the
impurity concentration in the channel will rise K times to invite a
reduction in the carrier mobility due to the impurity scattering and an
increase in the junction capacity per unit area 



10   of the semiconductor region for the source/drain over the
semiconductor substrate. A fifth problem is that a thermal treatment at a
high temperature and for a long time period is required for forming the
well. Specifically, in order 15   to raise the breakdown voltage (or
punch-through voltage) against the current to flow from the drain of the
MOS FET to the semiconductor substrate, for example, it is necessary to
increase the impurity concentration of the well or to deepen the well.
What 20   is adopted is to deepen the well because the impurity
concentration of the well cannot be made so high from the standpoint of the
aforementioned element characteristics.  Thus, the thermal treatment at a 



high temperature and for a long time is required for 25   forming the well.
[err]    6 An object of the present invention is to provide a technique
capable of improving the setting accuracy of element characteristics. An
object of the present invention is to provide 5   a technique capable of
facilitating the control of well formation. An object of the present
invention is to provide 



a technique capable of facilitating the circuit design of the semiconductor
integrated circuit device. 10        An object of the present invention is
to provide a technique capable of improving the action speed of the
semiconductor integrated circuit device. An object of the present invention
is to provide a technique capable of shortening the time period for 15
forming the well. An object of the present invention is to provide a
technique capable of forming an epitaxial layer having an excellent
crystallizability. An object of the present invention is to provide 20   a
technique capable of improving the setting accuracy of the impurity
concentration in the epitaxial layer. 



The foregoing and other objects and the novel features of the present
invention will become apparent from the following description to be made
with 25   reference to the accompanying drawings. [err]    The
representative ones of the invention to be disclosed herein will be briefly
summarized in the following. Specifically, according to the present
invention, 5   there is provided a semiconductor integrated circuit device
which is characterized: in that a first region 



containing a first impurity of a predetermined conduction type for forming
a PN junction is formed over the principal plane of a semiconductor
substrate 10   body; in that an epitaxial layer containing an impurity in a
lower concentration than that of first region is formed over the
semiconductor substrate body; and in that an element isolating portion is
formed in the epitaxial layer within an element 15   isolating region over
the semiconductor substrate having the bottom portion at which the PN
junction terminates. In the semiconductor integrated circuit device of the
present invention, moreover, the element isolating 20   portion is formed
by a channel extending to the upper 



portion of the semiconductor substrate body. In the semiconductor
integrated circuit device of the present invention, moreover, an insulating
film is formed on the surface of the channel by a thermal 25 oxidation
method. [err]    8 In the semiconductor integrated circuit device of the
present invention, moreover, a MIS (Metal Insulator Semiconductor) FET is
formed in the epitaxial layer, and an eighth region for a punch- 



5   through stopper, which is doped with an impurity having the same
conduction type as that of the impurity of the epitaxial layer and a higher
impurity concentration than that of the same impurity, is formed at a
predetermined depth position in the 10   epitaxial layer. In the
semiconductor integrated circuit device of the present invention, moreover,
of the epitaxial layer, the epitaxial layer in an element forming region
for an electrostatic protection circuit to be 15   attached to an input
circuit constituting an semiconductor integrated circuit and a power
circuit has its impurity concentration set equal to or higher than that of
the first region. 



In the semiconductor integrated circuit device of 20   the present
invention, moreover, of the epitaxial layer, the epitaxial layer in a
memory cell forming region has its impurity concentration set higher than
that of the epitaxial layer in an element forming region for an internal
circuit. 25        In the semiconductor integrated circuit device of    9
the present invention, moreover, of the epitaxial layer, the epitaxial
layer in a memory cell forming region has its impurity concentration set,
below the 



semiconductor region other than that to be connected 5   with a data line,
to a value higher than that of the epitaxial layer in the element forming
region for an internal circuit. On the other hand, a process for
manufacturing a semiconductor integrated circuit device according to 10
the present invention, comprises the following steps (a) to (e): (a)  the
step of doping a semiconductor substrate body with the first impurity
before the epitaxial layer is formed; 15   (b)  the step of doping the
semiconductor substrate body with the second impurity before the epitaxial
layer is formed; 



(c)  the step of forming the epitaxial layer over the principal plane of
the semiconductor substrate body 20   doped with the first impurity and the
second impurity; (d)  the step of a cap film over the surface of the
epitaxial layer; and (e)  the step of forming the first region and the
second region by subjecting the semiconductor 25   substrate body formed
with the cap film to a thermal    10 diffusion treatment. Moreover, a
process for manufacturing a 



semiconductor integrated circuit device according to the present invention,
comprises the following steps 5   (a') to (f'): (a')  the step of doping a
semiconductor substrate body with the first impurity before the epitaxial
layer is formed; (b')  the step of doping the semiconductor substrate 10
body with the second impurity before the epitaxial layer is formed; (c')
the step of subjecting the semiconductor substrate body to a thermal
treatment for recovering a damage after the steps of introducing the first
15   impurity and the second impurity and before the step of forming the
epitaxial layer; 



(d')  the step of forming the epitaxial layer over the principal plane of
the semiconductor substrate body thermally treated for the damage recovery;
20   (e')  the step of forming a cap film over the surface of the epitaxial
layer; and (f')  the step of forming the first region and the second region
by subjecting the semiconductor substrate body formed with the epitaxial
layer to a 25   thermal diffusion treatment.    According to the
semiconductor integrated circuit device of the present invention described
above, the 



gate insulating film of the MOS FET is formed over the epitaxial layer of a
semiconductor single crystalline 5   layer so that it can have an excellent
film quality to improve its breakdown voltage.  At the same time, the
lightly doped epitaxial layer, as formed over the heavily doped first and
second regions, is formed with the predetermined elements.  As a result,
the elements 10   can have their characteristics set accurately without
being influenced by the impurities in the first region, the second region
and the semiconductor substrate body so that the setting accuracy of the
element characteristics can be improved. 15        According to the
semiconductor integrated circuit device of the present invention, moreover,
the 



predetermined elements (e.g., MOS FETs) are formed in the lightly doped
epitaxial layer so that the breakdown voltage of the gate insulating film
can be 20   improved and so that the junction capacity of the semiconductor
regions forming the predetermined elements can be reduced.  Thus, it is
possible to improve the action speed of the semiconductor integrated
circuit device. 25        According to the semiconductor integrated circuit
12 device of the present invention, moreover, the lightly 



doped epitaxial layer, as formed over the heavily doped first and second
regions, is formed with the predetermined elements.  As a result, the
breakdown 5   voltage of the gate insulating film can be improved, and the
first region and the second region can have their impurity concentrations
set substantially independently of the characteristics of the predetermined
elements. 10        According to the semiconductor integrated circuit
device of the present invention, moreover, the lightly doped epitaxial
layer, as formed over the heavily doped first and second regions, is formed
with the predetermined elements. As a result, the breakdown 15   voltage of
the gate insulating film can be improved, 



and the first region and the second region can have their impurity
concentrations set substantially independently of the characteristics of
the predetermined elements.  Thus, it is possible to 20   facilitate the
control of forming the first region and the second region. According to the
semiconductor integrated circuit device of the present invention, moreover,
the element isolating portion is formed into the channel shape. 25   As a
result, even if the epitaxial layer is [err]    



13 considerably thick, the element isolating portion capable of isolating
the epitaxial layer individually for the element forming regions can be
formed without increasing the area occupied by the element isolating 5
portion. According to the semiconductor integrated circuit device of the
present invention, moreover, the insulating film is formed by the thermal
oxidation method on the surface of the channel for the element 10
isolating portion.  As a result, it is possible to satisfactorily protect
the epitaxial layer in the channel, the semiconductor substrate body, and
the junction portion of the first and second region. 



According to the semiconductor integrated circuit 15   device of the
present invention, moreover, it is possible to improve the breakdown
voltage of the gate insulating film and the carrier mobility.  Moreover,
the epitaxial layer, as equipped with the MIS FETs, is formed at a
predetermined depth with the eighth region 20   for the punch-through
stopper.  As a result, it is possible to prevent the punch-through
phenomenon between the sources and drains of the MIS FETs.  On the other
hand, the depletion layer depthwise extending from the source/drain can
have its extension 25   suppressed in the first region or the second region
to   



14 prevent the punch-through between the source and the drain. According to
the semiconductor integrated circuit device of the present invention,
moreover, the 5   epitaxial layer in the element forming region for the
electrostatic protection circuit attached to the input circuit and the
power supply has its impurity concentration set equal to or higher than
that of the first region.  As a result, it is possible to 10   eliminate
the deviation of the minority carriers of the base region at the operating
time of the bipolar transistors for the electrostatic protection circuit 



and to prevent any local current concentration in that epitaxial layer.  As
a result, the current can be 15   uniformly established in the
collector/base junctions of the bipolar transistors thereby to prevent the
reduction of the electrostatic breakdown voltage of the electrostatic
protection circuit. According to the semiconductor integrated circuit 20
device of the present invention, moreover, of the epitaxial layer, the
epitaxial layer in the region forming the memory cells has its impurity
concentration set to a value higher than that of the epitaxial layer in the
element forming region for the 25   internal circuit.  As a result, it is
possible to  



15 increase the junction capacity of the epitaxial layer and to form the
barrier layer for preventing the carriers, which are produced due to the
electron-hole pairs by the alpha ray, from invading the information 5
holding portion.  As a result, it is possible to prevent the drop of the
memory holding characteristics of the semiconductor integrated circuit
device having the memory cells. According to the semiconductor integrated
circuit 10   device of the present invention, moreover, of the epitaxial
layer, the epitaxial layer in the memory 



cell forming region has its impurity concentration set, only below the
semiconductor region other than that to be connected with the data lines,
to a value 15   higher than that of the epitaxial layer in the element
forming region for the internal circuit.  As a result, it is possible to
prevent the drop of the memory holding characteristics without increasing
the load capacity of the data line. 20        According to the
semiconductor integrated circuit device of the present invention, moreover,
the thermal treatment is done for recovering the damage after the impurity
introducing step, followed by forming the epitaxial layer, so that the
crystal defect of the 25   semiconductor substrate body surface layer can
be 



16 reduced to recover the damage.  As a result, it is possible to form the
epitaxial layer having an excellent crystallizability. According to the
semiconductor integrated circuit 5   device of the present invention, prior
to the thermal diffusion treating step for forming the first region and the
second region, the cap film is formed over the epitaxial layer so that the
first impurity and the second impurity can be suppressed from diffusing
into 10   the diffusion furnace during the diffusion treating 



step while preventing the epitaxial layer from being doped with the
impurities having diffused.  Thus, it is possible to improve the accuracy
of setting the impurity concentration in the epitaxial layer. 15 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a section showing an essential
portion of a semiconductor integrated circuit device according to one
embodiment of the present invention; 20        Fig. 2 is a circuit diagram
showing an example of application of the semiconductor integrated circuit
device of Fig. 1; Fig. 3 is a section showing an essential portion of the
semiconductor integrated circuit device of Fig. 



25   1 at a manufacture step;    17 Fig. 4 is a section showing an
essential portion of the semiconductor integrated circuit device of Fig. 1
at a manufacture step subsequent to that of Fig. 3; Fig. 5 is a section
showing an essential portion 5   of the semiconductor integrated circuit
device of Fig. 1 at a manufacture step subsequent to that of Fig. 4; Fig. 6
is a section showing an essential portion of the semiconductor integrated
circuit device of Fig. 1 at a manufacture step subsequent to that of Fig.
5; 



10        Fig. 7 is a section showing an essential portion of the
semiconductor integrated circuit device of Fig. 1 at a manufacture step
subsequent to that of Fig. 6; Fig. 8 is a section showing an essential
portion of the semiconductor integrated circuit device of Fig. 15   1 at a
manufacture step subsequent to that of Fig. 7; Fig. 9 is a section showing
an essential portion of the semiconductor integrated circuit device of Fig.
1 at a manufacture step subsequent to that of Fig. 8; Fig. 10 is a section
showing an essential portion 20   of the semiconductor integrated circuit
device of Fig. 1 at a manufacture step subsequent to that of Fig. 9; Fig.
11 is a section showing an essential portion of the semiconductor
integrated circuit device of Fig. 



1 at a manufacture step subsequent to that of Fig. 10; 25        Fig. 12 is
a section showing an essential portion    18 of a semiconductor integrated
circuit device according to another embodiment of the present invention;
Fig. 13 is a section showing an essential portion of a semiconductor
integrated circuit device according 5   to still another embodiment of the
present invention; Fig. 14 is a section showing an essential portion of a
semiconductor integrated circuit device according to a further embodiment
of the present invention; 



Fig. 15 is a section showing an essential portion 10   of a semiconductor
integrated circuit device according to a further embodiment of the present
invention; Fig. 16 is a section showing an essential portion of a
semiconductor integrated circuit device according to a further embodiment
of the present invention; 15        Fig. 17 is a section showing an
essential portion of a semiconductor integrated circuit device according to
a further embodiment of the present invention; Fig. 18 is a section showing
an essential portion of a semiconductor integrated circuit device according
20   to a further embodiment of the present invention; Fig. 19 is a section
showing an essential portion of the semiconductor integrated circuit device
of Fig. 



18 at a manufacture step; Fig. 20 is a section showing an essential portion
25   of the semiconductor integrated circuit device of Fig.    19 18 at a
manufacture step subsequent to that of Fig. 19; Fig. 21 is a section
showing an essential portion of the semiconductor integrated circuit device
of Fig. 5   18 at a manufacture step subsequent to that of Fig. 20; Fig. 22
is a section showing an essential portion 



of the semiconductor integrated circuit device of Fig. 18 at a manufacture
step subsequent to that of Fig. 10   21; Fig. 23 is a section showing an
essential portion of the semiconductor integrated circuit device of Fig. 18
at a manufacture step subsequent to that of Fig. 22; 15        Fig. 24 is a
section showing an essential portion of a semiconductor integrated circuit
device according to a further embodiment of the present invention; Fig. 25
is a section showing an essential portion of a semiconductor integrated
circuit device according 20   to a further embodiment of the present
invention; Fig. 26 is a section showing an essential portion 



of the semiconductor integrated circuit device of the further embodiment of
the present invention at a manufacture step; 25        Fig. 27 is a section
showing an essential portion    20 of the semiconductor integrated circuit
device of the further embodiment of the present invention at a manufacture
step subsequent to that of Fig. 26; Fig. 28 is a section showing an
essential portion 5   of the semiconductor integrated circuit device of the
further embodiment of the present invention at a 



manufacture step subsequent to that of Fig. 27; Fig. 29 is a section
showing an essential portion of the semiconductor integrated circuit device
of the 10   further embodiment of the present invention at a manufacture
step subsequent to that of Fig. 28; Fig. 30 is a section showing an
essential portion of the semiconductor integrated circuit device of the
further embodiment of the present invention at a 15   manufacture step;
Fig. 31 is a section showing an essential portion of the semiconductor
integrated circuit device of the further embodiment of the present
invention at a manufacture step subsequent to that of Fig. 30; 20
Fig. 32 is a section showing an essential portion 



of the semiconductor integrated circuit device of the further embodiment of
the present invention at a manufacture step subsequent to that of Fig. 31;
Fig. 33 is a section showing an essential portion 25   of the semiconductor
integrated circuit device of the [err]    21 further embodiment of the
present invention at a manufacture step subsequent to that of Fig. 32; Fig.
34 is a section showing an essential portion of the semiconductor
integrated circuit device of the 



5   further embodiment of the present invention; Fig. 35 is a section
showing an essential portion of the semiconductor integrated circuit device
of the further embodiment of the present invention at a manufacture step
subsequent to that of Fig. 34; 10        Fig. 36 is a section showing an
essential portion of the semiconductor integrated circuit device of the
further embodiment of the present invention at a manufacture step
subsequent to that of Fig. 35; Fig. 37 is a section showing an essential
portion 15   of the semiconductor integrated circuit device of the further
embodiment of the present invention at a manufacture step subsequent to
that of Fig. 36; Fig. 38 is a section showing an essential portion 



of the semiconductor integrated circuit device of the 20   further
embodiment of the present invention at a manufacture step subsequent to
that of Fig. 37; Fig. 39 is a section showing an essential portion of the
semiconductor integrated circuit device of the further embodiment of the
present invention at a 25   manufacture step subsequent to that of Fig. 38;
22 Fig. 40 is a section showing an essential portion of the semiconductor
integrated circuit device of the further embodiment of the present
invention at a 



manufacture step subsequent to that of Fig. 39; 5        Fig. 41 is a
section showing an essential portion of a semiconductor integrated circuit
device according to a further embodiment of the present invention; Fig. 42
is a graph diagram plotting a depthwise impurity concentration distribution
of a semiconductor 10   substrate in the semiconductor integrated circuit
device of the present invention; Fig. 43 is a section showing an essential
portion of a semiconductor integrated circuit device according to a further
embodiment of the present invention; 15        Fig. 44 is a section showing
an essential portion of a semiconductor integrated circuit device according
to a further embodiment of the present invention; and 



Fig. 45 is a section showing an essential portion of a semiconductor
integrated circuit device according 20   to a further embodiment of the
present invention. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The
present invention will be described in detail in the following in
connection with its embodiments 25   with reference to the accompanying
drawings.    23 (Embodiment 1) Fig. 1 is a section showing an essential
portion of a semiconductor integrated circuit device according 



to one embodiment of the present invention; Fig. 2 is 5   a circuit diagram
showing an example of application of the semiconductor integrated circuit
device of Fig. 1; and Figs. 3 to 11 are sections showing an essential
portion of the semiconductor integrated circuit device of Fig. 1 at
individual manufacture steps. 10        As shown in Fig. 1, a semiconductor
substrate 2, as constructing a semiconductor integrated circuit device 1 of
the present embodiment 1, is composed of a semiconductor substrate body 2S
and an epitaxial layer (or a single crystalline semiconductor layer) 2E 15
formed over the semiconductor substrate body 2S. This semiconductor
substrate body 2S is made of a [err]-type silicon (Si) single crystal
having a specific 



resistance of 10 [err]cm and a thickness of about 500 pm, for example.
Specifically, the semiconductor 20   substrate body 2S is homogeneously
doped with a p-type impurity such as boron (B) in a dosage of about 1 x
[err] to 10 x 1015 [err] preferably 1.3 x [err] [err]. In the upper portion
of the semiconductor 25   substrate body 2S, there are formed semiconductor
24 regions, i.e., a well (or a first region) 3a and a well (or a second
region) 3b which are adjacent to 



each other.  These wells 3a and 3b are doped with impurities of different
conduction types to form a PN 5   junction J. The well 3a is doped with an
n-type impurity such as phosphor (P).  On the other hand, the well 3b is
doped with a p-type impurity such as boron.  These wells 3a and 3b have an
equal impurity concentration 10   as high as a surface concentration of
about 1 x atoms/cm3 or more.  Incidentally, this surface concentration may
be higher because no element is formed therein.  In short, the well 3a
provides an n-well, and the well 3b provides a p-well. 15        In the
present embodiment 1, therefore, a punch- through voltage between the drain
of a MOS FET and the 



semiconductor substrate body 2S can be raised even if the wells 3a and 3b
are not so deep.  Moreover, the wells 3a and 3b can have their impurity
concentrations 20   set so high as to improve the latch-up breakdown
voltage and the soft-error breakdown voltage. Over the principal plane of
the semiconductor substrate body 2S, there is formed the epitaxial layer
2E.  Over this epitaxial layer 2E, an element forming 25   region, as
enclosed by an element isolating insulating    25 film or field insulating
film (or a first oxide film) 



4, is formed with elements including a p-channel MOS FET (as will be called
the pMOS) 5P and an n-channel type MOS FET (as will be called the nMOS) 5N.
5        The epitaxial layer 2E is made of a single crystalline Si having
such a thickness, e.g., 0.3 pm to 3 pm as to retain the device
characteristics and the reliability of the gate insulating film and as to
allow the bottom portion of the field insulating film 10   4 to contact
with the upper portion of the semiconductor substrate body 2S. Of the
epitaxial layer 2E, an epitaxial layer 2E1 over the well 3a is doped with
an n-type impurity such as phosphor in an impurity concentration of 1 x
1015 to 15   10 x [err] atoms/cm3, preferably 1.3 x [err] atoms/cm3. 



Of the epitaxial layer 2E, moreover, an epitaxial layer 2E2 over the well
3b is doped with a p-type impurity such as boron in an impurity
concentration equal to that of the epitaxial layer 2E1 of 1 x [err] to 20
10 x 1015 atoms/cm3, preferably 1.3 x 1015 [err].  In short, both the
impurity concentrations of the epitaxial layers 2E1 and 2E2 are set lower
than those of their underlying wells 3a and 3b. Thus, in the present
embodiment 1, the heavily 25   doped wells 3a and 3b are overlain by the
lightly    26 



doped epitaxial layer 2E, which is formed with the pMOS 5P and the nMOS 5N
over its epitaxial layers 2E1 and 2E2, so that the following first to fifth
effects can be achieved. 5        Firstly, the fluctuation of the element
characteristics can be suppressed to improve the set accuracy of the
element characteristics.  This is because the pMOS 5P and the nMOS 5N are
formed not directly in the wells 3a and 3b but over the lightly 10   doped
epitaxial layer 2E so that their characteristics (e.g., the threshold
voltage or the substrate effect) can be accurately set without being
influenced by the impurities of the wells 3a and 3b and the semiconductor
substrate body 2S. 



15        Secondly, the action rates of the semiconductor integrated
circuit device can be improved.  This is because the pMOS 5P and the nMOS
5N are formed over the lightly doped epitaxial layer 2E so that the
junction capacity of the drain can be reduced to 20   improve the tailing
characteristics of the pMOS 5P and the nMOS 5N accordingly.  Moreover,
since the channel forming region is formed over the lightly doped epitaxial
layer 2E, the inversion layer has its width enlarged to reduce the surface
scattering so that the 25   carrier mobility can be enhanced.    



27 Thirdly, the circuit design of the semiconductor integrated circuit
device can be facilitated.  This is because the substrate effect can be
lowered by forming the pMOS 5P and the nMOS 5N are formed over the 5
lightly doped epitaxial layer 2E. Moreover, the wells 3a and 3b can have
their impurity concentrations set substantially independently of those of
the pMOS 5P and the nMOS 5N so that the they can be set higher than those
of the 10   prior art.  This is because the latch-up resistance of the CMOS
(Complementary Metal Oxide Semiconductor) circuit can be improved to make
the circuit layout design sufficient against the latch-up breakage. 



Moreover, it is possible to prevent the punch-through 15   of the MOS FET.
Fourthly, the time period for a thermal treatment to form the wells 3a and
3b can be shortened. This is because the wells 3a and 3b can have their
impurity concentrations set to higher levels than those of the 20   prior
art substantially independently of those of the pMOS 5P and the nMOS 5N so
that they can be made shallower than those of the prior art. Fifthly, the
pMOS 5P and the nMOS 5N can be formed in the lightly doped epitaxial layer
2E so that 25   the junction breakdown voltage of the drain can be   



28 improved.  Moreover, the carrier mobility can also be improved. The
field insulating film 4, as formed in the element isolating region, is made
of a silicon oxide 5   film such as silicon oxide [err] and the PN junction
of the wells 3a and 3b terminates at the bottom of the field insulating
film 4.  Here in the case of the present embodiment 1, because of the high
impurity concentrations of the wells 3a and 3b, there is little 10
necessity for forming the channel stopper for setting a high threshold
voltage against the parasitic MOS FET below the field insulating film 4. In
other words, 



the field insulating film 4 is extended over the semiconductor substrate
body 2S more deeply than the 15   epitaxial layer 2E. As a result, the step
of introducing the impurity for forming the channel stopper can be
eliminated to shorten the time period for manufacturing the semiconductor
integrated circuit device.  Moreover, 20   the parasitic capacity due to
the channel stopper can be eliminated to improve the action speed of the
semiconductor integrated circuit device.  Still moreover, the drain
breakdown voltage is regulated by the overlapping portion between the drain
end portion 25   and the end portion of the channel stopper so that the  



29 drain breakdown voltage can be raised. The pMOS 5P is formed over the
epitaxial layer 2E1.  On the other hand, the nMOS 5N is formed over the
epitaxial layer 2E2.  Moreover, these pMOS 5P and 5   nMOS 5N form a CMOS
circuit. The pMOS 5P has the following components: a pair of semiconductor
regions (or seventh regions) 5P1 and 5P2 formed in the upper portion of the
epitaxial layer 2E and spaced from each other; a punch-through stopper 10
semiconductor region (or eighth region) 5P3 formed between the paired
semiconductor regions 5P1 and 5P2; 



a gate insulating film 5P4 formed over the epitaxial layer 2E; and a gate
electrode 5P5 formed over the gate insulating film 5P4.  Incidentally, the
punch- 15   through stopper semiconductor region may be abbreviated to the
punch-through stopper. The semiconductor regions 5P1 and 5P2 are regions
for forming the source/drain regions of the pMOS 5P and are doped with a
p-type impurity such as boron. 20   The impurity concentrations of the
semiconductor regions 5P1 and 5P2 are about 0.5 x [err] to 5 x [err] [err]
preferably 1 x [err]. The semiconductor regions 5P1 and 5P2 are given such
a thickness of about 0.1 pm as to come within the 25   range of the
thickness of the epitaxial layer 2E.  In 



30 this case, the regions having the maximum impurity concentrations are as
deep as about 0.04 [err] to 0.07 [err]. The punch-through stopper 5P3 is a
semiconductor 5   region which is formed to improve the punch-through
breakdown voltage between the semiconductor regions 5P1 and 5P2, so that
the punch-through breakdown voltage between the source and the drain can be
improved.  Specifically, since the semiconductor 10   regions 5P1 and 5P2
are formed in the lightly doped 



epitaxial layer 2E1, the punch-through stopper 5P3 is effective to improve
the punch-through breakdown voltage. The punch-through stopper 5P3 is doped
with an 15   n-type impurity such as phosphor.  The punch-through stopper
5P3 has an impurity concentration higher than that of the epitaxial layer
2E1, as exemplified by 5 x 1016 to 1 x [err] [err], preferably 2 x 1017
atoms cm3. The depth of the punch-through stopper 5P3 is so 20   set that
the peak region of the impurity concentration may be located midway of the
depth of the semi- conductor regions 5P1 and 5P2. On the other hand, the
depletion layer to extend depthwise from the semi- conductor regions 5P1
and 5P2 can have its extension 



25   suppressed by the well 3a to improve the punch-through    31 breakdown
voltage between the source and the drain. The gate insulating film 5P4 is
made of [err] (or a silicon oxide film) having a thickness of about 180
angstroms and formed over the epitaxial layer 2E.  As 5   a result, the
following first and second effects can be achieved. Firstly, the gate
insulating film 5P4 can have its quality improved to raise its breakdown
voltage. Secondly, the gate insulating film 5P4 can also have 



10   its defect density (i.e., the number of defects to be caused within a
predetermined range) improved (or reduced) by one figure or more.
Incidentally, the gate insulating film 5P4 is formed by thermally oxidizing
the epitaxial layer 2E, for example. 15   Moreover, the improvement in the
breakdown voltage of the gate insulating film, as formed over the epitaxial
layer, and the aforementioned thickness of the epitaxial layer are
disclosed in U.S. Application Serial No.             , as applied before
U.S. Patent 20   Office on July 28, 1995.  Here, the content of this
disclosure is inserted as a reference to the present invention. The gate
electrode 5P5 is made of a film of a 



poly-silicon single layer having a low resistance. 25   However, the gate
electrode 5P5 should not be limited    32 to the low-resistance
poly-silicon single film but could be modified in such various manners as
to have a structure in which a silicide film of [err] (or tungsten
silicide) overlies the low-resistance poly-silicon 5  film. On the other
hand, the nMOS 5N has the following components: a pair of semiconductor
regions (or seventh regions) 5N1 and 5N2 formed in the upper 



portion of the epitaxial layer 2E and spaced from each 10   other; a
punch-through stopper semiconductor region (or eighth region) 5N3 formed
between the paired semiconductor regions 5N1 and 5N2; a gate insulating
film 5N4 formed over the epitaxial layer 2E; and a gate electrode 5N5
formed over the gate insulating 15   film 5N4.  Incidentally, the
punch-through stopper semiconductor region may be abbreviated to the punch-
through stopper. The semiconductor regions 5N1 and 5N2 are regions for
forming the source/drain regions of the pMOS 5N 20   and are doped with an
n-type impurity such as phosphor or arsenic (As).  The impurity
concentrations of the semiconductor regions 5N1 and 5N2 are about 0.5 x
[err] 



to 5 x [err] atoms/cm3, preferably 1 x [err] atoms/cm3. The semiconductor
regions 5N1 and 5N2 are given 25   such a thickness of about 0.1 pm as to
come within the    33 range of the thickness of the epitaxial layer 2E.  In
this case, the regions having the maximum impurity concentrations are as
deep as about 0.04 pm to 0.07 pm. 5        Thus, semiconductor regions 5S1
and 5S2 are formed in the lightly doped epitaxial layer 2E so that they can
contact with the epitaxial layer 2E to reduce 



the junction capacity of the drain. The punch-through stopper 5N3 is a
semiconductor 10   region which is formed to improve the punch-through
breakdown voltage between the semiconductor regions 5N1 and 5N2, so that
the punch-through breakdown voltage between the source and the drain can be
improved while suppressing the extension of the 15   depletion layer.
Specifically, since the semiconductor regions 5N1 and 5N2 are formed.in the
lightly doped epitaxial layer 2E2, the punch-through stopper 5N3 is
effective to improve the punch-through breakdown voltage. 20        The
punch-through stopper 5N3 is doped with an n-type impurity such as
phosphor.  The punch-through 



stopper 5N3 has an impurity concentration higher than that of the epitaxial
layer 2E2, as exemplified by 5 x [err] to 1 x 1018 atoms/cm3, preferably 2
x [err] atoms/ 25   [err]  The depth of the punch-through stopper 5N3 is so
q    34 set that the peak region of the impurity concentration may be
located midway of the depth of the semi- conductor regions 5N1 and 5N2.  On
the other hand, the depletion layer to extend depthwise from the semi- 5
conductor regions 5N1 and 5N2 can have its extension 



suppressed by the well 3b to improve the punch-through breakdown voltage
between the source and the drain. The gate insulating film 5N4 is made of
[err] (or a silicon oxide film) having a thickness of about 180 10
angstroms and formed over the epitaxial layer 2E.  As a result, the
following first and second effects can be achieved.  As a result, there can
be attained effects similar to those of the aforementioned pMOS 5P.
Specifically, the gate insulating film 5N4 can 15   have its quality
improved to raise its breakdown voltage, and the gate insulating film 5N4
can also have its defect density improved by one figure or more. The gate
electrode 5N5 is made of a film of a 



20   poly-silicon single layer having a low resistance. However, the gate
electrode 5N5 should not be limited to the low-resistance poly-silicon
single film but could be modified in such various manners as to have a
structure in which a silicide film of [err] (or tungsten 25   silicide)
overlies the low-resistance poly-silicon    35 film. On this semiconductor
substrate 2, there is deposited an insulating film 6 which is made of
[err], for example.  This insulating film is formed in 



5   predetermined positions with connection holes 7 which expose the
semiconductor regions 5P1 and 5P2 of the pMOS 5P and the semiconductor
regions 5N1 and 5N2 of the nMOS 5N to the outside. Moreover, the
semiconductor regions 5P1 and 5P2 10   of the pMOS 5P are electrically
connected through the connection holes 7 with electrodes 8P1 and 8P2,
respectively.  Moreover, the semiconductor regions 5N1 and 5N2 of the nMOS
5N are electrically connected through the connection holes 7 with
electrodes 8N1 and 15   8N2, respectively.  The electrodes 8P2 and 8N2 are
formed integrally with a first-layer wiring line 8L. These electrodes 8P1,
8P2, 9N1 and 8N2 and the first- layer wiring line 8L are formed of a metal
film which 



is made of an aluminum [err] (Cu) alloy, for 20   example. On the
insulating film 6, there is deposited a surface protecting film 9 which is
formed by laminating a [err] film (or silicon oxide film) and a silicon
nitride (Si3N4) film sequentially in the 25   recited order from the bottom
so that the electrodes    36 8P1, 8P2, 8N1 and 8N2 and the first-layer
wiring line 8L are coated.  Incidentally, this semiconductor substrate 2 is
sealed with the not-shown package 



resin. 5        Next, there is shown in Fig. 2 a circuit of the case in
which the semiconductor integrated circuit device of the present embodiment
1 is applied to an analog circuit, for example.  Fig. 2 shows a
differential amplifier 10 as the analog circuit. 10        This
differential amplifier 10 is composed of pMOSes 5Pa and 5Pb as load
elements. Input elements nMOSes 5Na and 5Nb have their respective gate
electrodes electrically connected with input terminals IN1 and IN2.  An
nMOS 5Nc is an 15   element for a constant current circuit. The pMOS 5Pa
and nMOS 5Na are connected in series between a supply voltage VDD and the
nMOS 5Na 



composing the constant current circuit. Moreover, the nMOS 5Pb and the nMOS
5Nb are connected in series 20   between the supply voltage VDD and the
nMOS 5Na composing the constant current circuit.  Incidentally, the wiring
line for connecting the pMOS 5Pb and the nMOS 5Nb is electrically connected
with an output terminal OUT. 25        The pMOSes 5Pa and 5Pb have their
gate electrodes    37 electrically connected with each other and with a
wiring line for connecting the pMOS 5Pa and the nMOS 



5Na electrically. Next, a method of manufacturing the semiconductor 5
integrated circuit device of the present embodiment 1 will be described
with reference to Figs. 1 and 3 to 11 . First of all, the semiconductor
substrate body 2S made of a p-type silicon (Si) single crystalline wafer 10
having a specific resistance of 10 [err]cm and a thickness of 500 [err],
for example, is prepared, as shown in Fig. 3.  This semiconductor substrate
body 2S is doped with a p-type impurity of boron in a dosage of 1 x [err]
to 10 x [err] [err], preferably 1.3 x [err] [err], for 15   example.
Subsequently, the semiconductor substrate body 2S 



is formed on its principal plane with an insulating film of [err] by the
thermal oxidation, and an insulating film of [err] is then deposited on the
20   former insulating film by the CVD (Chemical Vapor Deposition) method.
Of those insulating films, moreover, the n-well forming region is removed
by the photolithography and the etching technique to form insulating film
patterns [err] and [err] 25        After this, these insulating film
patterns 11a    38 and 11b are used as the masks to implant the principal 



plane of the semiconductor substrate body 2S with ions of an n-type
impurity such as phosphor.  After this, the semiconductor substrate body 2S
is thermally 5   oxidized to form the well 3a containing the n-type
impurity over the semiconductor substrate body 2S, as shown in Fig. 4.
Incidentally, at this treatment, the exposed portion of the semiconductor
substrate body 2S in the 10   n-well forming region is formed with a thick
insulating film 12 of [err] for example. Next, after the insulating film
patterns 11a and 11b have been removed, the insulating film 12 is used as
the mask to implant the principal plane of the 15   semiconductor substrate
body 2S with the ions of a 



p-type impurity, for example. By thermally treating the semiconductor
substrate body 2S, moreover, the well 3b (or p-well) containing the p-type
impurity is formed adjacent to the aforementioned well 3a over the 20
semiconductor substrate body 2S. Here, the wells 3a and 3b can have their
impurity concentrations set to a level as high as 1 x [err] [err] or more.
In the present embodiment 1, moreover, the punch-through breakdown voltage
between 25   the drain of the MOS FET and the semiconductor    39 



substrate body 2S can be raised even if the wells 3a and 3b are not made so
deep.  Since the wells 3a and 3b can have their impurity concentrations set
to the high level, it is also possible to improve the 5   latch-up
resistance and the soft-error resistance. Subsequently, the semiconductor
substrate body 2S is subjected to the CVD treatment (or the epitaxial
growth) at about 800 to 1,000 C by using monosilane (SiH4) gases and
hydrogen [err] gases, to form the 10   epitaxial layer 2E of the so-called
"non-doped" single crystalline Si, which has a thickness of about 0.3 to
3.0 [err] but contains no impurity, over the principal plane of the
semiconductor substrate body 2S, as shown in Fig. 6.  Thus, there is formed
the semiconductor 



15   substrate 2 in which the epitaxial layer 2E is laminated over the
semiconductor substrate body 2S. After this, as shown in Fig. 7, the
semiconductor substrate 2 is subjected to the LOCOS (Local Oxidation of
Silicon) oxidation to form the field insulating 20   film 4 in the element
isolating region.  Here in the present embodiment 1, the bottom portion of
the field insulating film 4 reaches the upper portion of the semiconductor
substrate body 2S. In the present embodiment 1, however, the 25   impurity
concentrations of the wells 3a and 3b can be    



40 set to the high level to isolate the elements satisfactorily so that the
channel stopper need hardly be formed below the field insulating film 4. As
a result, the step of introducing the impurity 5   for forming the channel
stopper can be reduced to shorten the time period for manufacturing the
semiconductor integrated circuit device.  Moreover, since the parasitic
capacity to be caused by the channel stopper can be eliminated, the action
speed of 10   the semiconductor integrated circuit device can be improved.
Still moreover, although the drain breakdown voltage is regulated by the
superposed portions between the drain end portion and the end 



portion of the channel stopper, this channel stopper 15   can be eliminated
to improve the drain breakdown voltage. Next, as shown in Fig. 8, a
photoresist pattern 13a, as exposes the region of the well 3a, is used as
the mask to implant the epitaxial layer 2E1 over the 20   well 3a with the
ions of an n-type impurity such as phosphor.  The dosage at this time is
about 1 x [err] [err].  Here, the photoresist pattern 13a is formed of a
photoresist film. Subsequently, the photoresist pattern 13a is 25
removed, and the (not-shown) photoresist pattern for   



41 exposing the region of the well 3b is then formed and used as the mask
to implant the epitaxial layer 2E2 over the well 3b with the ions of a
p-type impurity such as boron.  The dosage at this time is about 1 x 5
[err] After this, the semiconductor substrate 2 is subjected to a thermal
treatment to set the impurity concentrations of the epitaxial layers 2E1
and 2E2 to preset values thereby to control the electric 10
characteristics such as the threshold voltage Vth of the MOS FET to be
formed in that region. Here, the epitaxial layers 2E1 and 2E2 are doped 



all over their regions with the impurity. However, the doping should not be
limited thereto, but the 15   impurity may be introduced into only the
channel region of the MOS FET.  Moreover, this impurity introduction may be
done before the LOCOS oxidation for forming the field insulating film 4.
After the semiconductor substrate 2 has been 20   formed thereover with the
(not-shown) photoresist pattern through which the region of the epitaxial
layer 2E1 is exposed, and this photoresist pattern is used as the mask for
implanting the epitaxial layer 2E1 with the ions of an n-type impurity such
as 25   phosphor through the (not-shown) through film.  The  



42 dosage at this time is about 1 x [err] [err]. Subsequently, after the
photoresist pattern has been removed, the (not-shown) photoresist pattern,
through which the region of the epitaxial layer 2E2 is 5   exposed, is
formed and used as the mask to implant the epitaxial layer 2E2 with a
p-type impurity such as boron through the (not-shown) through film.  The
dosage at this time is about 1 x [err] [err]. After this, the semiconductor
substrate 2 is 10   subjected to the thermal treatment to form the punch-
through stoppers 5P3 and 5N3 in the epitaxial layer 



2E, as shown in Fig. 9.  These punch-through stoppers 5P3 and 5N3 have
their depths set to form their maximum peak portions in a position of a
depth of bout 15   0.05 [err] from the principal plane of the epitaxial
layer 2E.  Here, the through film is formed of a silicon oxide film, for
example, by the thermal oxidation or the CVD method. Next, after the
aforementioned through films have 20   been removed, the epitaxial layers
2E1 and 2E2 are formed thereover with the gate insulating films 5P4 and 5N4
by the thermal oxidation or the like. Subsequently, after a conductor film
of low- resistance poly-silicon has been deposited on the 25
semiconductor substrate 2 by the CVD method or the 



43 like, it is patterned by the photolithography or the CVD method to form
the gate electrodes 5P5 and 5N5 over the gate insulating films 5P4 and 5N4,
as shown in Fig. 10. 5        After this, the paired semiconductor regions
5P1, 5P2, 5N1 and 5N2 are formed in self-alignment with the gate electrodes
5P5 and 5N5 by doping impurities of different conduction types into the
epitaxial layers 2E1 and 2E2 by using the gate electrodes 5P5 and 5N5 10
as the different photoresist masks.  Thus, the pMOS 5P 



is formed over the epitaxial layer 2E1, and the nMOS 5N is formed over the
epitaxial layer 2E2. The impurity concentrations of those semiconductor
regions 5P1, 5P2, 5N1 and 5N2 are about 15   0.5 x [err] to 5 x [err]
atoms/cm3, preferably 1 x [err] atoms/cm3.  Moreover, the semiconductor
regions 5P1, 5P2, 5N1 and 5N2 have their bottom portions set deeper than
the punch-through stoppers 5P3 and 5N3 but shallower than the wells 3a and
3b. 20        Next, as shown in Fig. 11, the insulating film 6 of [err] for
example, is deposited over the semiconductor substrate 2 by the CVD method
or the like.  After this, the insulating film 6 is formed with the
connection holes 7 for exposing the 



25   semiconductor regions 5P1, 5P2, 5N1 and 5N2 by the    44
photolithography and the etching technique. Subsequently, there is
deposited on the semiconductor substrate 2 the conductor film of an [err]
alloy by the sputtering method or the 5   evaporation method.  After this,
the conductor film is patterned by the photolithography or the etching
technique, to form the electrodes 8P1, 8P2, 8N1 and 8N2 and the first-layer
wiring line 8L, as shown in Fig. 1. 



10        After this, the SiO2 film and the [err] film are sequentially
laminated in the recited order from the bottom over the semiconductor
substrate 2.  After this, the surface passivation film 9 is partially
formed with bonding pad connection holes to end the 15   manufacture of the
semiconductor integrated circuit device. Thus, the following effects can be
achieved according to the present embodiment 1: (1)  The heavily doped
wells 3a and 3b are overlain by 20   the lightly doped epitaxial layer 2E
having the epitaxial layers 2E1 and 2E2, on which are mounted the pMOS 5P
and the nMOS 5N.  As a result, these pMOS 5P and nMOS 5N can have their
characteristics (e.g., the 



threshold voltage or the substrate effects) accurately 25   set without
being influenced by the impurities in the    45 wells 3a and 3b and the
semiconductor substrate body 2S.  As a result, the pMOS 5P and the nMOS 5N
can have their characteristic fluctuations suppressed to improve the
setting accuracy of the characteristics. 5   (2)  The pMOS 5P and the nMOS
5N are mounted on the lightly doped epitaxial layers 2E1 and 2E2 so that
the junction capacity of the drain can be reduced.  As a result, the pMOS
5P and the nMOS 5N can have their 



tailing characteristics improved to improve the 10   carrier mobility.  As
a result, it is possible to improve the action speed of the semiconductor
integrated circuit device. (3)  The pMOS 5p, the nMOS 5N and so on are
formed in the epitaxial layer 2E.  As a result, it is possible 15   to
reduce the substrate effects and to improve the carrier mobility. (4)  The
heavily doped wells 3a and 3b are overlain by the lightly doped epitaxial
layer 2E, on which are mounted the pMOS 5P and the nMOS 5N.  As a result,
the 20   impurity concentrations of the wells 3a and 3b can be set
substantially independently of the characteristics of the pMOS 5P and the
nMOS 5N so that the impurity 



concentrations of the wells 3a and 3b can be set to higher levels than
those of the prior art. 25   (5)  Thanks to the aforementioned effect (4),
it is    46 possible to improve the latch-up resistance of the CMOS
circuit. (6)  Thanks to the aforementioned effect (5), it is possible to
make the circuit layout design sufficient 5   for the latch-up breakage.
(7)  Thanks to the aforementioned effect (4), it is possible to improve the
soft-error resistance. 



(8)  Thanks to the aforementioned effect (4), it is possible to improve the
punch-through resistance in 10   the semiconductor substrate. (9)  Thanks
to the aforementioned effects (3) and (6), it is possible to facilitate the
circuit design of the semiconductor integrated circuit device. (10)  Thanks
to the aforementioned effect (4), it is 15   possible to make the wells 3a
and 3b shallower than those of the prior art, so that the time period for
thermally treating the wells 3a and 3b can be drastically shortened.  In
case the treating temperature is held constant, for example, the time 20
period can be shortened from six hours in the prior art to about thirty
minutes. 



(11)  Thanks to the aforementioned effect (10), it is possible to
drastically reduce the warp and the crystal defect of the semiconductor
substrate body 2S 25   due to the thermal treatment.    47 (12)  Thanks to
the aforementioned effect (4), no channel stopper need be formed below the
field insulating film 4 so that the step of introducing the impurity for
forming the channel stopper can be 5   eliminated.  This makes it possible
to shorten the time period for manufacturing the semiconductor 



integrated circuit device. (13)  Thanks to the aforementioned effect (4),
no channel stopper need be formed below the field 10   insulating film 4 so
that the step of introducing the impurity for forming the channel stopper
can be eliminated.  This makes it possible to prevent the crystal defect or
the like of the semiconductor substrate body 2S due to the impurity
introduction. 15   (14)  Thanks to the aforementioned effect (4), no
channel stopper need be formed below the field insulating film 4 so that
the parasitic capacity due to the channel stopper can be eliminated.  This
makes it possible to improve the action speed of the 20   semiconductor
integrated circuit device. 



(15)  Thanks to the aforementioned effect (4), no channel stopper need be
formed below the field insulating film 4.  As a result, it is possible to
improve the drain breakdown voltage which is regulated 25   by the
superposed portion between the drain end    48 portion and the end portion
of the channel stopper. (16)  The pMOS 5P, the nMOS 5N and so on are formed
in the lightly doped epitaxial layer 2E so that the junction breakdown
voltage of the drain can be 5   improved. 



(17)  The gate insulating films 5P4 and 5N4 of the pMOS 5P and the nMOS 5N
are formed over the epitaxial layer 2E so that the gate insulating films
5P4 and 5N4 can have their film qualities improved to improve 10   their
breakdown voltages. (18)  The gate insulating films 5P4 and 5N4 of the pMOS
5P and the nMOS 5N are formed over the epitaxial layer 2E so that the gate
insulating-film 5P4 can have its defect density improved (or reduced) by
one figure 15   or more. (19)  The pMOS 5P and the nMOS 5N formed in the
lightly doped epitaxial layer 2E are formed with the punch-through stoppers
5P3 and 5N3, respectively, so that the punch-through breakdown voltages
between the 



20   individual sources-drains of the pMOS 5P and the nMOS 5N can be
improved. (20)  The differential amplifier 10 is constructed of the MOS
FETs having the present structure so that the film qualities of the gate
insulating films of the 25   pMOSes 5Pa and 5Pb and the nMOSes 5Na to 5Nc
composing    49 the differential amplifier 10 can be improved to provide
the differential amplifier 10 having less noises, especially less 1/f
noises. (21)  The differential amplifier 10 is constructed of 



5   the MOS FETs having the present structure so that the sources-drains of
the pMOSes 5Pa and 5Pb and the nMOSes 5Na to 5Nc composing the differential
amplifier 10 have their bottom faces contacting with the epitaxial layer
2E.  As a result, the load capacity 10   can be reduced to increase the
cut-off frequency thereby to improve the high-frequency characteristics of
the differential amplifier 10. (22) The differential amplifier 10 is
constructed of the MOS FETs having the present structure so that the 15
substrate effect can be reduced to determine the threshold voltage uniquely
with the amount of ion implantation by the channel doping.  As a result, it
is possible to reduce the offset voltages of the 



nMOSes 5Na and 5Nb used for the differentiation. 20   (23)  The
differential amplifier 10 is constructed of the MOS FETs having the present
structure so that the sources-drains of the pMOSes 5Pa and 5Pb and the
nMOSes 5Na to 5Nc composing the differential amplifier 10 are formed in the
lightly doped epitaxial layer 2E. 25   As a result, the sub-threshold
coefficient in the low    50 current region can be reduced, that is, the
gradient of the current-voltage characteristics can be increased to effect
the low-voltage actions. 



(24)  The differential amplifier 10 is constructed of 5   the MOS FETs
having the present structure so that the early voltage can be raised by
properly selecting the distance from the boundary between the punch-through
stoppers 5P3 and 5N3 and the gate insulating films 5P4 and 5N4.  As a
result, it is possible to increase the 10   gain of the differential
amplifier 10. (Embodiment 2) Fig. 12 is a section showing an essential
portion of a semiconductor integrated circuit device according to another
embodiment of the present invention. 15        We have specifically
investigated the case in which the structure of the foregoing embodiment 1
is applied to a semiconductor integrated circuit device 



having an electrostatic protection circuit to be added between an
input/output circuit and a power supply, 20   and have found that the
dielectric breakdown voltage of the elements for the electrostatic
protection circuit may drop if the present structure is used. Generally
speaking, the elements for the electrostatic protection circuit are
frequently made 25   of either the MOS FETs or the horizontal bipolar    51
transistors which are parasitically formed below the field insulating film.



In this case, the majority carriers to be produced by the avalanche
phenomenon of the collector/ 5   base junction generate the base current,
to discharge the minority carriers by driving the bipolar transistors. In
case, however, the structure of the foregoing embodiment 1 is applied to a
semiconductor integrated 10   circuit device having the electrostatic
protection circuit, the impurity concentration of the base region in the
elements for the electrostatic protection circuit may have the vertical
direction.  In other words, the impurity concentration may be uneven in the
15   depthwise direction of the semiconductor substrate. Especially the
horizontal bipolar transistor, as 



formed below the MOS FET, never fails to have that distribution. Moreover,
this impurity distribution causes a 20   deviation in the minority carrier
distribution in the base region at the drive time of the bipolar transistor
thereby to invite the current concentration in the collector/base junction
so that the dielectric breakdown voltage in the elements for the 25
electrostatic protection circuit drops.    52 The present embodiment 2
proposes a structure for 



solving that problem.  This structure will be described with reference to
Fig. 12.  In Fig. 12, the righthand side shows an internal circuit region
A, and 5   the lefthand side shows an electrostatic protection circuit
region B. The construction of the internal circuit is similar to that of
the foregoing embodiment 1.  In the present embodiment 2, however, in the
region where the 10   well containing the p-type impurity or boron and the
field insulating film 4 are in contact, there is formed a channel stopper
14.  This channel stopper 14 is doped with a p-type impurity such as boron.
The impurity concentration is exemplified by 1 x [ERR] to 5 15   x [err]
atoms/cm3, preferably 2 x 1017 [err]. 



This is because the p-type impurity of boron may diffuse at the time of
forming the field insulating film 4 so that its concentration may not be
sufficiently retained in that contact region.  In 20   order to compensate
this, the channel stopper 14 is formed.  In the remaining points, the
construction is similar to that of the foregoing embodiment 1. The
electrostatic protection circuit region B is formed with a horizontal npn
bipolar transistor 15a 25   and a horizontal pnp bipolar transistor 15b.
In the    53 



present embodiment 2, the epitaxial layers 2E3 and 2E4 in this
electrostatic protection circuit region B have their impurity
concentrations set to equal to or higher than those of the wells 3a and 3b.
In short, 5   the impurity concentrations of the epitaxial layers 2E3 and
2E4 are set to about 1 x [err] [err] or more. Here, the epitaxial layers
2E3 and 2E4 are formed to have their impurity distributions set as
uniformly 10   as possible in their entirety or their impurity
concentrations raised at their surface portions. As a result, it is
possible to eliminate the regions of the epitaxial layers 2E3 and 2E4,
where the concentrations are locally lower, thereby to eliminate 



15   the deviation of the minority carriers in the base regions 15al and
15bl at the action times of the bipolar transistors 15a and 15b for the
electrostatic protection circuit. As a result, any local current
concentration can 20   be prevented from occurring in the epitaxial layers
2E3 and 2E4 to produce the electric current uniformly in the collector/base
junction so that the electrostatic breakdown voltage can be prevented from
dropping in the bipolar transistors 15a and 15b for 25   the electrostatic
protection circuit.    



54 These epitaxial layers 2E3 and 2E4 have their impurity concentrations
set by the ordinary photolithography technique and ion implantation
technique, for example. 5        Specifically, the semiconductor substrate
2 is formed thereon with the (not-shown) photoresist pattern for exposing
the region of the epitaxial layer 2E3, and this photoresist pattern is then
used as the mask for implanting the epitaxial layer 2E3 with an 10   n-type
impurity such as phosphor through the (not- shown) through film.  The
dosage at this time is exemplified by 1 x [err] [err]. Subsequently, the
photoresist pattern is removed, 



and the (not-shown) photoresist pattern for exposing 15   the region of the
epitaxial layer 2E4 is then formed and used as the mask to implant the
epitaxial layer 2E4 with a p-type impurity such as boron through the
(not-shown) through film.  The dosage at this time is exemplified by 1 x
[err] [err]. 20        After this, the semiconductor substrate 2 is
subjected to a thermal treatment to set the impurity concentrations and
distributions of the epitaxial layers 2E3 and 2E4. Thus, in the present
embodiment 2, the following 25   effects can be attained in addition to the
effects (1)   



55 to (11) and (16) to (24), as obtained in the foregoing embodiment 1.
Specifically, the impurity concentrations of the epitaxial layers 2E3 and
2E4 in the electrostatic 5   protection circuit region B are set equal to
or higher than those of the wells 3a and 3b so that the impurity
distributions in the epitaxial layers 2E3 and 2E4 may be as homogeneous as
possible in their entirety or so that the impurity concentrations of the
epitaxial 10   layers 2E3 and 2E4 may be higher in their surface portions.
As a result, it is possible to eliminate the regions in the epitaxial
layers 2E3 and 2E4, where 



the concentrations are locally lower, thereby to eliminate the deviation of
the minority carriers in 15   the base regions at the action times of the
bipolar transistors 15a and 15b for the electrostatic protection circuit.
As a result, the local current concentration can be prevented from
occurring in the epitaxial layers 2E3 and 2E4, to produce a uniform 20
current flow in the collector/base junction so that the electrostatic
breakdown voltages in the bipolar transistors 15a and 15b for the
electrostatic protection circuit can be prevented from dropping.
(Embodiment.3) 25        Fig. 13 is a section showing an essential portion



56 of a semiconductor integrated circuit device according to still another
embodiment of the present invention. We have specifically investigated the
case in which the structure of the foregoing embodiment 1 is 5   applied to
a semiconductor integrated circuit device having a DRAM (Dynamic RAM
(Random Access Memory)), and have found that the carrier holding
characteristics may drop in the capacity element portion of the DRAM if the
present structure is used. 10        In the case of a memory circuit, the
holding characteristics of the carriers, as latched in the 



capacity element portion, are an important performance index.  These
holding characteristics are substantially determined by the amount of
charge, as 15   stored in the capacity element portion, and the pn junction
leakage current of the memory circuit, but have to be considered for the
so-called "soft-error phenomenon", in which the stored charge disappears
due to the influences of the electron-hole pair to be 20   produced by the
alpha ray emitted to the semiconductor substrate from the radioactive
substance contained in the wiring line and the sealing resin material.
Here, in case the structure of the aforementioned embodiment 1 is applied
to the memory circuit, the 25   junction capacity is small, and there is no
impurity 



57 region of high concentration excepting the wells 3a and 3b.  As a
result, no barrier layer may be for the carriers produced in the wells 3a
and 3b by the alpha ray, thereby to lower the holding characteristics. 5
The present embodiment 3 proposes a structure for solving that problem.
This structure will be described with reference to Fig. 13.  In Fig. 13,
the righthand side shows the internal circuit region A, and the lefthand
side shows a memory cell array M. 10        The construction of the
internal circuit is 



similar to that of the foregoing embodiment 1.  In the present embodiment
3, however, for the same reason as that of the foregoing embodiment 2, the
channel stopper 14 is formed in the region in which the well 15   3b
containing the p-type impurity such as boron and the field insulating film
4 are in contact. The remaining construction is identical to that of the
foregoing embodiment 1. The memory cell array M is arranged with a 20
plurality of memory cells MC. Each of these memory cells MC of the DRAM is
composed of a transfer MOS FET 16 and a capacitor (or capacity element) 17.
The transfer MOS FET 1 is composed of the following components: a pair of
semiconductor regions 



25   16N1 and 16N2 formed over the epitaxial layer 2E and    58 spaced from
each other; a gate insulating film 16N3 formed over the epitaxial layer 2E;
and a gate electrode 16N4 formed over the gate insulating film 16N3. 5
The semiconductor regions 16N1 and 16N2 are regions forming the
source/drain regions of the transfer MOS FET 16 and are doped with an
n-type impurity such as phosphor or arsenic. The impurity concentrations of
the semiconductor 



10   regions 16N1 and 16N2 are exemplified by 1 x [err] to 5 x [err]
atoms/cm3, preferably 3 x [err] [err].  The semiconductor regions 16N1 and
16N2 have their depths set to fall within the  range of the thickness of
the epitaxial layer 2E.  In the memory cells of the DRAM, 15   the
source/drain concentration is lower than that of the MOSFETs composing the
peripheral circuits. One semiconductor region 16N1 is electrically
connected with a data line 8DL through the connection hole 7 which is
formed in the insulating film 6.  The 20   data line 8D1 is made of an
[err] alloy, for example, and is formed simultaneously with the first-
layer wiring line 8L and so on. The other semiconductor region 16N2 is 



electrically connected with the capacitor 17.  This 25   capacitor 17 is
composed of the following components:    59 a lower electrode 17a
electrically connected with one semiconductor region 16N2 of the transfer
MOS FET 16; a capacitative insulating film 17b formed over the lower
electrode 17a; and an upper electrode 17c formed 5   over the capacitative
insulating film 17b. The lower electrode 17a is formed of a conductor film
of low-resistance poly-silicon or tungsten silicide [err].  The
capacitative insulating film 17b 



is formed of an insulating film of [err] or tantalum 10   oxide [err]
Moreover, the upper electrode 17c is formed of a conductor film of
low-resistance poly- silicon or [err]. Incidentally, in the present
embodiment 3, the epitaxial layers 2E5 and 2E6 in this memory cell MC 15
have their impurity concentrations set equal to or higher than those of the
wells 3a and 3b. Specifically, the impurity concentrations of the epitaxial
layers 2E5 and 2E6 are set to 1 x [err] [err] or more. 20        As a
result, it is possible to increase the junction capacity of the epitaxial
layers 2E5 and 2E6 between the semiconductor regions 16N1 and 16N2 and 



the epitaxial layers 2E5 and 2E6 and to form the barrier layer for prevent
the carriers produced due to 25   the electron-hole pairs by the alpha ray
from invading    60 the capacitor 17.  As a result, the memory holding
characteristics from dropping even in case the structure of the foregoing
embodiment 1 is applied to the semiconductor integrated circuit device
having the 5   DRAM.  Specifically, the barrier layer for reducing the
invasion of the carriers, which are produced due to the electron-hole pairs
by the alpha ray, from the 



well 3b into the epitaxial layers 2E5 and 2E6 can be established by the
well 3b and the epitaxial layers 10   2E5 and 2E6. These epitaxial layers
2E5 and 2E6 have their impurity concentrations set by the ordinary
photolithography technique and the ion implantation technique, for example,
after the gate insulating 15   films 5P4, 5N4 and the 16N3 have been
formed. Specifically, the semiconductor substrate 2 is formed thereon at
first with the (not-shown) photoresist pattern for exposing the epitaxial
layers 2E5 and 2E6 in the memory cell array M.  After this, 20   the
photoresist pattern is used as the mask for implanting the epitaxial layers
2E5 and 2E6 with the 



ions of an n-type impurity such as phosphor through the (not-shown) through
film.  The dosage at this time is exemplified by 1 x 1013 [err].  After
this, the 25   semiconductor substrate 2 is subjected to a thermal    61
treatment to set the impurity concentrations and distributions of the
epitaxial layers 2E3 and 2E4. Thus, in the present embodiment 3, the
following effects can be achieved in addition to the effects (1) 5   to
(11) and (16) to (24), as obtained in the foregoing embodiment 1. 



Specifically, the impurity concentrations of the epitaxial layers 2E5 and
2E6 in the memory cell array M are set equal to or higher than those of the
wells 10   3a and 3b so that the junction capacity in the epitaxial layers
2E5 and 2E6 can be increased while forming the barrier layer for preventing
the carriers, which are produced due to the electron-hole pairs by the
alpha ray, from invading the capacitor 17.  As a 15   result, it is
possible to prevent the reduction of the memory holding characteristics of
the semiconductor integrated circuit device having the DRAM. (Embodiment 4)
Fig. 14 is a section showing an essential portion 20   of a semiconductor
integrated circuit device according 



to a further embodiment of the present invention. The semiconductor
integrated circuit device of the present embodiment 4 is exemplified by a
semiconductor integrated circuit device having the 25   same DRAM as that
of the foregoing embodiment 3.  In    62 the present embodiment 4, however,
in the epitaxial layers 2E5 and 2E6 of the memory cell array M, only the
layer below the semiconductor region 16N2 to be connected with the
capacitor 17 and its neighborhood 5   have their impurity concentrations
set equal to or 



higher than those of the wells 3a and 3b, as shown in Fig. 14. Moreover,
the layer below the semiconductor region 16N1 to be connected with the data
line 8DL and 10   its neighborhood have their impurity concentrations set
to levels as low as those of the foregoing embodiment 1, and the lightly
doped region is formed as in the foregoing embodiment 1 with a
punch-through stopper (or an eighth region) 16N5.  The remaining 15
construction is similar to that of the foregoing embodiment 3.
Specifically, the layer below the semiconductor region 16N1 and its
neighborhood have their impurity concentrations set, over and below the
punch-through stopper 16N5, to levels as low as those 



20   of the embodiment 1. As a result, in the present embodiment 4, the
effects of the foregoing embodiment 4 can be attained without increasing
the load capacity of the data line 8DL.  Specifically, it is possible to
prevent both the 25   reductions of the data transfer rate and the memory
63 holding characteristics of the semiconductor integrated circuit device
having the DRAM. (Embodiment 5) Fig. 15 is a section showing an essential
portion 



5   of a semiconductor integrated circuit device according to a further
embodiment of the present invention. The present embodiment 5 will be
described in connection with the case in which the structure of the
foregoing embodiment 1 is applied to a semiconductor 10   integrated
circuit device having a SRAM (Static RAM). In this case, too, there arises
a problem similar to that of the foregoing embodiment 3.  Specifically, the
problem is the reduction in the memory holding characteristics.  The
present embodiment 5 proposes a 15   structure for solving the problem, as
will be described with reference to Fig. 15.  In Fig. 15, the righthand
side shows the internal circuit region A, and the lefthand side shows the
memory cell array M. 



The construction of the internal circuit is 20   similar to that of the
foregoing embodiment 1.  In the present embodiment 5, however, for the same
reason as that of the foregoing embodiment 2, the channel stopper 14 is
formed in the region in which the well containing the p-type impurity of
boron and the field 25   insulating film 4 are in contact with each other.
The    64 remaining construction is identical to that of the foregoing
embodiment 1. The memory cell array M is arranged with a 



transfer MOS FET 18 and a driver MOS FET 19.  Each 5   memory cell of the
SRAM is composed of a pair of driver MOS FETs 19, a pair of transfer MOS
FETs 18, and a pair of load elements. The paired driver MOS FETs are
cross-connected. The transfer MOS FET 18 is composed of the 10   following
components: a pair of semiconductor regions 18N1 and 18N2-formed over the
epitaxial layer 2E and spaced from each other; a gate insulating film 18N3
formed over the epitaxial layer 2E; and a gate electrode formed over the
gate insulating film 18N3. 15        The semiconductor regions 18N1 and
18N2 are regions for forming the source/drain regions of the transfer MOS
FET 18 and are doped with an n-type 



impurity such as phosphor or arsenic. The impurity concentrations of the
semiconductor 20   regions 18N1 and 18N2 are exemplified by 0.5 x [err] to
5 x [err] atoms/cm3, preferably 1 x [err] [err].  The semiconductor regions
5N1 and 5N2 have their depths set to fall within the range of the thickness
of the epitaxial layer 2E. 25        One semiconductor region 18N1 of the
transfer    65 MOS FET 18 is electrically connected with the data line 8DL
through the connection hole 7 which is formed 



in the insulating film 6.  The other semiconductor region 18N2 of the
transfer MOS FET 18 is electrically 5   connected with a gate electrode
19N1 of the driver MOS FET 19 through a connection hole 7a.  Like the
semiconductor regions 18N1 and 18N2 of the transfer MOS FET 18, the
(not-shown) semiconductor regions forming the source/drain regions of the
driver MOS FET 10   19 are formed in the epitaxial layers 2E5 and 2E6. In
the present embodiment 5, the impurity concentrations of the epitaxial
layers 2E5 and 2E6 in the memory cell array M are set equal to or higher
than those of the wells 3a and 3b.  Specifically, the 15   impurity
concentrations of the epitaxial layers 2E5 and 2E6 are exemplified by 1 x
[err] [err] or 



higher. As a result, it is possible to increase the junction capacity in
the epitaxial layers 2E5 and 2E6 20   between the drain region of the
driver MOS FET 19 and the epitaxial layers 2E5 and 2E6 and to form a
barrier layer for preventing the carriers produced due to the electron-hole
pairs by the alpha ray, as in the foregoing embodiment 3, from invading the
data holding 25   portion.  Thus, it is possible to prevent the    66
reduction in the memory holding characteristics of the 



semiconductor integrated circuit device having the SRAM. Incidentally, the
impurity concentrations of the 5   epitaxial layers 2E5 and 2E6 are set as
in the foregoing embodiment 3 by the ordinary photo lithography technique
and the ion implantation technique, for example, after the gate insulating
films 5P4, 5N4, 18N3 and 19N2 have been formed. 10        Thus, according
to the present embodiment 5, the following effects can be achieved in
addition to the effects (1) to (11) and (16) to (24), as obtained in the
foregoing embodiment 1. Specifically, the impurity concentrations of the 15
epitaxial layers 2E5 and 2E6 in the memory cell array 



M are set equal to or higher than those of the wells 3a and 3b so that the
junction capacity in the epitaxial layers 2E5 and 2E6 can be increased
while forming the barrier layer for preventing the carriers, 20   which are
produced due to the electron-hole pairs by the alpha ray, from invading the
information holding portion.  As a result, it is possible to prevent the
reduction of the memory holding characteristics. (Embodiment 6) 25
Fig. 16 is a section showing an essential portion    67 



of a semiconductor integrated circuit device according to a further
embodiment of the present invention. The semiconductor integrated circuit
device of the present embodiment 6 is a semiconductor integrated 5
circuit device having the SRAM as in the foregoing embodiment 5. In the
present embodiment 6, however, in the epitaxial layers 2E5 and 2E6 of the
memory cell array M, only the layers below the region to be formed with 10
the driver MOS FET 19 and the semiconductor region 18N2 to be connected
with the gate electrode 19N1 of the driver MOS FET 19, and their
neighborhoods have their impurity concentrations set equal to or higher
than those of the wells 3a and 3b, as shown in Fig. 



15   16. Of the semiconductor regions 18N1 and 18N2 of the transfer MOS FET
18, moreover, the layer below the semiconductor region 18N1 to be connected
with the data line 8DL and its neighborhood have their impurity 20
concentrations set to levels as low as those of the foregoing embodiment 1,
and the lightly doped region is formed as in the foregoing embodiment 1
with a punch-through stopper 18N5.  The remaining construction is similar
to that of the foregoing 25   embodiment 5.  Specifically, the layer below
the    



68 semiconductor region 18N1 and its neighborhood have their impurity
concentrations set, over and below the punch-through stopper 18N5, to
levels as low as those of the embodiment 1. 5        As a result, in the
present embodiment 6, the effects of the foregoing embodiment 5 can be
attained without increasing the load capacity of the data line 8DL.
Specifically, it is possible to prevent both the reductions of the data
transfer rate and the memory 10   holding characteristics of the
semiconductor integrated circuit device having the SRAM. (Embodiment 7)
Fig. 17 is a section showing an essential portion 



of a semiconductor integrated circuit device according 15   to a further
embodiment of the present invention. The present embodiment 7 will be
described in connection with the case in which the present invention is
applied to a semiconductor integrated circuit device having an EEPROM
(Electrically Erasable 20   Programmable ROM). In Fig. 17, the righthand
side shows the internal circuit region A, and the lefthand side shows the
memory cell array M. The construction of the internal circuit is 25
similar to that of the foregoing embodiment 1.  In the   



69 present embodiment 7, too, the channel stopper 14 is formed for the same
reason as that of the foregoing embodiment 2 in the region in which the
well 3b containing the p-type impurity of boron and the field 5
insulating film 4 are in contact.  The remaining construction is identical
to that of the foregoing embodiment 1. The memory cell array M is arranged
with a plurality of memory cells MC1.  The memory cell MC1 of 10   this
case is composed of the following components. Specifically, the components
are: a pair of semiconductor regions 20N1 and 20N2 formed over the 



epitaxial layer 2E and spaced from each other; a gate insulating film 20N3
formed over the epitaxial layer 15   2E; a floating gate electrode 20N4
formed over the gate insulating film 20N3; an insulating film 20N5 formed
over the floating gate electrode 20N4; and a control gate electrode 20N6
formed over the insulating film 20N5. 20        The semiconductor regions
20N1 and 20N2 are doped with an n-type impurity of phosphor or arsenic.
The impurity concentrations of the semiconductor regions 20N1 and 20N2 are
preferably exemplified by 1 x [err] atoms/cm3. 25        The semiconductor
regions 20N1 and 20N2 are made  



70 so deep as to fall within the range of the thickness of the epitaxial
layer 2E.  One semiconductor region 20N1 is electrically formed with the
data line 8DL through the connection hole 7 which is formed in the 5
insulating film 6. The floating gate electrode 20N4 is an electrode for
storing the charge to contribute to the storage of information.  The
control gate electrode 20N6 is an electrode for controlling storage and
discharge of the 10   charge to contribute to the information storage.
Both the floating gate electrode 20N4 and the control gate 



electrode 20N6 are made of low-resistance poly- silicon. Here in the
present embodiment 7, the epitaxial 15   layers 2E5 and 2E6 in the memory
cell array M have their impurity concentrations set equal to or higher than
those of the wells 3a and 3b.  Specifically, the impurity concentrations of
the epitaxial layers 2E5 and 2E6 are set to 1 x [err] [err] or more. 20
Incidentally, the impurity concentrations of the epitaxial layers 2E5 and
2E6 are set by the ordinary photolithography technique and the ion
implantation technique, for example, after the gate insulating films 5P4,
5N4, 18N3 and 19N2 have been formed as in 25   the foregoing embodiment 3. 



71 Since the impurity concentrations of the epitaxial layers 2E5 and 2E6 in
the memory cell array M are set equal to or higher than those of the wells
3a and 3b, it is possible to increase the junction 5   capacity in the
epitaxial layers 2E5 and 2E6. (Embodiment 8) Fig. 18 is a section showing
an essential portion of a semiconductor integrated circuit device according
to a further embodiment of the present invention, and 10   Figs. 19 to 23
are sections showing an essential 



portion of the semiconductor integrated circuit device of Fig. 18 at
manufacture steps. In the present embodiment 8, the element isolating
portion has a channel structure, as shown in 15   Fig. 18.  The remaining
construction is similar to that of the foregoing embodiment 1. An element
isolating portion 21 is formed by burying insulating films 21b and 21c in a
channel 21a which is formed to reach the wells 3a and 3b of the 20
semiconductor substrate 2.  The insulating film 21b, as formed on the
surface of the channel 21a, is made of [err], for example, by the thermal
oxidation method or the like.  The insulating film 21b has a thickness of
about 1,000 angstroms. 



25        The reason why this insulating film 21b is formed    72 by the
thermal oxidation method is as follows. Specifically, the surface of the
channel 21a is a portion to come into direct contact with the semiconductor
substrate body 2S and the junction of 5   the wells 3a and 3b and exerts
serious influences upon the element characteristics.  In order to protect
that portion, therefore, the insulating film 21b is formed by the thermal
oxidation method for providing an excellent film quality. 



10        On the other hand, the other insulating film 21c in the channel
21a is made of [err] for example, by the SOG (Spin On Glass) method or the
like. Incidentally, the method of forming the insulating film 21c should
not be limited to the SOG method but may be 15   exemplified by the CVD
method. Next, the process for manufacturing the semiconductor integrated
circuit device of the present embodiment 8 will be described with reference
to Figs. 18 to 23. 20        First of all, as shown in Fig. 19, the
epitaxial layer 2E of the semiconductor substrate 2 is formed thereover
with a photoresist pattern 13b for exposing the element isolating region by
the photolithography 



technique.  At this stage, no impurity is contained in 25   the epitaxial
layer 2E.  Moreover, the semiconductor    73 substrate body 2S is formed
thereover with the wells 3a and 3b. Subsequently, this photoresist pattern
13b is used as the etching mask to etch off the epitaxial 5   layer 2E and
the upper portions of the semiconductor substrate body 2S, as exposed from
the photoresist pattern 13b, by the dry-etching method, for example,
thereby to form the channel 21a in the element 



isolating region, as shown in Fig. 20. 10        After this, the
semiconductor substrate 2 is subjected to the thermal oxidation treatment,
for example, to form the insulating film 21b of [err] having a thickness of
about 1,000 angstroms over the principal plane of the semiconductor
substrate 2 15   formed with the channel 21a, as shown in Fig. 21. After
this, the insulating film 21c made of [err] for example, is deposited on
the insulating film 21b by the SOG method or the like, as shown in Fig. 22.
After this, the insulating film 21c has its upper 20   portion so removed
to flatten the upper surface of the semiconductor substrate 2, as shown in
Fig. 23, by the etch-back method or the CMP (Chemical Mechanical 



Polishing) method that it may be left only in the channel 21a.
Incidentally, the subsequent steps will 25   not be described because they
are similar to those of    74 the foregoing embodiment 1. Thus, according
to the present embodiment 8, the following effects can be achieved in
addition to those obtained in the foregoing embodiment 1. 5   (1)  Thanks
to the channel structure, the element isolating portion 21 can be easily
formed even if the epitaxial layer 2E is thick. 



(2)  Thanks to the channel structure, the element isolating portion 21 can
be formed without enlarging 10   its occupation area so that the degree of
integration of the elements can be improved. (3)  Thanks to the channel
structure of the element isolating portion 21, the chip size can be made
smaller for the same number of elements than that of 15   the case in which
the element isolating portion is formed of a field insulating film. (4)
Since the channel 21a forming the element isolating portion 21 is formed on
its surface with the insulating film 21b by the thermal oxidation method,
20   the epitaxial layer 2E in the channel 21a, the semiconductor substrate
body 2S and the junction of 



the adjoining wells 3a and 3b can be satisfactorily protected to improve
the reliability and production yield of the semiconductor integrated
circuit device 25   1.    75 (5)  Thanks to the channel structure of the
element isolating portion 21, the flatness of the upper surface of the
semiconductor substrate 2 can be drastically improved to improve the
transfer accuracy 5   of the wiring pattern thereover and the wiring
reliability. As a result, it is possible to improve 



the reliability and the production yield of the semiconductor integrated
circuit device 1. (Embodiment 9) 10        Fig. 24 is a section showing an
essential portion of a semiconductor integrated circuit device according to
a further embodiment of the present invention. In the present embodiment 9,
as shown in Fig. 24, the element isolating portion 21 is formed of a field
15   insulating film (or second oxide film), and two semiconductor regions
21e and 21f of different conduction types formed below the field insulating
film 21d and adjacent to each other.  The remaining construction is similar
to that of the foregoing 20   embodiment 1. 



These semiconductor regions 21e and 21f are extended from the lower face of
the field insulating film 21d to the upper portions of the wells 3a and 3b.
The semiconductor region (or third region) 21e 25   over the well 3a is
doped with an impurity of the same    76 conduction type as that of the
impurity contained in the well 3a such as an n-type impurity of phosphor.
On the other hand, the semiconductor region (or fourth region) 21f over the
well 3b is doped with an 5   impurity of the same conduction type as that
of the 



impurity contained in the well 3b such as a p-type impurity of boron. Such
element isolating portion 21 is formed by the following manner. First of
all, the regions for 10   individually forming the semiconductor regions
21e and 21f are doped with individual impurities for the element isolations
by using the (not-shown) different photoresist patterns as the masks.
Subsequently, the semiconductor substrate 2 is 15   formed thereover with
the(not-shown) pad film of [err], for example, by the thermal oxidation
method or the like, and this pad film is formed thereover with the
(not-shown) oxidation-resistant insulating film of [err], for example. 



20        After this, of the pad film and the oxidation- resistant
insulating film, the portions of the element isolating regions are removed
by the dry-etching method or the like to expose the epitaxial layer 2E.
After this, the semiconductor substrate 2 is subjected 25   to the LOCOS
oxidizing treatment to form the field    77 insulating film 21d and the two
semiconductor regions 21e and 21f below the former. Thus, according to the
present embodiment 9, the following effects can be achieved in addition to
the 



5   effects (1) to (11) and (16) to (24), as obtained by the foregoing
embodiment 1. Specifically, the element isolating portion 21 is formed of
the field insulating film 21d and the two semiconductor regions 21e and 21f
of different 10   conduction types formed below the field insulating film
21d and adjacent to each other.  As a result, the element isolating portion
21 can be easily formed even if the epitaxial layer 2E is thick.
(Embodiment 10) 15        Fig. 25 is a section showing an essential portion
of a semiconductor integrated circuit device according to a further
embodiment of the present invention. In the present embodiment 10, as shown
in Fig. 



25, the element isolating portion 21 is formed of two 20   semiconductor
regions of different conduction types arranged adjacent to each other.
These two semiconductor regions 21g and 21h are extended to reach from the
principal plane of the epitaxial layer 2E to the upper portions of the
wells 25   3a and 3b.    78 The semiconductor region (or fifth region) 21g
over the well 3a is doped with an impurity of the same conduction type as
that of the impurity contained in 



the well 3a, such as an n-type impurity of phosphor. 5   On the other hand,
the semiconductor region (or sixth region) 21h over the well 3b is coped
with an impurity of the same conduction type as that of the impurity
contained in the well 3b, such as a p-type impurity of boron. 10
Such element isolating portion 21 may be formed, for example, by doping the
regions for individually forming the semiconductor regions 21g and 21h with
the individual element isolating impurities by the (not- shown) separate
photoresist patterns and then by 15 treating the semiconductor substrate 2
thermally. In the present embodiment 10, moreover, the epitaxial layer 2E
has its upper surface coated with 



an insulating film 22 which is formed by the thermal oxidation method or
the like. As a result, it is 20 possible to protect the epitaxial layer 2E
and the junction of the adjacent semiconductor regions 21g and 21h. Thus,
according to the present embodiment 10, the following effects can be
achieved in addition to the 25 effects (1) to (11) and (16) to (24), as
obtained by    79 the foregoing embodiment 1. (1)  Since the element
isolating portion 21 is formed 



of the semiconductor regions 21g and 21h, the flatness of the upper surface
of the semiconductor substrate 2 5 can be drastically improved to improve
the transfer accuracy of the wiring pattern over the semiconductor
substrate 2 and accordingly the wiring reliability. As a result, it is
possible to improve the reliability and production yield of the
semiconductor integrated 10. circuit device. (2) Since the epitaxial layer
2E has its upper surface coated with the insulating film 22 which is formed
by the thermal oxidation method, the epitaxial layer 2E and the junction of
the semiconductor regions 15   21g and 21h can be satisfactorily protected
to improve the reliability and production yield of the 



semiconductor integrated circuit device. (Embodiment 11) Figs. 26 to 29 are
sections showing an essential 20   portion of a semiconductor integrated
circuit device at manufacture steps according to a further embodiment of
the present invention. The present embodiment 11 is a modification of the
well forming method, as described in the foregoing 25   embodiment 1 and so
on.  The process for manufacturing    80 the semiconductor integrated
circuit device of the 



present embodiment .11 will be described with reference to Figs. 26 to 29.
Fig. 26 is a section showing an essential portion 5   of the semiconductor
substrate 2 in the semiconductor integrated circuit device manufacturing
process of the present embodiment 11.  Over the semiconductor substrate
body 2S, there has already been formed the non-doped epitaxial layer 2E by
the same method as 10   that of the foregoing embodiment 1. Over the
epitaxial layer 2E, moreover, there is formed a photoresist pattern 13c for
exposing only one well forming region to the outside.  This photoresist
pattern 13c is given a thickness of about 2 pm to 3 15   pm. 



First of all, this semiconductor substrate 2 is implanted with ions of an
n-type impurity of phosphor, for example, by a high energy by using the
photoresist pattern 13c as the etching pattern. 20        The ion
implanting energy at this time is as high as to bring the n-type impurity
ions to the upper portion of the semiconductor substrate body 2S, such as
300 KeV to 800 KeV, preferably about 450 KeV. Moreover, the dosage at this
time is exemplified by 1 25   x [err] to 3 x [err] ions/cm2, preferably 1.5
x [err] ions/    81 



[err] Subsequently, the photoresist pattern 13c is removed, and a
photoresist pattern 13d for exposing only the other well forming region is
formed, as shown 5   in Fig. 27.  After this, this photoresist pattern 13d
is used as the mask to implant the semiconductor substrate 2 with the ions
of a p-type impurity of boron, for example, by a high energy. The ion
implanting energy at this time is as high 10   as to bring the p-type
impurity ions to the upper portion of the semiconductor substrate body 2S,
such as 150 KeV to 500 KeV, preferably about 200 KeV. Moreover, the dosage
at this time is exemplified by 1 X [err] to 3 x [err] ions/cm2, preferably
1.5 x [err] 



15  [err]. After this, the semiconductor substrate 2 is subjected to a
thermal treatment to form the wells 3a and 3b in the upper portion of the
semiconductor substrate body 2S and in the lower portion of the 20
epitaxial layer 2E, as shown in Fig. 28. After this, the field insulating
film 4 is formed in the element isolating region as in the foregoing
embodiment 1 by the LOCOS oxidation method or the like, as shown in Fig.
29. The subsequent steps will 25   not be described because they are
similar to those of    



82 the foregoing embodiment 1. Thus, the present embodiment 11 can achieve
effects similar to those of the foregoing embodiment 1. 5
(Embodiment 12) Figs. 30 to 33 are sections showing an essential portion of
a semiconductor integrated circuit device at manufacture steps according to
a further embodiment of the present invention. 10        The present
embodiment 12 is a modification of the punch-through stopper forming
method, as described in the foregoing embodiment 1 and so on.  The process
for manufacturing the semiconductor integrated circuit 



device of the present embodiment 12 will be described 15   with reference
to Figs. 30 to 33. However, the present embodiment 12 can be applied to the
case, in which there is no well having the conduction type opposite to that
of the semiconductor substrate body, that is, to the process for 20
manufacturing the semiconductor integrated circuit device having MOS FETs
of either an n-channel or p-channel type. Fig. 30 is a section showing an
essential portion of the semiconductor substrate body 2S in the process 25
for manufacturing the semiconductor integrated circuit   



83 device of the present embodiment 12.  Over the semiconductor substrate
body 2S, there has already been formed a non-doped epitaxial layer 2Ea by
the same method as that of the foregoing embodiment 1. 5        First of
all, over the epitaxial layer 2Ea, as shown in Fig. 31, there is grown an
epitaxial layer 2Eb, as is made of single crystalline Si doped with a
p-type impurity of boron, by the CVD method (or epitaxial method).  This
epitaxial layer 2Eb is used 10   as the punch-through stopper.
Subsequently, over the epitaxial layer 2Ea, as shown in Fig. 32, there is
continuously grown an 



epitaxial layer 2Ec which is made of non-doped single crystalline Si. 15
After this, like the foregoing embodiment 1, the element isolating region
is formed with the field insulating film,4, for example, by the LOCOS
oxidation method, as shown in Fig. 33.  At the subsequent steps, a
predetermined semiconductor integrated circuit 20   device may be
manufactured according to the ordinary MOSFET manufacture process. Thus,
according to the present embodiment 12, the following effects can be
achieved in addition to those of the foregoing embodiment 1. 25
Specifically, the impurity introducing step for  



84 forming the punch-through stopper can be eliminated by forming the
punch-through stopper by the epitaxial growth.  As a result, the control
for the impurity introduction can be eliminated to facilitate the 5
manufacture of the semiconductor integrated circuit device. (Embodiment 13)
Figs. 34 to 40 are sections showing an essential portion of a semiconductor
integrated circuit device 10   at manufacture steps according to a further
embodiment of the present invention. 



In connection with the present embodiment 13, one example of the well
forming method will be described with reference to Figs. 34 to 40. 15
First of all, as shown in Fig. 34, the semiconductor substrate body 2S has
its principal plane formed thereover by the thermal oxidation method or the
like with an insulating film of [err] or the like, on which is deposited an
insulating film of [err] 20   or the like by the CVD method or the like.
Of this insulating film, moreover, the n-well forming region is removed by
the photolithography technique and the etching technique to form the
insulating film patterns 11a and 11b.  Incidentally, the semiconductor 25
substrate body 2S is identical to that of the 



85 foregoing embodiment 1. Subsequently, those insulating film patterns 11a
and 11b are used as the masks to implant the principal plane of the
semiconductor substrate body 2S with the 5   ions of an n-type impurity as
the n-well forming impurity.  The acceleration voltage at this time is
exemplified by about 120 KeV, and the dosage is exemplified by about 1 x
1013 ions/cm2.  Incidentally, reference characters 3al indicates the region
which is 10   implanted with the n-well forming impurity. 



After this, the portion, as exposed from the insulating film patterns 11a
and 11b, is formed with the insulating film 12, as shown in Fig. 35, by
thermally oxidizing the semiconductor substrate body 15   2S.  Here, this
thermal oxidation is done under such conditions (e.g., temperature or time
period) that the well forming n-type impurity introduced into the
semiconductor substrate body 2S may not diffuse. Subsequently, the
insulating film pattern 11b is 20   removed, and the insulating film 12 is
then used as the mask to implant the principal plane of the semiconductor
substrate body 2S with the ions of the p-well forming impurity such as the
p-type impurity of boron or boron fluoride (BF2), as shown in Fig. 36.  At 



25   this time, the acceleration voltage is exemplified by    86 about 60
KeV, and the dosage is exemplified by about 8 x [err] [err].  Incidentally,
reference characters 3b1 indicates the region which is implanted with the
p-well forming impurity. 5        Subsequently, the insulating film pattern
11a and the insulating film 12 are removed, as shown in Fig. 37, and the
semiconductor substrate body 2S is then subjected to a thermal treatment.
However, the thermal treatment at this time is intended primarily 



10   to recover the damage due to the implantation of the ions of the well
forming impurity.  Hence, this thermal treatment is so deep that the well
forming impurity will not substantially diffuse, namely, that the impurity
will not appear in the surface portion of 15   the semiconductor substrate
body 2S. Considering this, the treating conditions are as follows, although
they cannot be generally specified because they are different depending
upon the products or the like.  That is: the treating temperature is 20
exemplified by [err] to [err]; the treating time period is exemplified by
10 min. to 60 min.; and the treating atmosphere is preferably exemplified
by one containing a small quantity of [err] gases. 



As described above, the semiconductor substrate 25   body 2S is subjected
to the thermal treatment before    87 its principal plane is formed with
the epitaxial layer.  As a result, the crystal defect in the surface layer
of the semiconductor substrate body 2S due to the ion implantation of the
well forming impurity can 5   be reduced to recover the damage so that the
epitaxial layer of excellent crystallizability can be formed over the
principal plane of the semiconductor substrate body 2S. 



After this, the semiconductor substrate body 2S 10   is subjected to the
CVD treatment (or the epitaxial growth treatment) or the like at [err] to
[err] by using the SiH4 gases and the [err] gases, for example, to form the
epitaxial layer 2E of the non-doped single crystalline Si, for example,
over the principal plane 15   of the semiconductor substrate body 2S, as
shown in Fig. 38.  Thus, there is formed the semiconductor substrate 2 in
which the epitaxial layer 2E is laminated over the semiconductor substrate
body 2S. This epitaxial layer 2E is given a thickness of 20   about 0.3
[err] to 3.0 [err] and a specific resistance of about 200 to 500 [err]  It
is sufficient that the impurity concentration of the epitaxial layer 2E is 



lower than that of the wells. Next, the semiconductor substrate 2 thus
formed 25   is rinsed with an HF liquid or the like.  After this,    88 the
semiconductor substrate 2 is subjected to a thermal oxidation treatment,
for example, to form a capping insulating film 23 of [err], for example,
over the epitaxial layer 2E, as shown in Fig. 39. 5        However, the
thermal oxidation at this time is done under such treating conditions that
the well forming n-type, as introduced into the semiconductor 



substrate body 2S, will not diffuse.  In this case, too, the treating
conditions are as follows, although 10   they cannot be generally specified
because they are difference according to the design conditions.
Specifically, the treating temperature is exemplified by [err] to [err],
and the treating time period is exemplified by about 20 min. 15        This
capping insulating film 23 is one for preventing the impurities in the well
forming doped regions 3a1 and 3b1 and so on from diffusing at the
later-described well diffusion step from the semiconductor substrate 2 into
the diffusion furnace 20   to dope the epitaxial layer 2E (as called the
"auto-doping phenomenon"). 



Thanks to the capping insulating film 23, it is possible to suppress the
diffusion (as called the "out-diffusion phenomenon") of the impurities of
the 25   well forming doped regions 3a1 and 3b1 at the well    89 diffusion
step and to prevent the epitaxial layer 2E from being doped by the
impurities having diffused. As a result, the impurity concentration setting
accuracy of the epitaxial layer 2E can be improved to 5   improve the
setting accuracy of the resistivity or the like in the epitaxial layer 2E. 



However, the method of forming the capping insulating film 23 should not be
limited to the thermal oxidation but can be modified in various 10
manners such as the low-pressure CVD method or the plasma CVD method.  In
these cases, the treating temperature can be lower than that of the case of
the thermal oxidation.  In case the low-pressure CVD method is used, for
example, the treating temperature 15   can be lowered to about [err] for
example. Subsequently, the semiconductor substrate 2 is subjected to the
thermal diffusion to form the n-type well 3a and the p-type well 3b, as
shown in Fig. 40. At this thermal diffusion, however, the well forming 20
impurities are caused to diffuse into the epitaxial 



layer 2E such that the lightly doped epitaxial layer 2E having a thickness
of about 0.3 pm is left in the surface layer. Considering this, the
treating conditions cannot 25   be generally specified but as follows,
although they    90 are different depending upon the product designing
conditions such as the thickness of the epitaxial layer, the depth of the
well diffusion layer, the boundary of the adjoining well and the length to
be 5   left with the lightly-doped region.  Specifically: the 



treating temperature is exemplified by [err]; the treating time period is
exemplified by about 1 hr. to 3 hrs.; and the treating atmosphere is
preferably exemplified by an atmosphere of N2 gases. 10        After this,
the capping insulating film 23 is removed, and the semiconductor integrated
circuit device is then manufactured at the steps similar to those of Fig. 7
and later of the foregoing embodiment 1. 15        Thus, according to the
present embodiment 13, the following effects can be achieved in addition to
those obtained by the foregoing embodiments 1 and so on. (1)  Prior to the
step of forming the epitaxial layer 2E, the semiconductor substrate body 2S
is subjected 



20   to the thermal treatment for recovering the damage of the
semiconductor substrate body 2S due to the ion implantation of the well
forming impurities.  As a result, the crystal defect of the surface layer
of the semiconductor substrate body 2S can be reduced to 25   recover the
damage so that the epitaxial layer 2E    91 having excellent
crystallizability can be formed. (2)  Prior to the well diffusion treating
step, the capping insulating film 23 is formed over the epitaxial layer 2E
so that the auto-diffusion 



5   phenomenon of the impurities at the diffusion treating step can be
suppressed while preventing the auto-doping phenomenon.  As a result, it is
possible to improve the setting accuracy of the impurity concentration in
the epitaxial layer 2E. 10   (3)  Thanks to the aforementioned effect (2),
the fluctuation of the electric characteristics (e.g., the resistivity) of
the epitaxial layer 2E due to the auto-doping phenomenon can be prevented
to improve the setting accuracy of the electric characteristics. 15   (4)
Thanks to the aforementioned effects (1) to (3), it is possible to improve
the performances, reliabilities and production yields of the MOS FETs 5N
and 5P (as shown in Fig. 1) to be formed in the 



epitaxial layer 2E. 20        (Embodiment 14) Fig. 41 is a section showing
an essential portion of a semiconductor integrated circuit device according
to a further embodiment of the present invention, and Fig. 42 is a graph
diagram plotting a depthwise 25   impurity concentration distribution of a
semiconductor    92 substrate in the semiconductor integrated circuit
device of the present invention. In the present embodiment 14, as shown in
Fig. 



41, on the epitaxial layer 2E of the semiconductor 5   substrate, there are
mounted the MOS FETs 5N and 5P which have the LDD (Lightly Doped Drain)
structure. In other words, the present embodiment 14 is different in the
drain structures of the MOS FETs 5N and 5P from the foregoing embodiment 1.
10        Specifically, the semiconductor regions 5N1 and 5N2 forming the
source/drain regions of the MOS FET 5N are composed of heavily doped
regions 5N1a and 5N2a and lightly doped regions 5N1b and 5N2b formed at the
side of the gate electrode 5N5 or the channel forming 15   region.  The
semiconductor regions 5P1 and 5P2 forming the source/drain regions of the
MOS FET 5P are composed of heavily doped regions 5Pla and 5P2a and 



lightly doped regions 5P1b and 5P2b formed at the side of the gate
electrode 5P5 or the channel forming 20   region. The semiconductor regions
5N1 and 5N2 of the MOS FET 5N are formed in the lightly doped epitaxial
layer 2E2.  The semiconductor regions 5N1 and 5N2 of the MOS FET 5N are
formed in the lightly doped epitaxial 25   layer 2E1.    93 Both the
heavily doped regions 5N1a and 5N2a and the lightly doped regions 5Nlb and
5N2b contain the 



n-type impurity of phosphor or As, for example.  The lightly doped regions
5Nlb and 5N2b have their 5   impurity concentrations set lower than those
of the heavily doped regions 5N1a and 5N2a. Moreover, both the heavily
doped regions 5P1a and 5P2a and the lightly doped regions 5P1b and 5P2b
contain the p-type impurity of phosphor or As, for 10   example.  The
lightly doped regions 5P1b and 5P2b have their impurity concentrations set
lower than those of the heavily doped regions 5Pla and 5P2a. Incidentally,
the MOS FETs 5N and 5P have their gate electrodes 5N5 and 5P5 formed on
their sides with 15   silicide walls 24 of [err], for example, so as to
make the LDD structure. The heavily doped regions 5N1a and 



5N2a, and 5Pla and 5P2a are formed in self-alignment with the side walls
24.  The lightly doped regions 5N1b and 5N2b are formed in self-alignment
with the 20   gate electrode 5N5.  The lightly doped regions 5P1b and 5P2b
are formed in self-alignment with the gate electrode 5P5. In this case,
too, the punch-through stoppers 5N3 and 5P3 have their maximum
concentration portions 25   located in positions shallower than those of
the    94 semiconductor regions 5N1 and 5N2 of the MOS FET 5N 



and the semiconductor region 5P1 and 5P2 of the MOS FET 5P.  In the present
embodiment 14, the punch-through stoppers 5N3 and 5P3 have their maximum 5
concentration portions located in the vicinity of the depth of the lightly
doped regions 5N1b and 5N2b of the semiconductor regions 5N1 and 5N2 and
the lightly doped regions 5P1b an 5P2b of the semiconductor regions 5P1 and
5P2. 10        In short, the punch-through stoppers 5N3 and 5P3 are made so
deep as to contact with the lightly doped regions 5N1b and 5N2b. Here, a
depthwise impurity concentration distribution of the semiconductor
substrate 2, as 15   taken along line A - A of Fig. 41, is plotted in Fig. 



42.  Incidentally, the impurity distribution of Fig. 42 can apply to the
foregoing embodiments 1 to 13, too. The epitaxial layer 2E2 (or 2E1)
forming the 20   surface layer of the epitaxial layer 2E is a lightly doped
region.  In their midway, however, there is formed a more heavily doped
portion than the punch- through stoppers 5N3 and 5P3.  Below the epitaxial
layer 2E2 (or 2E1), there are formed the wells 3a and 25   3b as a heavily
doped region.    95 



Thus, the heavily doped regions 5N1a and 5N2a of the MOS FET 5N are so
formed in the epitaxial layer 2E1 as to contact with the epitaxial layer
2E2 so that the drain junction capacity can be reduced. 5        Thus, the
present embodiment 14 can achieve effects similar to those of the foregoing
embodiment 1. Although our invention has been specifically described in
connection with its embodiments, it 10   should not be limited to the
foregoing embodiments 1 to 14 but can naturally be modified in various
manners within the scope of the invention. For example, the foregoing
embodiments 1 to 14 have been described as to the case in which the 



15   present invention is applied to the semiconductor integrated circuit
device having the so-called "double well structure."  Despite of this
description, however, the present invention should not be limited thereto
but can be applied to a semiconductor 20   integrated circuit device of the
so-called "single well structure" having one well, as shown in Fig. 43. On
the other hand, Fig. 44 shows a modification of the element isolating
portion 21 in the case of the semiconductor integrated circuit device
having the 25   single well structure.  The element isolating portion    



96 21 is composed of the field insulating film 21d and the two
semiconductor regions 21e and 21i of different conduction types formed
below the field insulating film 21d and adjacent to each other. The 5
semiconductor region (or fourth region) 21i over the semiconductor
substrate body 2S is doped with the impurity of the same conduction type as
that of the impurity contained in the semiconductor substrate body 2S, such
as the p-type impurity of boron.  The 10   remaining construction is
identical to that of the foregoing embodiment 9. On the other hand, Fig. 45
shows another modification of the element isolating portion 21 in 



the case of the semiconductor integrated circuit 15   device having the
single well structure.  The element isolating portion 21 is composed of two
semiconductor regions 21g and 21j of different conduction types arranged
adjacent to each other. The semiconductor region (or sixth region) 21j over
the semiconductor 20   substrate body 2S is doped with the impurity of the
same conduction type as that of the impurity contained in the semiconductor
substrate body 2S, such as the p-type impurity of boron.  The remaining
construction is identical to that of the foregoing embodiment 10. 25
On the other hand, the foregoing embodiments 1 to   



97 14 have been described as to the case in which the epitaxial layer
forming the pMOS and the nMOS has its impurity concentration set by the ion
implantation method separately of another manufacture step. 5   Despite of
this description, however, the impurity concentration of the epitaxial
layer may be set according to the desired element characteristics at an ion
implantation step for forming the punch-through stopper, for example. 10
At the time of forming the punch-through stopper, for example, the impurity
concentration of the layer below the punch-through stopper may be set to a 



predetermined value.  At this ion implantation step for forming the
punch-through stopper, moreover, the 15   impurity concentration of the
layer below the punch- through stopper is set to a predetermined value, and
the impurity concentration of the channel over the punch-through stopper
may be set according to the desired element characteristics. 20        On
the other hand, the foregoing embodiments 1 to 14 have been described as to
the case in which the SiH4 gases are used at the time of the epitaxial
growth. Despite of this description, however, the present invention should
not be limited thereto but can be 25   modified in various manners.  For
example,  



98 dichlorosilane [err] having a less auto-doping may be used. On the other
hand, the foregoing embodiment 1 has been described as to the case in which
the structure 5   of the present invention is applied to the analog
circuit.  Despite of this description, however, the present invention
should not be limited thereto but can also be applied to a digital circuit,
for example. Moreover, this digital circuit can be exemplified 10   by a
gate circuit, an adder, a timer, a counter, a shift register and a
pass-transistor gate circuit. 



On the other hand, the foregoing embodiment 1 has been described as to the
case in which the structure of the present invention is applied to the 15
differential amplifier.  Despite of this description, however, the present
invention should not be limited thereto but can also find various
applications such as an AD/DA converter, a comparator, a modulator or a
sense amplifier of a memory. 20        On the other hand, the foregoing
embodiments 1 to 14 have been described as to the semiconductor integrated
circuit device having the elements. Despite of this description, however,
the present invention should not be limited thereto but can also 25   find
various applications including active elements 



99 such as bipolar transistors or diodes, capacitors having pn junctions
and insulating films between electrodes, or passive elements such as
diffusion resistors.  The present invention can be further 5   applied to
microprocessors, ASIC (Application Specific IC) or various semiconductor
memory integrated circuits having those elements integrated therein. On the
other hand, the foregoing embodiments 1 to 14 have been described as to the
case using the p-type 10   semiconductor substrate body.  Despite of this 



description, however, the present invention should not be limited thereto
but can also find an application using an n-type semiconductor substrate
body. On the other hand, the foregoing embodiments 1 to 15   14 have been
described as to the MOS FETs.  Despite of this description, however, the
present invention should not be limited thereto but can also use MIS (Metal
Insulator Semiconductor) FETs. On the other hand, the foregoing embodiment
7 has 20   been described as to the case in which the epitaxial layer in
the memory cell array has its impurity concentration set equal to or higher
than that of the wells.  Despite of this description, however, the present
invention should not be limited thereto but 



25   can also modified, as in the foregoing embodiment 6    100 and so on,
such that even the epitaxial layer in the memory cell array has its
impurity concentration set, below and near the semiconductor region to be
connected with the data lines, as low as that of the 5   epitaxial layer.
Moreover, the punch-through stopper may be formed in the regions having a
lower impurity concentration. On the other hand, the foregoing embodiment 7
has been described as to the case in which the present 



10   structure is applied to the semiconductor integrated circuit device
having the EEPROM.  Despite of this description, however, the present
invention should not be limited thereto but can also find various
applications such as another ROM such as EPROM 15   (Erasable Programmable
ROM (Read Only Memory)) or mask ROM. On the other hand, the present
structure can also be applied to the so-called "ferroelectric memory
circuit (FRAM: Ferroelectric Random Access Memory)", 20   i.e., a memory
circuit having a capacitor in which a capacity insulating film made of a
ferroelectric material such as PZT [err] is sandwiched between upper and
lower electrodes. 



On the other hand, the foregoing embodiment 7 has 25   been described as to
the case in which the epitaxial    101 layer in the memory cell has its
impurity concentration set equal to or higher than that of the wells.
Despite of this description, however, the present invention should not be
limited thereto but 5   can also be modified such that the impurity
concentration of the epitaxial layer of the memory cell is as low as that
of the epitaxial layer of the foregoing embodiment 1.  This modification
can achieve 



the effects (1) to (11) and (16) to (24) of the 10   foregoing embodiment
1. Although the foregoing description has been directed mainly to the case
in which our invention is applied to the semiconductor integrated circuit
device having the MOS FETs providing the background thereof. 15   Despite
of this description, however, the present invention can also find various
applications such as another semiconductor integrated circuit device having
a BiCMOS (Bipolar CMOS) in which bipolar transistors and MOS FETs are
mounted on a common semiconductor 20   substrate. The effects to be
achieved by a representative one of the invention, as disclosed herein,
will be 



briefly described in the following: (1)  According to the semiconductor
integrated circuit 25   device of the present invention, the lightly doped
102 epitaxial layer, as formed over the heavily doped first and second
regions, is formed with the predetermined elements.  As a result, the
elements can have their characteristics set accurately without 5   being
influenced by the impurities in the first region, the second region and the
semiconductor substrate body so that the setting accuracy of the 



element characteristics can be improved.  Thus, it is possible to improve
the performance, reliability and 10   production yield of the semiconductor
integrated circuit device. (2)  According to the semiconductor integrated
circuit device of the present invention, the predetermined elements are
formed in the lightly doped epitaxial 15   layer so that the junction
capacity of the semi- conductor regions forming the predetermined elements
can be reduced.  Thus, it is possible to improve the action speed of the
semiconductor integrated circuit device. 20   (3)  According to the
semiconductor integrated circuit device of the present invention, the
lightly doped 



epitaxial layer, as formed over the heavily doped first and second regions,
is formed with the predetermined elements.  As a result, the first region
25   and the second region can have their impurity    103 concentrations
set substantially independently of the characteristics of the predetermined
elements. (4)  Thanks to the aforementioned effect (3), it is possible to
improve the latch-up breakdown voltage. 5   Thus, it is possible to improve
the performance, reliability and production yield of the semiconductor 



integrated circuit device. (5)  Thanks to the aforementioned effect (3), it
is possible to improve the soft-error breakdown voltage. 10   Thus, it is
possible to improve the performance, reliability and production yield of
the semiconductor integrated circuit device. (6) Thanks to the
aforementioned effect (3), the impurity concentrations of the first region
and the 15   second region can be set to values sufficient for the element
isolations so that the channel stopper can be eliminated by extending the
element isolating portion to the first region and the second region.  Thus,
the parasitic capacity can be reduced to improve the 20   action speed of
the semiconductor integrated circuit 



device. (7)  Thanks to the aforementioned effect (3), the punch-through
breakdown voltage in the semiconductor substrate body can be improved to
reduce the 25   thicknesses of the first region and the second region.
104 Thus, it is possible to reduce the thermal treating time period
drastically for forming the first region and the second region. (8)
According to the semiconductor integrated circuit 5   device of the present
invention, the lightly doped 



epitaxial layer, as formed over the heavily doped first and second regions,
is formed with the predetermined elements.  As a result, the first region
and the second region can have their impurity 10   concentrations set
substantially independently of the characteristics of the predetermined
elements.  Thus, it is possible to facilitate the control of forming the
first region and the second region. (9)  According to the semiconductor
integrated circuit 15   device of the present invention, the element
isolating portion is formed into the channel shape.  As a result, even if
the epitaxial layer is considerably thick, the element isolating portion
capable of isolating the epitaxial layer individually for the 



20   element forming regions can be formed without increasing the area
occupied by the element isolating portion.  In other words, the
semiconductor integrated circuit device can cope with the structure having
a thick epitaxial layer. 25   (10)  According to the semiconductor
integrated    105 circuit device of the present invention, the insulating
film is formed by the thermal oxidation method on the surface of the
channel for the element isolating portion.  As a result, it is possible to 



5   satisfactorily protect the epitaxial layer in the channel, the
semiconductor substrate body, and the junction portion of the first and
second region. Thus, it is possible to improve the performance, reliability
and production yield of the semiconductor 10   integrated circuit device.
(11) According to the semiconductor integrated circuit device of the
present invention, the epitaxial layer, as equipped with the MIS FETs, is
formed at a predetermined depth with the eighth region for the 15
punch-through stopper.  As a result, it is possible to prevent the
punch-through phenomenon between the sources and drains of the MIS FETs.
Thus, it is possible to improve the performance, reliability and 



production yield of the semiconductor integrated 20   circuit device. (12)
According to the semiconductor integrated circuit device of the present
invention, the epitaxial layer in the element forming region for the
electrostatic protection circuit attached to the input 25   circuit and the
power supply has its impurity    106 concentration set equal to or higher
than that of the first region.  As a result, it is possible to eliminate
the deviation of the minority carriers of 



the base region at the operating time of the bipolar 5   transistors for
the electrostatic protection circuit and to prevent any local current
concentration in that epitaxial layer.  As a result, the current can be
uniformly established in the collector/base junctions of the bipolar
transistors thereby to prevent the 10   reduction of the electrostatic
breakdown voltage of the electrostatic protection circuit.  Thus, it is
possible to improve the performance, reliability and production yield of
the semiconductor integrated circuit device. 15   (13)  According to the
semiconductor integrated circuit device of the present invention, of the
epitaxial layer, the epitaxial layer in the region 



forming the memory cells has its impurity concentration set to a value
higher than that of the 20   epitaxial layer in the element forming region
for the internal circuit.  As a result, it is possible to increase the
junction capacity of the epitaxial layer and to form the barrier layer for
preventing the carriers, which are produced due to the electron-hole 25
pairs by the alpha ray, from invading the information    107 holding
portion.  As a result, it is possible to prevent the drop of the memory
holding characteristics 



of the semiconductor integrated circuit device having the memory cells.
Thus, it is possible to improve the 5   performance, reliability and
production yield of the semiconductor integrated circuit device. (14)
According to the semiconductor integrated circuit device of the present
invention, of the epitaxial layer, the epitaxial layer in the memory 10
cell forming region has its impurity concentration set, only below the
semiconductor region other than that to be connected with the data lines,
to a value higher than that of the epitaxial layer in the element forming
region for the internal circuit.  As a result, 15   It is possible to
prevent the drop of the memory holding characteristics without increasing
the load 



capacity of the data line.  Thus, it is possible to improve the
performance, reliability and production yield of the semiconductor
integrated circuit device. 20   (15)  According to the semiconductor
integrated circuit device of the present invention, the thermal treatment
is done for recovering the damage after the impurity introducing step,
followed by forming the epitaxial layer, so that the crystal defect of the
25   semiconductor substrate body surface layer can be    108 reduced to
recover the damage.  As a result, it is 



possible to form the epitaxial layer having an excellent crystallizability.
Thus, it is possible to improve the performance, reliability and production
5   yield of the semiconductor integrated circuit device. (16)  According
to the semiconductor integrated circuit device of the present invention,
prior to the thermal diffusion treating step for forming the first region
and the second region, the cap film is formed 10   over the epitaxial layer
so that the first impurity and the second impurity can be suppressed from
diffusing into the diffusion furnace during the diffusion treating step
while preventing the epitaxial layer from being doped with the impurities
having 15   diffused.  Thus, it is possible to improve the 



accuracy of setting the impurity concentration in the epitaxial layer. (17)
Thanks to the aforementioned effect (16), the electric characteristics such
as the resistivity in 20   the epitaxial layer can be prevented from
fluctuating to improve their setting accuracy. Thus, it is possible to
improve the performance, reliability and production yield of the
semiconductor integrated circuit device.    an element isolating isulating
film formed in said expitaxial layer and extnding to said first
semiconductor region; 



a gate insulating film of a MISFET including an oxide film which is formed
by thermally oxidizing said epitaxial layer and which is on said epitaxial
layer; a gate electrode of said MISFET formed on said gate insulating a
pair of second semiconductor regions formed in said layer to construct the
source/drain regions of said MISFET wherein said epitaxial layer has
thickness larger than said second semiconductor regions, wherein said
epitaxial layer has an impurity concentration lower .than that of said
first semiconductor regions; and a third semiconductor region formed at a
position of a predetermined depth in said epitaxial layer to have a
conduction type opposite to that of said second semiconductor regions and
an impurity cocncentration higher than that of said epitaxial layer such
that a      of said epitaxial layer 



positioned over said third semiconductor  region and a portion said
epitaxial layer positioned under said third semiconductor  region have an
impurity  concentration lower than that of said third semiconductor region,
wherein a maximum  impurity concentration is formed at a position shallower
than the depth of said second semiconductor regions. wherein said third
semiconductor region is so formed at a position shallower than said second
semiconductor regions so as to contact with said second semiconductor
regions. 2 (Amended). A semiconductor integrated circuit device according
to claim  I, wherein each of said second semiconductor region includes a
heavily 



doped   region and a lightly doped region between said heavily doted.
region and a channel forming  region of said MISFET 3 (Amended), A
semiconductoe. i agated vircnit dqv fe ;ascording to cgla    dirc it,  'a.
,co;:i *    wherein said third semicogductor rion 'has. 4  Sal;ad in  um
i"iluritX coacentration  1pori4a4- itj*pogsitidon.'rhafl:. .ian th  pairod
govisAG in S"  ;A    W    I A If, t~Qn  ~.m~o~)1t~or r.;in~ in oid   FF~TI
4 g'lt the dth of said ldtwli doged regign.                    .
; 4 (Amended). A semiconductor inptgrated circuit, device according to
cbiiln 1. further comprising: a a fourth semicondqctor region  [onirig  i
firs   iit-.t- of n. V           -'_ 4p: fa: kwhiu  oh W W   e'e1form'ed in
said 



seaiconductor substrare body an d havink a zonductivit 't. .0 e-Mosite to
ilat of said first semiconductor region ;nd an epitaxial layer formed
OMiopnduo~r 'eibstrale boy; .                     .
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. *a ,oaiv-|o "n   v           w    on
said fourth- semiconductor regjon and having aIlWcr impurity concentration
than that of said' fourth .'sekiicowductor region,                  Zz5 : X
- .;-lwa4;omnt iheet   ' 12 2 NO is DaW**~~~~~~~~~~ v  b.    111 C  L ~ ~ ~
~ ~~ 



Ajf L.a ALk; --ha as* s._. aid'^-A.F; ,wherein said first semiconductor
regitn andu said fourtI. iemiconductor reg1qn are formed adjacently to each
oiher to form PN judetotr. between a nd stid fist semiconductor region and'
said fourth keriicondnkdt rgion, and wherein said element isolating
insuljting.. filmh is .1binea je rach said 'ffrst semiconductor region a nd
stid fourth senlicondudtot. regia .sucb thac uI4. PN junction terminates at
't4h 4. el   bottom' poztion .obfsaid Clemenc isdlting insulating film. . 5
(Amended). A semiconductor integrated circuit dd6d aqording to .claii 4,
wherein said element isolating insulating film is forined- in a 4
dten'e8 tranch extending to  like! a upper' p6rwin of said senivpbaducLor
substrate body. (6 Amended). A soticondictor. intgrted' ciiuit'  Vice:
rdg to 



wherein said element isolating in]uklSting 'film iDctidQl4 "M  It e-1I
Aei.wgIs ehifc film formed on          aurac .t s  aid :-chtilw       tr y
a *t mal oxidation method,                 ..                  ; *~~~~ ~ ~
~ ,,                   '       .    ; ;I' 7 (Amended). A semiconductor
inzigrated  ciruit 4ev~ce. a90oding to ;*~4,                         *
' . '   a                          '    ,I         .      s 'L    " w
wherein, of said epitaxi  layer, the*4itazil L4ydr  nin r $cment foprtizig
region for an electrostatic jpr'tidon .circuit  [;54a d o This is the
repiwoma't heet ets:      2 2 NOV 1    



*  C  L  M  S I                112 r ai input circluIt [_
-_ .ad a power circuit are to sG tormedbta. :s inipurity Xoiefitretion. set
equal 1`6   higher than that of-said first semicouttuctor r  8, 8
(Amended). A.s m cicqdtcgor ietogruted cirquit'divjcz -idp!*1ring to Clgiin
.4y. ~ ~ ~   ~     ~     ~     4..   41 1. *.
C,     ,      4. c~~~~~asxXL   4          ;.  ~~~~~~~~~~~~~~~~~~~'.     :
,  ;. wherein an analog circuit is conce    byt'4ing ;saidMISFET. 9.   A
semiconductor integrated circuit device according to claim 4, wherein, of
said epitaxial layer, the epitaxial layer in a memory cell forming region
has its impurity concentration set higher than that of the epitaxial 



layer in an element forming region for an internal circuit. s' 44e
-.            .,   ' . 10 (Amended). A semiconductor iptegrated.
diciic'bdMiMc according to i~am4, *i^  4,                              .
;. ** :  .wherein, of said epitaxial layer, wf '*:  Laya.    x i &memory
cell f6main  region has its impurity concentration 'e, bgjwi-q 4tbC
hpiconductor rdglion Jeth. as  Qal  to be connektd&'Widi a data:  it.Ralke
higher than that of the epitaxial. layer in -the. wknent " g   'for as
internal -fhI It the replac*me*Ot eheet s:      2 2 NOV 9   



11. A semiconductor integrated circuit device according to claim 9, wherein
said memory cell is a memory cell of a dynamic random access memory, a
memory cell of a static random access memory or a memory cell of a read
only memory. 12. A semiconductor integrated circuit device according to
claim 4, wherein said epitaxial layer is equipped with memory cells of a
dynamic random access memory, and wherein the epitaxial layer below the
semiconductor region for the source/drain connected between a transfer MOS
FET and a capacitor, as 



construct said memory cells, has its impurity concentration set to a value
higher than that of the epitaxial layer below the semiconductor region for
the source/drain, as connected between said transfer MOS-FET and the data
line. 13. A semiconductor integrated circuit device according to claim 4,
wherein said epitaxial layer is equipped with memory cells of a static
random access memory, and wherein the epitaxial layer below the
semiconductor region for the source/drain connected between a transfer
MOS-FET and a driver MOS-FET, as This is the repament sheet bes    2 9WW~a
8 



.~~O ac    I 111111! 1111L1 '11I S t  114 construct said memory cells, has
its impurity concentration set to a value higher than that of the epitaxial
layer below the semiconductor region for the source/drain, as connected
between said transfer MOS FET and the data line. 14 (Amended). A process
flo a stnkonduivtor intekla045 cikuc device, , ;,(a) the step of dopipg a
semicondndibar substrate., bpd' :itlc a first im npurity;
. ' .b) the step of dopig said sdmioiictor atibtralfr.&dy. *it a second 



,imprity;                                       .:; .() the step of forming
an ep ux tAyear over 4&4 O:princiga1 plane of444 said semiconductor
qubstrate hQoy :'which h4tn:e;46ped with .Md first impurity and said sepond
inip rity;    ;  , ,; 7; (d) the step of forming a cap fil oetr waid
ephaxii .y  an.'d ..,(e) after, sai stel (d)the step ofmlig.afrst
s*i6Aducvor region .an4:. a second semiconductor region intiviudal;, :t
subweid4;   said seziconductor substrate bddy formed' VJh. s#,: :sd tl
to a 'theral diffusion treatment 'to           P         -id 'ad second
tPpri ty. 15.  A process for manufacturing a semiconductor integrated
circuit device according to claim 14, further comprising: the step of
subjecting said semiconductor 



substrate body to a thermal treatment for recovering This is the
replacwment Aebt o at:    2    11111111  1111111111111111111111115 *    C
L    N    S    * the damage after the steps of introducing said first
impurity and said second impurity and before the step of forming said
epitaxial layer. 16. A process for manufacturing a semiconductor integrated
circuit device according to claim 15, wherein said thermal treatment has a
temperature 



of 900C to 1,100C. j17 (Amended). A process for. r:uiiconducto& intat
circuit device. crdigto claim 14, '                  ' wherein a lighty
doped regiou hwg ni impisrity  ifUo4,od is ltft in said etitaxial layer by
at least O.3Ju mipx* .l',,      'I." e of said epktixial layer   I nilt
thwxrmal diffigi 0top  , a:*i  :Raid X.rst ipurity and said scrond impurity
are .a.tf be. fidiff     iut9stid Itasial layer i -said thermal diffusion
steD.'     .:       '   , a * *.8 (Amended). A provess for a X&4icvonducttr
Intet   ofrut device g$oarding to claim 14, further comptisin4;
)efore.iemebts axi 4{44 fTormed in said epital                 . l
ayr' a *,  Ct) the step of doping suh     af si                   Overlies
$I fid rst semiconductor region; with .*Itn urtj bf rfie igm, cdaduction
type as that of said first impurity in iaco4ceaerti(td  lot-thal that of
said 



Stsi |intyricy  sentconduttor        ann  a a;: a; a a aa (g) the step of
dopigg    it      r     h        a4 p    ari i u er gi    such Por op  of
sajd 61tax ia.l er as overlies ,'ad second__$Arj3:xcon g ~_  WiAi mpurtjy.
of-.:he".'econduction .fpi ps that of said secoad impurity si.b cocntraian;
lb*      That of said second semicouductqrg  region. ithiF i the tolnmt
sheet ?s   Z9NOVU    * C L M S *           116 19. A process for
manufacturing a semiconductor integrated circuit device according to claim
14, 



further comprising, before elements are to be formed in said epitaxial
layer: (h) the step of setting to a predetermined value the impurity
concentration of the epitaxial layer portion below a third semiconductor
region for a punch-through stopper, which is doped with an impurity having
the same conduction type as that of the impurity of said epitaxial layer
and a higher impurity concentration than that of the same impurity, when
said third semiconductor region for the punch-through stopper is to be
formed at a predetermined depth position in said epitaxial layer. 20. A
process for manufacturing a semiconductor integrated circuit device
according to claim 14, 



further comprising, before elements are to be formed in said epitaxial
layer: (i) the step of setting to a predetermined value the impurity
concentration of the epitaxial layer portion below and over a third
semiconductor region for a punch-through stopper, which is doped with an
impurity having the same conduction type as that of the impurity of said
epitaxial layer and a higher impurity concentration than that of the same
impurity, when This is the replacemment sheet Dte:    2 2 NOV U    



I DIII   hut tilllll  lhI. --117 *    L    M    S * said third
semiconductor region for the punch-through stopper is to be formed at a
predetermined depth position in said epitaxial layer. 21. A process for
manufacturing a semiconductor integrated circuit device according to claim
14, wherein said first impurity is an n-type impurity of phosphor whereas
said second impurity is a p-type impurity of boron. 22 (Canceled).
.     *. s~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,         .  ..   . .  4  ...... :
23 (Canceled).      ..                            2, .* 't24 (Cafceled).
.    "  ; , 



'ig.25 (Canceled).           ,   ,:     .      .         ; ..7 .6
(Amended). A process for a                       ciiti'ttted: 4rcuit device
.aQrding, to claim 17, further compriinag    .        ,  . ; (j) the step
of forming an axide i            on 4o bc. l  plane of said epitaxial layer
by tfiermally oidizli. sa44 briucipal .late.- df said ecsifnial layer after
said step (e),    .,  .      : wherein said oxide film forms .4e  j jgate&
imsglaini  1.fi-dfa MiFET. ..  ,,'-.  .. " 27 (Amended). A process for a,
*o"utto o  i       "c.4 1    t device .aicrding to claim 18, fuzther
comgrishiwg:  .     . .   . (k) t  r s                      :u'rei
Pnpiiivipal. plane :.' ,(4 ffietp of forming an oxide fika'D4&W4' p.. .
ThiS is the reol ment ahest :2? Wlnv vQo 



I ipii W1111 ilill lill Uh191 hIt II   a   118 tt;said epitaxial layer b
ther                    i     &di&.sa 6$taiial laYer after said steps (fl
and .   .       .     , *K* wherein said Qxide film fdrms 4     agitt
itisii        fiM of -a MISFET. ....                   .    '4.
.;.        ... '28' (Amended). A Vtocess for a setdI6o&utior.   Owedj
%ituit device 'acording to claim 20, further comprising:-. (I) the step of
forming in oxide film  4e. 44.    -principal plane of s1d4 epitaxial layer
by thbrMally oxidizig' said Princival' plane  !id euitaxial layer after
said step (e),  '                 * wherein said oxide Dlim forms 4*4    I
gate insulatinr  lib; of a MISFET. 



* ~~     ~       ~       ~      ~       : I . . 29 (New). A semiconductor
intetaatd' circuit devide .caniprising: a semiconductor substrate -body;
.   .   .          I.' an epitaxial layer. formed on said seqiconductor
suiikaIte 'body and hving a thickness of 03 p m to 3 A              :   .:
a gate insulating film of a MISFET including a oxide hIiri which is .fdnned
by thermally oxidizing a main $sirface. 9f said e4pcxial Iayer; a gate
electrode of said MISFET fortmd on'said gat( inaiatig film; .and,.'
: . .         ~~~~~~~~~~~~* . 4.  . a pair of semiconductor regions formed
in sa1d epitaicil Iuyer and .saring as a source region and -a drami region
of, said MIgFBT.< 30 (New). A semiconductor integrated cirxuit device
akiocnfxig' to claim 29, 'wherein an impurity concentration of said
sirnicoqdutcir sibstdate body 



.4    ... itfibim  I XlO  atoms/cm3 to 1X1O  ;AtWmictn. 3            . -
,~~~~~~~~~~~~~~~~~~~~~~~4 .1 31 (New). A semicoaductor integratad ,cirbult
4evj*4 according to claim .29,"wherein an element isolating insdihiaig film
is :orfitw  Xi sa  epitaxial 1gyrer..
. This is the replnment sheet Dde:      ?2 NOVY  B    11111  11111 l iil
11111 1111llll *  C  L  M  S                      119 32 (New). A
semiconductor integiated .c~cuit:device, kccbrding to claim 



.31,, kvherein a channel stOpper region 'is f6rfted4 within :Pid epitaxial
layer, iider said element isolating insulating: :fttm. Whbtein sxjd caadiil
stopper tregion has an opposite conductivity type to a conductivitjy;tjpe
of said pair Qf, said semiconductor regions and has, ap'impurity
condentratzo', higher tnan that of said epitaxial Layer. 4  ,
, 5 33 (New). A semiconductor integkated citruit 4deviae iccorng to claim
3V,'wherein said channel stopper regioqn 'a in coutdt with ;'said
semiconductor substrate body.         .:        .                 t 34
(New). A semiconductor integrai4frd cirtuit devic;. ccobdiig to claim
S2,:wherein a bottom portion of said qlement .itolating insilatipng fMlm is
in co4xct with said semiconductor substrate body. . . '35 (New). A
semiconductor iatepated. circuit device according to claim .31, wherein
said element isolating insu'lang fi  is.fbl1e )a ttpnch portion 



fanmed in said epitaxial layer.       .                . 36 (New). A
semiconductor intejrgtad. circuit device stccdrding to claim 29, wherein a
punch through stopper xrgion is formed at a position of a t-reoetermined
depth in said epitaxial 4tMr whirein s4&'pn4 through itopper region has an
opposite conductivity type to.a'coiddtiwsjty type of #a~id prir of said
semiconductor regionk7qd ;ha  4jiipd4tn  b~3entratian AS~r than that of
said epitaxial. layer .wler.eb i   . .Ier ~positioned aver sa Itpunth
througih. ioppcr rejgi .a.d..wporcon of s.d:,epitaxial layer .positioned
undei bw14 :punh chwzg Xsibzr.region have '4  Mnpuxity concentration lower
thn 'that of sa$d pieli".togh:stopper uqgipzz.
., This it rho rwlacyflnbt Sheot DAM    2 2NOV 1  



*C  LM512 0 37 (New). A semiconductor -ixtegr                     icding
'to claim '30, 'wherein said punch through stopper ..reipn is formaed'
to)be in contact with, said pair of said semiconductor rogigns.' *
.    .:          *.    : 38 (New). A semicdnductor iutegrated circuit
daeitt conxprising; ea semiconductor substrate body; an epitaxial layer
formed on said 'semicondtetor SIstriaft. body and having a thickness of 0.3
pm to 3 pm; ' : .  a first semiconductor region formnd in *said ipitaxia!
,&yet .tuch that an ihppurity concentration of said first .semieonductor
regipn .f Yigher. than an irnnirity concentration of a suTfkce portion of
siad epiitial9 layfr at an 



:tWmpent forming region of said epitaxi*a layer;        : : < ai clement
Isolating insulating 'fflm formed  n' said ipiatl2 layer such flMi a bottom
portion of said eement isolating Insulating. AIlki is.in contac: *i  said
first semiconductor region:'. a gate insulating film of a MISFET inluding
ua o*i  fipmv -hich is f6.rmed -by thermally oxidizing a nain, sixace'
pf.'said e6peiataF IAYIer: : a gate electrode of said MISFET fonn&d' on
.said- gate insulkting -film; and
J ;  a pair of semiconductor regions, fo d in said epitixib Jlyer and
sqrving as a source region and a drain .reion of said MISUI', wherein a
conductivity type  ff said first kemiconmidctur regibn Is 6fiPosite to that
of said pair of said seSiionducwtr resiopn :or in  'its.
,     to claim .  : 39 (New). A semiconductor integrat  ciioiit Aevi&
acpAng to claim 



3t xbherein said first semiconductor rogon is formcd .gin:a iteniace
portion bitteen said epitaxial lanr and said iemiconOuctot' subotrics;
boday. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.  .   a     * 40 (New). A
semicoiductoi integ atel citoult devidce Acotdjng to claim This is the
repIcment thest D$A       22 NOV 39    IIPIIIJ   IIlll   liii, Hll li iil C
LMS* 121 $8. wherein a punch through stopper eou Is formed it 4 position of
a ptedetermined  depth in said epitaxial laer, wherein sid: punch throug h 



stopper region has an opposite conductivity type td a cori dictivity type
of said pair of said semicon.ductor regions qhd: has an'impurity>
cpoacentration liiger than that of said epitaxial layer, whereinA a
.portioc of said epitaxial .:ysr positioned over said punch throisb
stoppregion On 'i portion of lid epitaxial layer positioned under said
punch, iliroujb '#bbpie? region have I.  - C.   I. -sir-impurity
concentration lower than that of sdjd punch rthidgli stopper r~gion. ;  41
(New). A semiconductor integraidd circait devir eecbrding to claim 40,
;wherein said punch through stoppex %r6gian: is forbind iok 'in contact
wdt)h said pair of said semiconductor .te'giods.     A .; *  I   I    p1,
.*  *  ; 42 (New). A semiconductor iutegvafed cirteit device vc'ording to
claim 40, .wherein each of said semiconductor . regions indlldes  j ,,first
doped 



sibzregion of relatively lQw impurity. qb4entrtcion hand. a ;ecbn.&.doped
sibregion. of relatively high impurity  okicentation such tba,.said first
d4~pd subregion is formed between siid. second-fdped .subgioa and a
phagnvel forming region of said MISFET.. :
..  I.      ,* 43 (New). A somiconductor integai  circuit ekdce a ding to
claim 38; wherein an impurity concentration, .of said f1rsf
,senrxtoioduttqr region is hikser than that of said semiconductor.
ssbstrate body2 . ' a         X~~~~~4 44 (New). A semiconductor integiatnd
oircuit device; according to claim 3$,. wherein a bottom  portion of said
4elient isolatieg Lrrs4Iiin$ film Is in cnptact with said semiconductor
substt4*: bo~y      ; thI is the roptwmsnt Sieet OS:       12 2 NOYe 



1111111111111HE1111 11 1111: *  C  L  M  S  *                 122 45 (New).
A semiconductor integtited cireilt device .,iozjprising: .,a semiconductor
substrate body;  .1          ,     . an epitaxial layer formed on said,
srpicotductor su strte body and *   *o duct     . sub   4t  od n hutving a
thickness of 0:3 am ,co 3 jum. .  .          .             .          .
.~~C  .  .  C a memory cell of an Electrically Biasbble
P.rogratlpibte,.RO.. said memory cell comprising a fiiit 'gate irsulpiug  *
a:aizg, gate alotrode formed bn said first gate ingulaling film, a second
pgte' insulating. 



fi4 formed on said floating gate elect'o.&, atcpntrol' ga,  :;le6ttSie
formed .on aid second gate insulating flmd, :ad  pair. o( s<zpicgndactdt
,regions toflried in said epitaxial layer and serying as a asoirce .reki
nd a drain region, uwherein said first gate insulatilhs :`fil  including;
aw '4d..'fi  which is .fimed by thermally oxidizing a main. surface of said
epitaxdal layer. .   ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~'.    .. .46
(New). A semiconductor integvate  :cixcuit deo icq AcqxIg to claim *  *,  '
'.  *    C 4t ivherein said floating. gate electrode is ane lectrbd,
forTsrg the chargp tQ.contribute to the storage of informatian, wherein
saidrcongoti tke 'efectrode is an electrode for controlling storage ,And.
diaihutgx.diE the chitrge tosaqatribute to the storage of informatia.n. 47
(New). A semiconductor. integnated circuit devicei. tccdt4ug. to claim 



4$, Woherein a portion of said epitaxial'.laYer for a memory L cilP f6rming
re'jiyn has the same conductivity type, as a portion of aia'qpi jai. layer
for an iitemnal circuit forming region, whe;q,#i sa.id epita jiia-:.ypr'fpr
said gepbory  cell forming region has an' impurity eougentratioI stI bighir
than rbaC of said epitaxial layer for said inienral circuit -greig rcgioni.
Tfh6 is the replaoemst sheet 2 2 NOv 996    I IIJIIIJ  lLl 11111 lI! II Il
l 123 48 (New). A semiconductor integrated cirvuit. device-A'ccerding to
claim '.4A, wherein an element isolating insulatint f la is'iforred -in
said. epitaxial 



i~y~pr such that said element isolatnag iniplating film. isolates said
memory ci4 frming region and said inteaal Acircuit forniig regiot, whq,6in
a biotdtm portion of said element isolatilg insulating film is.'L 'caztact
with t*W  semiconductor substrate body:       .             . *
. '.4 j .. 49 (New). A semiconductor integRttd circuit, davi6e "coiprising:
a semiconductor substrate body;' an epitaxial layer formed on said
semiconditcot sdbiraiq -'lodY and .WvLag a thickness of 0.3 pm  to 3 p tir
suchat .k portis'iat.stid epitaxial l4yer for a memory cell forming regioh
Ii$ the'. 6ai cdnd~uc vjty type as a .pbriion of said epitaxial layer for
an internal circuit fdgng       and such' "ti;t said epitaxial layer for
said oem o=y: cell formizg teginhas an impurity I''.
*~~~~~~~~~~el orln  4einwaniprt b9vcentration set higher than that of said
*p*taxial .4yef, for. said internal 



*rcuit forming region;                 .. a first gate insulating filh.of a
MISBET for a.memoiy. pelinwphding an jXide film which is formed, by
thermally oiidizitm a.nan  Iiittace of said 4pizaxial layer;
.         .           . a second gate insulating film of aMI$EET for an
elenp 'for an internal 4cfit including an oxide film which is fptaje4 by
tberri;': Qxiizing a main yu*zace of said epitaxial layer; a first gate
electrode of said MISFET for said imemoj' 'cell. firmed o n sid first gate
insulating film; a' iecond gate electrode of said M-IEttfor. said elkrtilt.
ior said internal qrciit formed on said, second gate insilat`ng film;..
a-pair of semiconductor regions fqpried in     pprton;of.sad epitaxial This
is the rtlmSt ehee oas2 NOY 19$ 



*uuhII 1Ll1                         124 :.l#yer for a memory cell forming
regioi gnd se&r-ivn  as a 'soutcq region and a d.mn region of said MISFET
for said meiiaory cell, ..  and ;  a pair of semiconductor regions fbrnied
izsaid. poio  -of W4d. epitaxial *l'ayqr for an internal circuit forming
region and 'serving  la Yj soutce region 4s4&; a drain region of said
MISFET for s4d elexpuz  sorad ih:frnA  circuit. 5 $0 (New). A semiconductor
inreta;ed" circuit 'device accor4ing to claim 49,l wherein said memory cell
is a'memory. cellof a dy'nanic.iraadom  access .veozy, a memory cell of a
stadc random  acceY. uyen' r. r aiory cell a'tread only memory. 



51 (New). A process for a semico'pductor integrated 6icirjdivice,
c#tprising the steps of;                 .     .                     layer
. (a) preparing a semiconductor substrate tody wixtfi pitsixia  layer
wbitli is formed on a main surface ovfa  isernicbnductor gphb'ittte 'body
and wIih has a thickness cr0.3 pim to 3 'urm;                  .' : (b)
after said- step (a), introducing 4 first inlpzcrit# 't.a.flest region of
axiw  surface of said epitaxial layer iy using -ion- ahpi  tln a to form a
Crift semiconductor region of a firxc cdu'ctiviiy  tyspe 'T'sid 'itaxial
layer *dvl that an impurity concentration. ot said firss semieonductor
region is .hgl'gqr than that of said epitaxial layer";            . . ' (c)
after said step (a), introducing, a sqcond im'purity. intp, ;Kecond to pm
of said main surface of' said eitaxa lvei bplntation i'forn  a second
semiconductor repta.of i conductivitty ype  ,opposite to 4d ffrst
conductivity type in said epfi4 layer. suki, 4. s  impurity 



.oqcnentration of said second sxmitoiduwtar. rejion is hig   i;hn' that of
said This is the rowlmelt aheet Dote:    2 2 NOV S0    .,".  (d)c after
said steps (b). and (b),f      yng .thr          ing said *    ; $mrfacC (i
said epitaxial tayer. a   e    wbide 1*1li * Jtjs4 plting film of a ML4T.
. . '~~~~~~~~                      .<,, ', ',    ',,'" ;b'  . .52 (New). A
process for a. semicondvctor,; 4Dt8Xrattp'd ".rUi t ldvice ' ording to
claim '51; wherein each ..tid fitston and . 14i.second semicondnctor region
hMs 'q  ipr    Qaojo- higher than :thatLof aid. semiconductor substrate
bodb .. 



:'   "  .4.4                    .     :. ,' '  ,   : . ::  :.  ;  :  . :. *
P 53 ,(New). A process forta semricid    r    4 4  .4   v, .A'C&ding  to
claim 51, wherein an iznwizty CppqO4*af iq fs  1 i3 "q iiconductor
substrate 'body is a.*a'dte.ton fl.XtO l'tt 4t i.*1. 'to I XI O
Xtains~~~~~~sm3.   .     . ~~~~~.  :4'  .    ;; 4    , :.:. c
'Cix  '-devi~~~.44.'4   " (46*n.s/m .,                              ;: . ,4
..   . :. 54 (ew). A procest for a.semQlietOd4Ctor1i te'%r4'.e;      Weice
. dcrdiag to claim 51,, furher   m         the steps. "O:  ';.,j' ; fotming
a first gate. electrode ofa 'tit MflUTatid      za     ~ulating :ilm over
said first somicondtictor regi'oi  Wd 'a xei4 jstba:eoe1trode of a iWnd:
WISFET on said' gkte insulatin  .E1uove sM4   r: waitcdncmuctor .4 1'  .
.             '~  .;     4 -send  *r Ve~~ds4 in4  s      4d- wW'14 44 



;.formting afipair of sencoinducbo   Ygoi  dd  eft.l8ek.;oyer said 'fujst
-seionductor region sen~ing mb;*.'Qu      -ioniid, .a- Wprigion of 'W~d rst
MISFMand having :acoudiiit  typo  p'ptZF                     fsaid first
.4ielconductor region;.                                     .. -ftorming a
pair of semiconductor 'tg'jos, in zstad  p#x41t. -layer over said .fjqnd
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55 (New). A process for a semiconductor  integrated      integrated circuit
device according to claim   4, further comprising the  step of forming an
element isolating insulating in said epitaxial  layer over said first
semiconductor region and said second         semiconductor           region
56 (New). A process  for a semi-conductor integrated     circuit device
according to claim, 55, further comprising the step   of forming a first
channel                      within said epitaxial layer said first
semiconductor region under  said element isolating and a second channel
stopper    region             said epitaxial    layer over      said second
semiconductor region, under said   element isolating film, wherein said
first channel stopper   region has   the same conductivity said first
channel stopper region has the same conductivity type  as said first
semiconductor  region and has an impurity   concentration than   4n that of
said epitaxial             layer 



wherein said second channel stopper region has         conductivity type as
said second semiconductor region has an impurity higher    than that of
said epitaxial layer 57  (New). A process for a semiconductor
integrated circuit device according to claim  56, wherein said stopper
region          is in contact with said first semiconductor  region
wherein said second region is in contact  with said second  semiconductor
region region  is in contact with said semiconductor region 8 .(New). A
process for a semiconductor according to  claim  56 wherein a bottom
portion of said insulating film is is in contact with said first    



second semiconductor region.                     . 59 (New). A process for
a semiconductor integrated, circuit device according to claim 58, wherein
said element isolating insulating film is filled in a trench portion formed
in said epitaxial  layer and being in contact with said first semiconductor
region and said second semiconductor region. according to claim 58, wherein
a bottom portion of said element isolating insulating film is in contact
with said semiconductor substrate body. 61 (New). A process for a
semiconductor integrated  circuit device according to claim 55. wherein a
bottom portion of said element insulating film is in contact with said
semiconductor substrate body 62 (New). A process for a semiconductor
intergrated circuit device according to claim 51, wherein  said first
conductor region and said second semiconductor region are formed an
interface portion  between said epitaxial layer and  said semiconductor
subctrate body. 



63 (New). A process for a semiconductor integrated circuit according to
claim 51, wherein said ion-implantion to form said first semiconductor
region and said second semiconductor region is   performed by an energy
enough to introduce said impurities at a  upper  portion of said
semiconductor substrate body. 64 (New). A process for a semiconductor
integrated circuit device according to claim 51, further comprising the
steps of introducing an impurity of said first conductivity type into said
epitaxial    layer over said first semiconductor region  such that an
impurity concentration of said impurity introduction is              that
of  that  of said first conductor region; and                    .
. 



. introducing an impurity of a conductivity opposite to said first
conductivity  type into said epitaxial layer  over said second
semiconductor type   at an impurity concentration  of said impurity
introduction lower than that of said second semiconductor region. 65 (New).
A process for a semiconductor intergrated         circuit device,
comprising the steps of; preparing a semiconductor substrate  body  with
an epitaxial layer which is formed on a main surface of said semiconductor
substrate        body   and which has thickness of 0.3 [err] to. 3 [err]m;
forming by thermally oxidizing said main surface of said epitaxial layer an
oxide film constituting a gate insulating  film of a MISEFET. forming a
gate electrode of a MISFET on said gate insulating film; and forming a pair
of semiconductor regions in said epitexial layer serving -a source region
and a drain region of said MISFET. 



66 (New). A process for a semiconductor integrated circuit device according
to claim 65, wherein an impurity concentration semiconductor substrate body
is a range from 1 x 10          to 1 X 10 atoms/[err] 67 (New) A process.
for a semiconductor integrated circuit device according to claim 65,
further comprising steps of: before said oxide film forming step  impurity
an  impurity by using -implantation to form a first step        introducing
an              layer    such that an impurity concentration of said  first
semiconductor    region higher than that of said epitaxial layer and
forming an element isolating insulating in said epitaxial layer, 



wherein said first semiconductor region has a conductivity   type
opposite to that of said first semiconductor region, wherein a bottom
portion of said element isolating insulating film is in contact   with said
first semiconductor  region. 68 (New). A process for a semiconductor
integrated circuit device according to claim 67, wherein a bottom portion
of said element  isolating insulting film is in contact with said
semiconuctor substrate body. ,68 (New). A process for a semiconductor
substrate (New). A processto claim 67, wherein semiconductor
integrated  device at an interface portion  between said       layer and
siad substrate body. ' 70 (NEW. A process for a semiconductor integrated
device according to claim 67, wherein said ion implantation to form said
first 



semiconductor region is performed by        energy   said 71 (New). A
process for a semiconductor integrated circuit device according claim  67,
wherein an impurity    concentration semiconductor region region is higher
than that of said semiconductor body. 72 (New). A process for a
semiconductor integrated circuit  device    according to claim 65, further
comprising the step of before said gate electrode forming step, including
an   of a conductivity type opposite to. that of said pair of said
semiconductor regions in said epitaxial layer. 73 (New). A process for a
semiconductor integrated circuit 



according to claim 65, further comprising the  step of forming apunch
through st         region at a position of a predetermined  depth in said
epitaxial layer such that said  punch through stopper region has an
opposite conductivity type to a conductivity type of' said pair of said
semiconductor regions and such that said through stopper region has an
impurity  concentration  higher than that of said epitaxial layer, wherin a
potrion of said epitaxial positioned over said  punch through stopper
region and a portion of said epitaxial  layer positioned under said punch
through stopper region have an impurity concentration lower than  that of
said punch through stopper 74 (New), A process for a semiconductor
integrated circuit according to claim 73, wherein said punch through
stopper region is  is formed to be in contact with said pair of said
semiconductor regions. 



75 (New). A process: for semiconductor integrated circuit  device according
to claim 73, further comprising step of: forming side wall spacers on side
surfaces of said gate eletrode of said MISFET wherein each of said
semiconductor region includes a first doped subregion of relatively low
impurity consentration and a second :doped    subregion of relatively high
impurity concentration  such that said first doped subregion is formed
between said doped subregion  and a channel  forming region of said.
MISFET; said first doped subregions are formed in self-alignment with said
gate electrode. 



said second doped subregions are formed  in self-alignment with said side
wall spacers. 76 (New). A process, for a semiconductor integrated circuit
device comprising the steps of: preparing a semiconductor substrare body.
with an epitaxial which is formed on a main surface of said semiconductor
substrate body and which has a thickness of 0.3 [err] to 3 [err]. forming
by thermally oxidizing said main layer an oxide film constituting a gate
insulating  film of a MISFET. 77 (New). A process for a semiconductor
integrated circuit device according to claim 76, wherein an impurity
concentration of said semiconductor substrate body is a range 1 x 10 [err]
to I X 10 [err] 78 (New). A process for a semiconductor integrated circuit
device 



according to claim 77, wherein a conductivity type  of said epitaxial layer
is the same as that of said semiconductor substrate body. 79 (New). A
semiconductor integrated circuit device comprising; a semiconductor.
substrate body with an epitaxial layer which  is formed main surface of
said semiconductor body and whichhas a    an insulating film constituting
film                       of a MISFET  and including an oxide film formed
by thermally oxidizing said surface of said epitaxial layer. 80 (New). A
semiconductor integrated circuit  claim 79. wherein an impurity
concentration  of said semiconduction substrate body A semiconductor
integrated    circuit    device    according to claim 



80, wherein a  conductivity type of said epitaxial            same as that
of semiconductor body 82 (New). A process for a semiconductor  wafer
comprising step of: forming an epitaxal layer which has a thickness of 0.5
[err] to [err] main surface of a semiconductor substrate (New). A process
for a semiconductor wafer according to claim 82, wherein    an impurity
concentration of said      is a 34 (New). A process for a semiconductor
wafer according  to claim 83, wherein  a conductivity  type of said
epitaxial is the same as that of said semiconductor substrate body. 85
(New). A semiconductor wafer comprising a semiconductor substrate body and
an epitaxial layer formed on a main surface     of said semiconductor  



133 86 (New). A semiconductor wafer according to claim 85, wherein an
impurity concentration of said semiconductor substrate body is a range from
[err]  [err]  to I [err]  [err]. . 87 (New). A semiconductor wafer
according to claim 86,wherein a conductivity type of said epitaxial layer
is the same as that of said semiconductor substrate body.       .    




























