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SPECIFICATION

The present application relates to U.S. Serial
No. 08/508,483 , as filed before U.S. Patent Office

on July 28, 1995.

TITLE OF THE INVENTION'

Semiconductor Infegrated Circuit Device and

Process for Manufacturing the Same

BACKGROUND OF THE INVENTION

The presént_invéntion relates to a semiconductor;
integrated circuit device and a technique for
manufacturing the same. More particuiarly, the
present inventién relates to a semiconduétor
integrated circuit-device having an epitaxial layer
formed over the surface of a semiconductor substrate
body and a technique effective if applied_to a
procéssor for manufacturing the same.

Thére has been progressed.a_technique'for
manufacturing a semiconductor integrated circuit
device in which an epitaxial layer (a semiconductor
single crystal layer) is formed over a mirror-finished
semiconductor substrate'body and is formed with a

predetermined semiconductor integrated circuit



—— s

10

15

20

25

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;
and the gate insulating film to be formed 6ver'the
epitagial 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,
on pp. 761 to 763 of "Applied Physics, Vol. 60, Edit.
8" of Association of Applied Physics, issued on August
10, 1991.

This publication déscribes a semiconductor
integrated circuit device constructed such that there
is formed over a p'(or n')-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
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:

epitaxial layer so that its impurity concentration has
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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
epitaxial layer_is formed over a p-type semiconductor
substrate and suéh 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 précess for
forming the well by introducing a well forming
impurity into the semiconductor substrate body éhd
subsequeﬁtly by growing the epitaxiél layer over the
semiconductor substrate body hhile diffusing the well
forming impurity in the upper portion of the -
semiconductor substrate body.

Incidentally, the impurity concentration of.this
case ié distribﬁted to form a mountainous curve having
its peak in the boundary between the epitaxial layer
and the semiconductor substrate body, that is, the
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.

SUMMARY OF THE INVENTION
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However, we have found out that the technique
described above has the following pfoblems.

A first problem is that the element is liable.to
have characteristic fluctuations. Since the element
is formed in the well, according to the aforementioned
technique, the impurity in the wéll will fluctuate the
element characteristics such as the threshold wvoltage
or the substrate effect.

A second problem is that the well has to set its
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
device. Specifically, since the element is formed in
the well, according to that technique, the
fluctuations of the threshold voltage and the
substrate effect cbﬁstant aré increased in the
MOS* FET, .for example, to make it difficult to design

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.

Specifically, the junction capacity in the wiring line
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. 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
has its physical size reduced according to a constant
coefficieht 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 increése in the junction capacity per unit area
of the semiconductor iegion for the source/drain over
the semiconductor substrate.

A fifth problem is that a thermal treatment at a
high temperature apd for é long time period is
required for forming the well. Specifically, in order.
to raise the breakdown voltage (or punch-through
voitage) 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
is adopted is to deepen the wéll 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

forming the well.
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An object of the presént invention is to provide
a technique capable of improving the setting accuracy
of element characteristics.

An object of the present invention is to provide

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.

An object of the present invention is to provide
a technique capable 6f 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

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
a technique capable of improving thé 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'

reference to the accompanying drawings.



10

15

20

25

The representative ones of the invention to be
disclosed herein will be'briéfly summarized in the
following.

Specifically, according to the present.invention,
there is provided a semiconductor integrated ciréuit
device which is characterized: iﬁ that a first region
confaining a first impurity of a predetermined
conduction type for forming a PN junction is formed
over the principal plane of a semiconductor substrate
body:; in that an epitaxial layer containing an
impurity in a lower concentration than that of first
region is formed over the semiconductof substrate
body; and in that an element isolating portion is
formed in the epitaxiai layer within an element
isolating region over the sémiconduqtor substrate
havihg the bottom portion at which the PN juncfion
terminates.

In the semiconductor intégrated circuit device of
the present invention, moreover, the e;ement isolating
portion is formed by a channel extending to the upper
portion of the semicqnductor 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

oxidation method.
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In the semiEbndudtor 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-

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
epitaxial layer.

In the sehiconductor 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
attached to an input circuit conétituting 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
the present invention, moreover, of the epitaxial
layer, the epitaxial layer in a memory cell forming
reéidn has its impurity concentratioh set higher than -
that of the epitaxial layer in an element forming
region for an internal circuit.

In the semiconductor integrated circuit device of
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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
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
the present invention, comprises the following steps
(a) to (e):

(a) the step of dopihg a semiconductor substrate body
with the first impurity before the epitaxial layer is
formed;

(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 substrafe body
doped with the first impurity and the second impurity:;
(d) the step of a cap film over the surface of the
epita#ial layer; and

(e) fhe step of forming the first region and the
second region by subjecting the semiconductor |

substrate body formed with the cap film to a thermal
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diffusion treatment.

Moreover, a process for manufacturing a
semiconductor integrated circuit device according to
the present invention, comprises the following steps
(a') to (£'):

(a') the step of doping a semiconductor substrate
body with the first impurity before thé-epitaxial
layer is formed; . |

(b') the step of doping the semiconductor substrate
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
impurity and the éecond 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;

(e') the steé of forming a cap film 6ver the surface
of the epitaxial layer; and

(£') the step of forming the first region and the
second region by subjecting the semiconductor
substrate body formed with the epitaxial layer to a

thermal diffusion treatment.
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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
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
ccn 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
elemenf characteristics can be improved. -

According to the semiconductor integrated circuit
device of the present invention, moreover, the
predeterﬁined 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
imprcved and so that the junction capacity of the
semiconductor regions forming the predetermined

clements can be reduced. Thus, it is possible to

'fmprove the action speed of the semiconductor

integrated circuit device.

Accordiﬁg to the semiconductor integrated circuit
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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
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.

According to the semiconductor integrated circuit
device of the present invéntion, 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
voltage of the gate insulating film can be improved,
and the first region and the second region can have
their impurity conéentrations 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.

According to the semiconductor integrated circuit
device of the present invention, moreover, the element
isolating‘portion is formed into the channel shape.

As a result, even if the epitaxial layer is
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considerably thick, the element isolating portion
capable of isolating the epitaxial layer individually
for the elément forming regions can be formed without
increasing the area occuﬁied by the element isolating
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
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.

A&cording to the semiconductor integrated circuit
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
for the punch-through stoppér. As a result, it is
possible to prevént the punch-through phenomenon
between the sources and'drains of the MIS'FETs. On
the other hand, the depletion layef depthwise

extending from the source/drain can have its extension .

- suppressed in the first region or the second region to
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prevent the punch-through bétween the source and the
drain.

According to the semiconductor integrated circuit
device of the present invention, moreover, the
epitaxial layer in the element forming region for the
electrostatic protection circuit attached fo 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
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 prévent 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

¥feduction of the electrostatic breakdown voltage of

the electrostatic protection circuit.

According to the semiconductor integrated circuit
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

internal circuit. As a result, it is-possible to
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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 invaaing the information
holding portion. As a result, it is possible to
prevent the drop of the memory holding characteristics
of the semicqnductor integrated cifcuit_device having
the memory cells. |
According to the semiconductor integrated circuit
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
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.

Accordihg 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

semiconductor substrate body surface layer can be
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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

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
the diffusion furnace during the diffusion treating
step while preventing the epitaxial layer from being
doped with thé impurities having diffused. Thus, it
is possible to improve the accuracy of setting the

impurity concentration in the epitaxial layer.

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 inventién;

Fig. 2 is a circuit diagram showing an example of
application of the semiconductor intégrated circuit
device of Fig. 1;

Fig. 3 is a section shbwing an essential portion
of the semiconductor integrated circﬁit device'of Fig.

1l at a manufacture step;
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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
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;

Fig. 7 is a section showing an essential portion
of the sgmiconductor integrated circuit device of Fig.
1l 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.
1 at a manufacture step subséquent 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.manufactﬁre step subsequent to that of Fig. 8;
Fig. 10 is a sectidn showing an essential portion
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 fo thaf of Fig. 10;

- Fig. 12 is a section showing an essential portion
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a semiconductor integrated circuit device according
another embodiment of the present invention;

Fig. 13 is a section showing an essential portion
a semiconductor integrated circuit device acdording
still another embodiment of the present invention;

Fig. 14 is a section showing an essential portion
a semiconductor integrated circuit device according
a further embodiment of the present invention;

Fig. 15 is a section showing an essential portion
a semiconductor integrated-circuit device according
a further embodiment of the present invention;

Fig. 16 is a section showing an essential portion
a semiconductor integrated circuit device according
a further embodiment of the present invention;

Fig3u17 is a section showing an essential portibn
a semiconductor integrated circuit device according
a further embodiment of the present invention;

Fig. 18 is a section showing an essential portion
a semiconductor integrated circuit device according
a further embodiment of the present iﬁvention;

Fig. 19 is a section showing an essential portion
the semiconductor inteérated circuit device of Fig.
at a manufacture step;

Fig. 20 is a séction showing an esseﬁtial'portion

the semiconductor integrated circuit device of Fig.
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18 at a manufacture step subsequent to that of

- 19;

Fig. 21 is a section showing an essential
of the semiconductor integrated circuit device
18 at a manufacture step subséquent to that of
20; |

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

Fig. 23 is a section showing an essential
of the semiconductor integréfed circuit device
18 at a manufacture step subsequent to that of
22;

Fig. 24 is a section showing an essential

Fig.

portion
of Fig.

Fig.

portion
of Fig.

Fig.
portion
of Fig.

Fig.

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

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:

Fig. 27 is a section showing an essential portion
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of the semiconductor integréted 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
of the semiconductor integrated circuit device of the
further embodiment of the presént 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 dewvice of the
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 eﬁbodiment of the present invention at a
manufactﬁre 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;

Fig. 32 is a section showihg an essential portion
of the semiconductor integrated circuit device of the
further embodimenf,of the'present invention at a
manufacture step subsequent to that of Fig. 31;

Fig. 33 is a section showing aﬁ essential. portion

oﬁ the semiconductor integrated ciréuit device of the
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further embodiment of the present invention at a
manufacture step subsequent to that of Fié. 32;

Fig. 34 is a section showing an essential portion
of the semiconductor integrated circuit device of the
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:;

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
of the semiconductor integrafed 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
further embodiment df the present invention at a
manufacture step subsequenf 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

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

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

substrate in the semiconductor integrated circuit

device of the present invention;

Fig. 43 is a section showing an essential portion
of a semiconductor integréted circuit dewvice according
to a further embodiment of the preéent invention;

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 portioﬁ
of a semiconductor integrated circuit device according

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

with reference to the accompanying drawings.
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(Embodiment 1)

Fig. 1 is a section showing an essential portion
of a semiconductor integrated circuit device according
to one embodiment qf the present invention; Fig. 2 is
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.

As shbwn 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
(6r a single crystalline semiconductor layer) 2E
formed over the semiconductor substrate body 2S.

This semiconductor substrate body 2S is made of a
p'-type silicon (Si) single crystal having a specific
resistance of 10 Qcm and a thickness of about 500 pm,

for example. Specifically, the semiconductor

. substrate body 2S is homogeneously doped with a'p-type

impurity such as boron (B) in a dosage of about 1 x
10 to 10 x 10 atoms/cm®, preferably 1.3 x 10
atoms/cm®.

In the upper portion of the semicohductor'

subst:ate body 2S, there are formed semiconductor
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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 wifh
impurities of different conduction types to form a PN
junction J.

The well 3a is doped with an n-type impﬁrity 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
as high as a surface concentration of about 1 x 10%7
atoms/cm® 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.

In the present embodiment 1,'therefore, a punch-
through voltage betweén the drain of a MOS:-FET and the

semiconductor substrate body 2S can bg'raised even if

- the wells 3a and 3b are not so deep. Moreover, the

wells 3a and 3b can have their impurity concentrations
set so high as to improve the latch-up breakdown
voltage and the soft-error breakdown'volfage.

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

- region, as enclosed by an element isolating insulating
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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) O5SN.

The epitaxial layer 2E is made of a single
crystalline Si having such a thickness, e.g., 0.3 pm
to 3 ym as fo retain the device characteristics and
the reliability of tﬁe gate insulating film and as to
allow the bottom portion of the field insulating film
4 to contact with the upper portion of the
semiconductor substrate body 2S.

Of the epitaxial layer 2E, an epitaxial layer 2El1
over the well 3a is doped with an n-type impurity such
as phqéphor in én impurity concentration of 1 x 10%° to
10 x 10 atoms/cm®, preferably 1.3 x 10'° atoms/cmd.

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 2El of 1 x 10Y to
10 x 10“_atoms/cm3,.preferably 1.3 x 10* atoms/cm®. 1In
short, both the impurity concentrations of the

epitaxial layers 2El1 and 2E2 are set lower than those

of their underlying wells 3a and 3b.

Thus, in the present embodiment 1, the heavily

doped wells 3a and 3b are overlain by the lightly
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doped epitaxial layer 2E, which is formed with the
pMOS 5P and the nMOS 5N over its epitaxial layers 2E1l
and 2E2, so that the following first to fifth effects
can be achieved.

Firstly, the fluctuation of the element
characteristics caﬁ 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
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
semiconductof substrate body 2S.

-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
imprbve the tailing characteristics of the pMOS 5P and
the nMQOS 5N accqrdingly. Moreover, since the channel
forming region is formed.éver the lightly doped
epitaxial layer 2E, the inversion layer has its width
enlarged to reduce the surface scattering so that the

carrier mobility can be enhanced.
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Thirdly, the circuit design of the semiconductor
integrated circuit device éan be facilitated. This is
because the substrate effect can be lowered by forming
the pMOS 5P and the nMOS 5N are formed over fhe
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 SN
so that the they can be set higher than those of the
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 punchfthrough
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
concentratiohs set to higher lewvels than those of the
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

the junction breakdown voltage of the drain can be
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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
film such as silicon oxide (Si0,), 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
necessity for forming the channel stopper for setting
a high threshold voltage againsf the parasitic MOS- FET
below the field insulating film 4. In other words,
the field insulating film 4 is extended over thé
semiconductor substrate body 2S more deeply than Ehe
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,
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 vo;tage is regulated by
the overlapping portion between éhe drain end portion

and the end portion of the channel stopper so that the
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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

- nMOS 5N form a CMOS circuit.

The pMOS 5P has the following components: a pair
of semiconductor regions (or sevénth regions) 5Pl and
5P2 formed in the upper portion of thg_epitaxial layer
2E and spaced from each other; a pundh—through stopper -
semiconductor region (or eighth region) 5P3 formed
betweeﬁ 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-

through stopper semiconductor region may be

abbreviated to the punch-through stopper.

The semiconductor regions 5Pl 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.
The impurity concentrations of the semiconductor
regions S5P1 and 5P2 are about 0.5 x 10% to.S x 10%
atoms/cm®, preferably 1 x 10 atoms/cm®.

The semiconductor regions 5P1 and 5P2 are given
such a thickness of about 0.1 pm as to come within the

range of the fhickness of the epitaxial layer 2E. 1In
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this case, the regions having the maximum impurity

concentrations are as deep as about 0.04 pm to 0.07

pm.

The punch-through stopper 5P3 is a semiconductor
region which is formed to improve the punch-through
breakdown wvoltage between the semiconductor regions
5P1 and 5P2, so that the punch-through breakdown
voltage between the source and the drain can be
improved. Speéifically, since the semiconductor

regions 5P1 and 5P2 are formed in the lightly doped

-epitaxial layer 2E1l, the punch-through stopper 5P3 is

effective to improve the punch-through breakdown
voltage.

The punch-through stopper 5P3 is doped with an
n-type impurity such as phosphor. The.punch—through
stopper 5P3 has an impurity concentration higher than
that of the epitaxial layer 2E1l, as exemplified by 5 x
10'® to 1 x 10*® atoms/cm?®, preferably 2 x 10*7 atoms/
¢m®*. The depth of the punch-through stopper 5P3 is so
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 5Pl and 5P2 can have its extension

suppressed by the well 3a to improve the punch-through
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breakdown voltage between the source and the drain.

The gate insulating film 5P4 is made of Sio, (or a
silicon oxide film) having a thickness of about 180
angstroms and formed o&er the epitaxial layer 2E. As
a result, the following first and second effects can
be achieved.

Firstly, the gate insulating film 5P4 can ha&e
its quality improved to raise its breakdown voltage.
Sgcondly, the gate insulating film 5P4 can also have
its defect density (i.e., the number of defects to be
caused within a prgdepermined range) impro&ed.(or
reduced) by one figure or more. Incidentally, the
gate insulating film S5P4 is formed by thermally
oxidizing the epitaxial lafer 2E, for example.
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. , @s applied before U.S. Patent
Officg_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 1ow_reéistance.

However, the gate'electrode 5P5 should not be limited
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to the low-resistance poly-silicon single film but
could be modified in sucﬁ various manners as to have a
structure in which a silicide film of WSi, (or tungsten
silicide) overlies the low-resistance poly-silicon
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
othe;; a punch-through stopper semiconductor region
(6r eighth region) 5N3 formed between the paired |
semiconductor regions S5N1 and 5N2; a gate insulating
film 5N4 formed over the epitaxial layer 2E; an& a

gate electrode SN5 formed over the gate insulating

| film 5N4. Incidentally, the punch-through stopper

semiconductor region may be abbreviated to the punch¥
through stopper.

The semiconauctor regions 5N1 and 5N2 are regions
for forming the source/drain regions of the pMOS 5N
apd are doped with an n-type impurity such as phosphor
or arsenic (As). The impurity concentrations of the
semiconductor regions S5N1 and 5N2 are about 0.5 x 10%
to 5 x 10 atoms/cm®, preferably 1 x 10?° atoms/cm3.

The semiconductqr regions 5N1 and 5N2 are given

such a thickness of about 0.1 pm as to come within the
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range of the thickness of the epitaxial layer 2E. 1In
this case, the regions having the maximum impurity
concentrations are as'déep as about 0.04 pm to 0.07
Hm.

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
region which is formed to improve the punch-through
breakdown voltage between the semiconducfor 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
depletion layer. Specifically, since the
semiconductor regibns SN1 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.

The punch-through stopper 5N3 is doped with an
n-type impurity such as phosphor. The punch-through
stopper 5N3 has an impu;ity concentfation higher than
that of the epitaxial layer 2E2, as exemplified by 5 x
10%® to 1 x 10® atoms/cm®, preferably 2 x 10*’ atoms/

cm®. The depth of the punch-through stopper 5N3 is so
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set that the peak region of the impurity concentration
may be located midway of the depth of the semi-
conductor regions 5Ni and 5N2. On the other hand, the
depletion layer to extend depthwise from the semi-

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 SiO, (or a
silicon oxide film) having a thickness of about 180
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 gaﬁe insulating film 5N4 can
have its quality improved to raise its breakdown
voltage, and the gate insulating film 5N4 can also
have its defect density imprbved by one figure or
more.

The gate electrode 5N5 is made of a film of a
poly-silicon single iayer 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 WSi, (or tungsten

silicide) overlies the low-resistance poly-silicon
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film.

On this semiconductor substrate 2, there is
deposited an insulating.film 6 which is made of SioO,,
for example. This insulating film is formed in
predeterﬁined 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
of the pMOS 5P are electrically connected through the
connection holes 7 with electrodes 8Pl and 8P2,
respectively. Moreover, the semiconductor regioné 5N1
and 5N2 of the nMOS 5N are electrically connected
through the connection holes 7 with electrodes 8Nl and
8N2, respectively. The electrodes 8P2 and 8N2 are

formed integrally with a first-layer wiring line 8L.

‘These electrodes 8Pl1, 8P2, 9N1 and 8N2 and the first-

layer wiring line 8L are formed of a metal film which
is made of an aluminum (A¢)-Si-Copper (Cu) alloy, for
example.

On the insulating film 6, there is depbsited a
surface protecting film 9 which is formed by
laminating a Si0, film (or silicon oxide fiim).and a
silicon nitride (Si,;N,) film sequentially in the

recited order from the bottom so that the electrodes
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8P1, 8P2, BNl and 8N2 and the first-layer wiring line
8L are coated. Incidentally, this semiconductor
substrate 2 is sealed with the not-shown package
resin.

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.

This differential amplifier 10 is composed of
pMOSes 5Pa and 5Pb as load elements. |

Input'elements ﬁMOSes 5Na and 5Nb have their.
respective gate electrodes electrically connected with
input terminals IN1l and IN2. An nMOS 5Nc is an
element for a constant current circuit.

The pMOS 5Pa and nMOS 5Na are connected in series
between a supply voitage VDD and the nMOS 5Na
composing the constant current circuit. Moreover; the
nMOS 5Pb and the nMOS 5Nb are connected in series
between the supply voltage VDD and the nMOS 5Na
composing the constant'currenf circuit._ Incidentally,
the wiring line for connecting the pMOS 5Pb and the

nMOS 5Nb is electrically connected with an output

terminal OUT.

The pMOSes 5Pa and 5Pb have their gate electrodes



10

-15

20

25

37

~ electrically connected with each other and with a

wiring line for connecting the pMOS 5Pa and the nMOS
5Na electrically.

Ne#t, a method of manufacturing the semiconductor
integrated circuit device of the present embodiment 1
will bé 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
having a specific resistance of 10 Qcm and a thickness'
of 500 ym, for éxample, is prepared, as shown in Fig.
3. This semiconductor substraté body 2S is doped with
a p-type impurity of boron in a dosage of 1 x 10 to
10 x 10'% atoms/cm®, preferably 1.3 x 10'® atoms/cm®, for
example.

Subsequently, the semicbnducfor substrate body 2S
is formed on its principal plane with an insulating
film of SiO, by the thermal oxidation, and an
insulating film of Si,N, is then deposited on the
former insulating film by the CVD (Chemicél Vapor
Deposition)lmethod. Of those insulating films,
moreover, the n-well forming region is removed by the
photolithography and the etching technique to form
insulating film patterns 1lla and 1l1lb.

After this, these insulating film patterns lla
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and 1lb 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

oxidized to form the well 3a containing the n-type
impurity'oéer the semiconductor substrate body 2S, as
shown in Fig. 4.

Incidentally, at this treatﬁent, the exposed
portion of the semiconductor substrate body 2S in the
n-well forming fegion is formed with a thick
insulating £film 12 of Si0,, for example.

Next, after the insulating film patterns lla and
11b have been removed, the insulating £ilm 12 is used
as the mask to implant the principal plane of the
semiconductor substrate body ZS 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
semiconductor sgbstiate body 2S.

Here, the wells 3a and 3b can have their impurity

'concentrations set to a level as high as 1 x 10%7

atoms/cm® or more. In the present embodiment 1,
moreover, the punch-through breakdown'voltage between

the drain. of the MOS: FET and the semiconductor
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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
latch-up resistance and the éoft-error'resistancé.
'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 (H,) gases, to form the
epitaxial iayer 2E of the so-called "non-doped" single
crystalline Si, which has a thickness of about 0.3 to
3.0 pm but contains no impurity, over the principal
plane of the semiconductor substrate body 28, as shown

in Fig. 6. Thus, there is formed the semiconductor

.substrate 2 in which the epitaxial'layer 2E is

laminated over the semiconductor substrate body ZSQ

Aftef this, as shown in Fig. 7, the semiconductor
sﬁbstrate 2 is subjected to the LOCOS (Local Oxidatibn
of Silicon) oxidation to fofm the field insulating |
film 4 in the element isolating region. Here in the
present embodiment 1, the bottom portion of the fiéld
insulating film 4 reaches the upper portion of'the
semiconductor substrate body 2S.

- In the present embodiment-l, however, the:

impurity concentrations of the wells 3a and 3b can be
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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
for forming the channel stopper can be reduced to
shorten thé time period for manufacturing the
semiconductor integrated circuit device. Moreover,
since the parasitic capacity to be caused by the
channel stopper caﬁ be eliminated, the action speed of
the semiconductor integrated circuit device can be
improved._ Still moreover, although the drain
breakdown wvoltage is regulated by the superposed
portions between the drain end portion and the end
portion of the channel stopper, this channel stopper

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 2El1 over the

well 3a with the ions of an n-type impurity such as
pﬁosphor. Thé dosage at this time is about 1 x 104
ions/cm?. Here, the photoresist pattern 13a is formed
of -a photoresist film.

Subsequently, the photoreéist pattern 13a-is

removed, and the (not-shown) photoresist pattern for
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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
10! ions/cm?.

After this, the semicondudtor substrate 2 is
subjected to a thermal treatment to set the impurity
concentrations of the epitaxial layers 2El1 and 2E2 to
preset values thereby to control the electric
characteristics such as the threshold voltage Vth of
the MOS-FET to be formed in fhat region.

Here, the epitaxial layers 2El1 and 2E2 are doped

all over their regions with the impurity. However,

the doping should not be limited thereto, but the
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
formed thereover with the (not-shown) photoresist
pattern through which the region of the epitaxial
layer 2E1 is exposed, and this photoreéist pattern.is
used as the mask for implanting the epitaxial layer
2E1 with the ions of an n-tYpe impurity such as

phosphor through the (not-shown) through film. The
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dosage at this time is about 1 x 10*? ions/cm?.

Subsequently, after the photoresist pattern has
been removed, the (not-shown) photorésist pattern,
through which the region of the epitaxial layer 2E2 is
exposed, is formed and used as the mask to implént 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 10* ions/cm?.

Aftgr-this, the semiconductor substrate 2 is
subjected to the.thermal treatment to form the punch-
through stoppers SP3 and 5N3 in the epitaxial layer
2E, as shown in Fig.;s. 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
0.05.pm from the principa; plane of the epitaxial'
layer 2E. Here, the through film is formed of a
silicon oxide f£ilm, for example, by the fhermal
oxidation or the CVD method.

Next, after the aforementioned through films have
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 conductgr film of low-
resistaﬁée poly-silicon has béen deposited on the

semiconductor substrate 2 by the CVD method or the
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like, it is patterned by the photolithography or fhe
CVD method to form the gate electrodes 5P5 and 5N5
over the gate insulating films 5P4 and 5N4, as shown
in Fig. 10.

After this, the paired semiconductor regions SP1,
5P2, 5N1 and 5N2 are formed in seif-alignment with the
gate electrodes 5P5 and 5N5 by doping impurities of
different conduction types into the epitaxial layers
2El1 and 2E2 by using the gate electrodes SP5 and 5N5
as the different photoresist masks. Thus, the pMOS 5P
is formed over the epitaxial layer 2El1, and the nMOS
SN is formed over the epitaxial layer -2E2.

The impurity concentrations of those
semiconductor regions 5P1, 5P2, 5N1 and 5N2_are about
0.5 x 10* to 5 x 10®° atoms/cm®, preferably 1 x 10%
atoms/cm®. Moreover, the semiconductor regions 5P1,
5P2, 5N1 and 5N2 have their bottom portions set deeper
than the punch-through stoppers 5P3 and $N3 but
shallower than the wells 3a and 3b.

Next, as shown in Fig. 11, fhe insulating film 6
of Si0,, 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 connectibn holes 7 for exposing the

semiconductor regions 5P1, 5P2, 5N1 and 5N2 by the
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photolithography and the etching technique.

Subsequently, there is deposited on the
semiconductor substrate 2 the conductor film of an
A¢-Si-Cu alloy by the sputtering method or the
evaporation method. After this, the conductor film is
patterned by the photolithography or the etching
technique, to form the electrodes 8P1, 8P2, 8Nl and
8N2 and the first-layer wiring line 8L, as shown in
Fig. 1. |

After this, the-SiO2 film and the Si,N, film are
sequentially laminated in the recited order from the
bottom over the semiconductor substrate 2. After
this, the surface passivatioﬁ film 9 is partially
formed with bonding pad connection holes to end the
manufacture of the semiconductor integrated circuit
device.

Thus, the following effects can be achieved
according to the prgsent embodiment 1:
(1)' The heavily doped wells 3a and 3b are overlaih by
the lightly doped epitaxial layer 2E having the
epitaxial layers 2El 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 effecté)'accurately

set without being influenced by the impurities in the
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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.
(2) The pMOS 5P and the nMOS 5N are mounted on the
lightly doped epitaxial layers 2El1 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
carrier mobility. As a result, it is possible to
improve the action speed of the semiconductqr
integrated circuit device.

(3) The pMOS 5p, the nMOS SN and so on are formed in
the epitaxial layer 2E. As a resulf, it is possible
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
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.

(5) Thanks.to the aforementioned effect (4), it is
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possible to improve the latch-up resistance of the
CMOS circuit.

(6) Thanks to the aforementioned effect (5), it is
possible to ﬁake the circuit layout'design sufficient
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
the semiconductdr 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
possible to make the wells 3a and 3b shallower than
those of the pribr 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
period can be shortened from six hours inlthe prior
art to about thirty minutes.

(;1) Thanks to the aforementioned effect (10), it is
possible to drasticaliy reduce the warp and the

crystal defect of the semiconductor substrate body 2S

due to the thermal treatment.
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(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
eliminated. This makes it possible to shorten the
time period for manufacturing the semiconductor
integrated circuit device.

(13) Thanks to the aforementioned effect (4f, no
channel stopper need be formed below the field
inéulating 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 thé impurity introduction.
(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
semiconductor integrated circuif device.

(15) Thanks to the aforementioned effect (4), no
channel stopper need be forﬁed below the field'
insulating film 4. As a result, it is possible to
improve the drain breakdown voltage which is regulatéd

by the superposed portion between the drain end.
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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
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
their breakdown voltages.

(18) The gate insulating films 5P4 and 5N4 of the
pPMOS 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

or more.

(19) The pMOS 5P and the nMOS 5N formed in the
lightly doped epitaxial layer 2E are formed with thé
punch-through stoppers 5P3 and 5N3, respectively, so
that the punch-through breakdown voltages between the
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 structﬁre so that the
film qualities of the gate ihsulating films of the

pMOSes SPa and 5Pb and the nMOSes SNa to 5Nc composing
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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
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
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 6f_
the MOS:FETs having the present structure so that the
substrate effect can be reduced to determine the
threshold wvoltage 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.

(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 SNc composing the differential amplifier _
10 are formed in the lightly doped epitaxial layer 2E.

As a result, the sub-threshold coefficient in the low



10

15

20

25

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
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 SN3 and the gate insulating films S5P4
and 5N4. As a result, it is possible to increase the
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.

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,
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

of either the MOS-FETs or the horizontal bipolar
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transistors which are parasitically formed below the
field insulating f£ilm.

In this case, the majority carriers tq be
produced by the avalanche phenomenon of the collector/
base junction generate the base current, to discharge
the minority carriérs by driving the bipolar
transistors.

In case, however, the structure of the foregoing
embodiment 1 is applied to a semiconductor integrated

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. 1In other

words, the impurity concentration may be uneven in the

depthwise direction of the semiconductor substrate.
Especially the horizontal bipolar transiétor, as
formed below the MOS: FET, never fails to have that
distribution.

Moreover, this impurity distribution causes a
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 colléctor/base junction so that the dielectric
breakdown voltage in the elements for the

electrostatic protection circuit drops.
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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 ah internal circuit region A, and

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
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 10! to 5
x 10'7 atoms/cm®, preferably 2 x 10 atoms/cm’.

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
order to compensate this, the channel stopper 14 is
formed. 'In the remaining points, the cdnstruction is
similar to that of the foregoing embodiment 1.

- The electrostatic protection circuit region B is
formed with a horizontal npn bipolér transistor 15a

and a horizontal pnp bipolar transistor 15b. In the
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present embodiment 2, the epitaxial layers 2E3 and 2E4
in this electrostatic protection circuit region B have
their impurify'concentrations set to equal to or
higher than those of the wells 3a and 3b. In short,
the impurity concentrations of the epitaxial layers
2E3 and 2E4 are set to about 1 x 10! atoms/cm® or
more.

Here, the epitaxial layers 2E3 and 2E4 are formed
to have their impurity distributions set as uniformly
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
the deviation of the minority carriers in tne 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
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
e;ectrostatic breakdown voltage can be prevented from
dropping in the bipolar transistors 15a and 15b for

the electrostatic protection circuit.
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' These epitaxial layers 2E3 and 2E4 have their
impurity concentrations set by the ordinary

photolithography technique and ion implantation

'technique, for example.

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
n-type impurity such.as phosphor through the (not-
shown) through film. The dosage at this time is
exemplified by 1 x 10'® ions/cm?.

Subsequently,-the photoresist pattern is removed,
and the (not-shown) photoresist pattern for exposing
the region of the epitaxial layer 2E4 is then formed
ahd used as the mask to impiant the epitaxial layer
2E4 with é p-type impurity such as boron through the
(not-shqwn) througﬁ film. The dosage at this time is
exemplified by 1 x 10*® ions/cm?.

Affer this, the semiconductor substrate 2 is
subjected to a therma; treatment to set the impurity
concentrations and distributions of the epitaxial
léyers 2E3 and 2E4. _

Thus, in the present embodimént 2, the following

effects can be attained in addition to the effects (1)
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to (11) ahd (16) to (24), as obtained in the foregoing
embodiment 1.

Specifically} the impurity concentrations of the
epitaxial layers 2E3 and 2E4 in the electrostatic
protection circuit region B aré 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
layers 2E3 and 2E4 may be higher in their surface
portions; As a result, it is possible to eliminate
the regions in the epitaxialilayers 2E3 and 2E4, where
the concentrations are locally lower, thereby to
eliminate the deviation of the minority carriers in
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
concentratién can be prevented from occurring in the
epitaxial layers 2E3 and 2E4, to produce a uniform
current flow in the cbllector/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) |

Fig. 13 is a section showing an essential portion
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of a semiconductor integrated circuit device according
to still another embodiment of the present inveﬁtion.

We have specifically investigated the case in
which the structure of the foregoing embodiment 1 is
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.

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 characteristicé are
substantially determined by the amount of charge, as
stored in the capacity-element portion, and the pn
Jjunction leakage.éurreht of the memory circuit, but
have to be considered for the so-called "soft-error
phenomenon", in which thé stored charge disappears due
to the influences of the electron-hole pair to be
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

" junction capacity is small, and there is no impurity
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region of high concentration excepting the wells 3a
and 3b. As a result, no barrier laye; may be for the
carriers produced in the wells 3a and 3b by the alpha
ray, thereby to lower the holding characteristics.

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 tﬁe internal circuit region A,
and.the lefthénd side shows a memory cell array M.

. 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
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
plurality of memory dells 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

16N1 and 16N2 formed over the epitaxial layer 2E and
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spaced from each other; a gate insulating f£ilm 16N3
formed over the epitaxial layer 2E; and a gate
electrode 16N4 fofmed over the gate insulating film
16N3.

The semiconductor regions 16N1 and 16N2 are
regions forming the source/drain regions of the
tranSfer MOS* FET 16 and are doped Qith an n-type
impurity such as phosphor or érsenic.

The impurity concentrations of the semiconductor
regions 16N1 and 16N2 are exemplified by 1 x 10 to 5
x 10%° atoms/cm?, preférably 3 x 10*® atoms/cm®. The
semiconductor regions 16N1 and 16N2 have their depths
set to fall within thé range of the thickness of the
epitaxial layer 2E. In the memory cells of the DRAM,
the source/drain concentration is lower than that of
the MOSFETs composing the peripheral circuits.

One semiconductor region 16Nl is electrically

connecfed-with.a data line 8DL through the connection

‘hole 7 which is formed in the insulating film 6. The

data line 8D1 is made of an Af-Si-Cu alloy, for
example, and is formed simultaneously with thé first-
layer wiring line 8L and so on.

The other semiconductor region 16N2 is
electrically connected with the capacitor'17. ‘This

capacitor 17 is composed of the following components:
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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
over the capacitative insulating film 17b.

The lower electrode 17a is formed of a conductor
film of low-resistance poly-silicon or tungsten
silicide (WSi,). The capacitative insulating film 17b
is formed of an insulating film of éigﬁ or tantalum
qxide (Taos).' Moreover, the upper electrode 1l7c¢ is
formed of a conductor film of low-resistance poly-
silicon or WsS,.

Incidentally, in the'presenfhembodiment 3, the
epitaxial layers 2E5 and 2E6 in this memory cell MC
have their impurity concentrations set equal to or
higher than those of the wells 3a and 3b.
Specificaily, the impurity concentrations of the
epitaxial layers 2E5 and 2E6 are set to 1 x 10”_
atoms/cm® or more. |

As a result, it is possible to increase the
junction capacity éf the epitaxial layers 2ES and 2E6
bgtween the semicohductor regions.lle and 16N2 and
the epitaxial layers 2E5 and 2E6 and to form the
barrier layer for prevent the carriers produced due to

the electron-hole pairs by the alpha ray from invading
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the capacitor 17. As a'result, the memory holding
characteristics from dropping even in case the
structure of the fo;eg;ing embodiment 1 is applied to
the semiconductor integrated circuit devicé having the
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
establishéduﬁy the well 3b and the epitaxial layers
2E5 and 2E6. |

These epitaxial layers 2E5 and 2E6 have their
impurity concenfrations set by the ordinary
photolithography technique and the ion implantation
technique, for example, after the gate insulating
films 5P4, 5N4 and the 16N3 have been formed.

Specificaily, 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,
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 fhis time
is exemplified by 1 x 10 ions/cm?. After this, the

semiconductor substrate 2 is subjected to a thermal
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treatment to set the impurity concentrations and
distributioné 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)
to (11) and (16) to (24), és obtained in the foregoing
embodiment 1.

Specifically, tﬂe impurity concentrations of the
epitaxial layers 2E5 and 2E6 in the memory cell array
M are set equal fo or higher than those of the wells
3a and 3b so that the junction capacity in the
epitaxial layers zés and 2E6 can be increased while
formiﬁg 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
result, it is possible fo prevent the reduction of the
memory holding characteristics of the semiconductor
integrated circuit dévice having the DRAM.

(Embodiment 4)

Fig. 14 is a section showing an essential portion
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

same DRAM as that of the foregoing embodiment 3. In
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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
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 bélow the semiconductor
region 16Nl to be connected with the data line 8DL and
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
construction is similar to that of the foregoing
embodiment 3. Specifically, the layer bélow the
semiconductor region 16Nl and its neighborhood have
their impurity concentrations set, over and below the
punch-through stopper 16N5, to levels as low as those
of the embodiment 1.

As a result, in fhe 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.bbth the

reductions of the data transfer rate and the memory
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holding characteristics of the semiconductor
integrated circuit device having the DRAM.

(Embodiment 5)

Fig. 15 is a section showing an essential portion
of a seﬁiconductor integrated circuit device according
to a further embodiment of the preseht invention.

The present embodiment 5 will be described in
connection with the case in which the structure of the
foregoing embodiment ; is applied to a semiconductor
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
structure for solving thé problém, as will be
described.with reference to Fig. 15. 1In 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 |
similar to that of the foregoing embodiment 1. In the
present embodiment 5, ﬁowever, 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

insulating film 4 are in contact with each other. The
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remgining construction is identical to that of the
forégoing embodiment 1.

The memory cell array M is arranged with a
tr;nsfer MOS* FET 18 and a driver MOS-FET 19. Each
memory cell of the SRAM is cdmposed of a pair of
driver MOS' FETs 19, a pair of transfer MOS-FETs 18,
and a pair of load eiements. The paired driver
Mos-FETslare cross-connected.

The transfer MOS:FET 18 is compqsed of the
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 ZE; and a gate
electrode formed over the gate insulating film'18N3.

" 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 coqcentrations of the semiconductor
regions 18Nl and 18N2 are exemplified by 0.5 x 10%¥ to
5 x 10% atoms/cm®, preferably 1 x 10 atoms/cm®. The
semiconductor regions 5N1 and 5N2 have their depths
set to fall-within the range.of the thickgess 6f the
epitaxial layer 2E.

One'semiconducto: region 18Nl of the transfer
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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 semicqnduétor
region 18N2 of the transfer MOS'FET 18 is electrically
connected with a gate electrode 19N1 of the driver
MOS:- FET 19 through a connection hole 7a. Like the
semiconductor regions 18Nl and 18N2 of the transfer
MOS-FET 18, the (not-shown) semiconductor regions
forming the source/drain regions of the driver MOS-FET
19 are formed in the epitaxial layers 2ES5 and 2E6.

In the present embodiment 5, the impurity
concent:atidns of the epitaxial layers 2E5 and 2E6 in
the ﬁemory cell array M are set equal to or higher
than those of the wells 3a and 3b. Specifically, the
impurity concentrations of the epitaxial layers 2ES5
and 2E6 are exemplified by 1 x 10' atoms/cm® or
higher. |

As a result, it is possible to increase the
junction capacity in thé epitaxial layers 2E5 and 2E6
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 produded due to the

electron-hole pairs by the alpha ray, as in the

foregoing embodiment 3, from invading the data holding

portion. Thus, it is possible to prevent the
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reduction in the memory holding characteristics of the
semiconductor integrated circuit device having the
SRAM.

Incidenfally, the impurity concentrations of the
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.

Thus, according to the present embodiment 5, the
foliowing 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
epitaxial layers 2E5 and 2E6 in the memdry 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,
.which aré produced due to the electron-hole pairs by
“the alpha ray, from invading the information holding
po;tion. As a result, it is possible to prevent the
rgductién of the memory holding ¢haracteristics.

- (Embodiment 6)

Fig. 16 is a section showing an essential portion
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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
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, iny the layers below the region to be formed with
the driver MOS'FET 19 and fhe semiconductor region
18N2 to be connected with the gate electrode 19Nl 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.
16.

Of the seﬁiconductor regions 18N1 and 18N2 of the
transfer MOS* FET 18, moreover, the layer below the
semiéonductor region 18Nl to be connected with the
data line 8DL and 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 18N5. The remaining
construction is similar to that of the foregoing

embodiment 5. Specifically, the layer below the
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semiconductor region 18Nl and its neighborhood have
their impﬁrity concentrations set, over and below the
punch-through stopper 18N5, to levels as low as those
of the embodiment 1.

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
holding characteristics of the semiconductor |
integrated circuit device having the SRAM.

(Embodiment 7)

Fig.‘17 is a section showing an eésential portion
of a semiconductor integrated circuit device according
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
Programmable ROM).

In Fig. 17, thé 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

similar to that of the foregoing embodiment 1. In the
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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
insﬁlating film 4 are in contact. The remaining
construction is identical to that of the foregoing
embodiment 1.

The meﬁory cell array M is arranged with a
plurélity of memory cells MCl. The memdry cell MCl of
this case is composed of the following components.

| Specifically, the compdnents are: a pair of
semiconductor regions 20Nl and 20N2 formed over the
epitaxial layer 2E and spaced from each other; a gate
insulating film 20N3-formed over the epitaxial layer
2E; a floating gate electrode 20N4-formed over the
gate insulating film 20N3; an insulating f£ilm 20N5
formed over the floating gate electrode 20N4; and a
control gafe electrode 20N6 formed over the insulating
£film 20NS.

The semiconductor regions 20Nl and 20N2 are doped
with an n-type impurity.of phosphor or arsenic. The
impurity concentrations of the semiéonductor regions
20N1 and 20N2 are preferably exemplified by 1 x 10%°
atoms/cmd. |

The semiconductor regions 20Nl and 20N2 are made
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so deep as to fall within the range of the thickness
of the epitaxial layer 2E. One semiconductor region
20Nl is electrically formed with the data line 8DL
through the connection hole 7 which is formed.in the
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 eléctrode 20N6 is an
electrode for controlling storage and discharge of the
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
layers 2E5 and 2E6 in thelmemory cell array M have
their impurity concentrations set equal to or higher
than those of the wells 3a and 3b. Specifically, the
impurity concéntrations of the epitaxial layers 2ES
and 2E6 are set to 1 x 10Y atoms/cm® or more.

Incidentally, the impurity concentrations of the
epitaxial layers 2E5 and 2E6 are set by the ordinary
photblithography technique and the ion implantation
techniquer for example, after the gate insulating
films 5P4, 5N4, 18N3 and 19N2 have been formed as in

the foregoing embodiment 3.
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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
capacity in the epitaxial layers 2E5 and 2E6.

(Embodimenf 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
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

Fig. 18. The remaining construction is similar to
that of the foregoing embodiment 1. |

An element isolating portion 21 is formed by
burying insplafing films 21b and 21c in a channel 2la
which is formed to reach the wells 3a and 3b of the
semiconductor substrate 2. The insulating film 21b,
as formed on the surface of the channel 2la, is made
of SiO,, for example, by the thermal oxidation method
or the like. The insulating film 21b has a thickness
of about 1,000 angstroms. |

The reason why this insulating film 21b is formed
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by the thermal oxidation method is as follows.
Specifica;ly,-the surface of the channel 2la is a
portion to come into direct contact with the
semiconductor substrate body 2S and the junction of
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.

On thé other hand, the other insulating film 21lc
in the channel 21a is made of Si0,, 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.
exemplified by the CVD method.

Next, the process for maﬁufacturing the
semiconductor integrated circuit device of the present
embodiment 8 will be described with reference to Figs.
18 to 23.

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 ié contained in

the epitaxial layer 2E. Moreover, the semiconductor
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substrate body 2S is formed thereover with the wells

Subsequently, this photoresist pattern 13b is
used as the etching mask to etch off the epitaxial
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, ' 'J
thereby to form the channel 2la in the element
isolating region, as shown in Fig. 20.

After this, the semiconductor substrate 2 is
subjected to the thermal oxidation treatment, for
example, to form the insulating f£ilm 21b of SiO, having
a thickness of about 1,000 angstroms over the
principal plane of the semiconductor substrate 2
formed with the channel 21a, as shown in Fig. 21.

After this, the insulating film 21c made of SiO,,
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 21lc has its upper
portion so removed to-flatten the upper surface of the
semiconductor'substrate 2, as shown in Fig. 23, by the
etch-béck method or the CMP (Chémical Mechanicai
Polishing) method that it may be left only in the
channel 21la. Incidentally, the subsequent stepé'will.

not be described because they are similar to those of
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the foregoing embodiment 1.

Thus, according to the present embodiment 8, the
following effects can be achieved in addition to those
obtained in the foregéing embodiment 1.

(1) Thanks to the channel structure, the element
isolating portion 21 can be easily fofmed even if the
épitaxial layer 2E is thick.

(2) Thanks to the channei structure, the element
isolating portion 21 can be formed without enlarging
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,'th¢ chip size can be made
smaller for the same number of elements than that of
the case in which the element isolating portion is
formed of a field insulating film.

(4) since the channel 2la forming the element
isolating portion 21 is formed on its surface with.the
insulating film 21b by the thermal oxidation method,
the epitaxial layer 2E in the channel 21la, the
semiconductor substrate body 2S5 and the junction of
the adjoinihg wells 3a and 3b can be satisfactorily
protected to improve the réliability and production
yield of the semiconductor integrated circuit device

1.
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(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
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)

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

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
embodiment 1.

These semibonductor regions 2le and 21f are

extended from the lower face of the field insuléting

film 214 to the upper portions of the wells 3a and 3b.
The semiconductor region (or third region) 21le

over the well 3a is doped with an impurity of the same
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conduction type as that of the impurity contained in
the well 3a such as an n-type impurity of pﬁosphor.

On the other hand, the semiconductor region (or
fourth fégion) 21f over the well 3b is doped 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. |

Such element isolating portion 21 is formed by

the following manner. First of all, the regioﬁs for

“individually forming the semiconductor regions 2le 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
formed thereover with the(not-shown) bad film of SiO,,
for example, by the thermal oxidation method or the
like, and this pad film is formed thereover with the
(not-shdwn) oxidation-resistant insulating film of
Si;N,, for example.

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

to the LOCOS oxidizing treatment to form the field
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insulating film 214 and the two semiconductor regions
2le and 21f below the former.

Thus, according to the present embodiment 9, the
following effects can be achieved in addition to the
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 2le and 21f of different

conduction types formed below the field insulating

film 214 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)

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
semiconductor rggions 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
epita#ial layer ZE to the upper portions of the wells
3a and 3b.
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The semiconductor region (or fifth region) 21g
over the well 3a is doped with an impuritj of the same
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 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.

Such element isolating portion 21 may be formed,
for example, by doping the regions for individually
forming the Semiconduétor regions Zig and 21h with the
individual element isolating impurities by the (not-
shown) separate photoresist patterns and then'by
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
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 addiéion to the

effects (1) to (11) and (16) to (24), as obtained by
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the foregoing embodiment 1.

(1) Since the element isolating portion 21 is formed
of the semiconductor regions Zlg'and 21h, the flatness
of the upper surface of the semiconductor substfate 2
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 reéult, it is possible to improve the reliability
and production yield of the semiconductor integrated
circuit device.

(2) Since the epitaxial layer 2E has its upper
surface coated with fhe insulating film 22 which is
formed by the thermal oxidation method, the epitaxial
layer 2E and the junction of the semiconductor regions
21g and 21h:can be satisfactorily protected to impfove
the reliability and production yield of -the
semiconduétor integfated cifcuit device.

(Embodiment 11)

Figs. 26 to 29 are sections showing an essential
portion of a semiconductor integrated circuit device
ét manufacture steps according to a further embodiment
of the present invention.

The present embodiment 11 is a modification of
fhe'Well forming method, as described in the foregoing

embodiment 1 and so on. The process for manufacturing



10

15

20

25

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
of the semiconductof 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 2Elby the same method as
that of the foregoing embodiment 1.

Over the epitaxial layer_ZE, 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 thicknesé of about 2 ym to 3
pm.

First of all, this semidonductor substfate 2 is
implanted with ions of aﬁ n-type impurity of phosphor,
for example, by a high eneigy by using the photoresist
pattern 1l3c as the etching pattern.

The ion implanting energy at.this time is as high
as to bripg the n-type impurity ions to the upper
portion of the semiconductor substrate body 2S, such
aé 300 KeV to 800 KeV, preferably about 450 Kev.
Moreover, the dosage at this time is exemplified by 1

x 10 to 3 x 10" ijons/cm?, preferably 1.5 x 10 ions/
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cm?.

Subsequently, the photoresist pattern 13c is
removed, and a photoresist pattern 134 for exposing
only the other well forming region is formed, as shown
in Fig. 27. After this, this photoresist pattern 134
is used as the mask to implant the semiconductor
substrate 2 with the ions of a p-type impurity of
bbron, for example, by a high energy.

The ion implanting energy at this time is as high
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 10" to 3 x 10" ions/cm?, preferably 1.5 x 103 ions/
cm?. |

After this, the seﬁiconductor 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
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

not be described because they are similar to those of
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the foregoing embodiment 1.

Thus, the present embodiment 11 can achieve
effects similar to those of the foregoing embodiment
1. |

(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.

The present embodiment 12 is a modification of
the punch-through stopper forming method, as described
in the foregoing embediment 1 and so on. The process
for manufacturing the semiconductor integrated circuit
device of the present embodiment 12 will be described
with reference to Figs. 30_to 33.

Howevér, 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
manufacturing the semiconductor integrated circuit
device having MOS'FETs of either an n-channel or
p-channel-type.

Fig. 30 is a section sho&ing an essential portion
of the semiéonductor substrate body 2S in the process

for manufacturing the semiconductor integrated circuit
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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.

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
as the punch-through stopper.

SﬁbSequently, 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.

After this, like the foregoing embodiment 1, the
element isolatiné 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
device may be manuféctured according to the ordinary
MOS- FET manufacture process.

Thus, according to the pfesent embodiment 12, the
féllowing effects can be achieved in addition to those
of the foregoing embodiment 1.

Specifically, the impurity introducing step for
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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 facilitéte the
manufacture of the semiconductor integrated circuit
device.

| (Embodiment 13)

‘'Figs. 34 to 40 are séctions showing an essential
portion of a semiconductor integrated circuit device
at manufacture steps according to a further embodiment
of the present invention.

In connection with the present embodiment 13, one
example §f the well forming method will be described
with reference to Figs. 34 to 40. |

First of éll, 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 Si0O, or the
like, on which is deposited an insulating film of Si N,
or the like by the CVD method or the like. Of this
insulating film, moreover, the n-well forming region
is-removéd by the photolithograpﬁy technique and the
etching technique to form the insulating film patterns
lla and 11b. Incidentally, the semiconductor

substrate body 2S is identical to that of the
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foregoing embodiment 1.

Subsequently, those insulating film patterns 1lla
and 11b are used as the masks to implant the principal
plane of the semiconductor substrate body ZS with the
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 10" ions/cm?. Incidentally,
reference characters 3a1 indicates the region which is
implanted with the n-well forming impurity. .

After this, the portion, as exposed from the
insulating film patterns 1lla and 11lb, is formed with
the insulating film 12, as shown in Fig. 35, by
thermally oxidizing the semiconductor substrate body
2s. Here, this thermal oxidation is done under such
conditions (e;g., temperature or time period) that the
wel; forming n-type impurity introduced into the
semiconductor substrate body 2S may not diffuse.

Subsequently, the insulating film pattern 11b is
removed, and the insulating film 12 is then used as

the mask to implant the principal plane of the

_semicdnductor.substrate body 2S with the ions of the

p-well forming impurity such as the p-type impurity'of
boron or boron fluoride (BFZ), as shown in Fig. 36. At

this time, the acceleration voltage is exemplified by
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about 60 KeV, and the dosage is exemplified by about 8
x 10 ions/cm?. Incidentally,'réference characters
3bl indicates the region which is implanted with the
p-well forming impurity.

‘Subsequently, the insulating film pattern lla and
the insulating film 12 are removed, as shown in Fig.
37, and the semiconductor substrate body 2S is then
subjected to a thermal tfeatment. However, the
thermal treatment at this time is intended primarily
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 éubstantially diffuse, namely, that
the impurity will not appear in the surface portion of
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
exemplified by 900°C to 1,100°C; 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 O, gases.

As described abpve, the semiconductor substrate

body 2S is subjected to the thermal treatment before
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its principai 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
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
is subjected to the CVD treatment (or the epitaxial
growth treatment) or the like at 800°C to 1,000°C by
using the SiH, gases and the H, gases, for example, to
form the epitaxial layer 2E of the non—dopea single
crystalline Si, for example, 6ver the principal plane
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
abouf 0.3 pum to 3.0 pum and a specific resisténce of
about 200 to 500 Qcm. It is sufficient that the
impurity concentration of the epitéxial layer 2E is
lower than that of the wells.

Next, the semiconductor substrate 2 thus formed

is rinsed with an HF liquid or the like. After this,
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the semiconductor substrate 2 is subjected to a
thermal oxidation treatment, for example, to form a
capping insulating film 23 of Si0O,, for example, over
the epitaxial layer 2E, as shown in Fig. 39.

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
they cannot be generally.specified because they are
difference according to the design conditions.
Specifically, the treating temperature is exemplified
by 850°C to 950°C, and the treating time period is
exemplified by about 20 min. .

This capping insulating film 23 is one for
preventing the impurities in the well forming doped
regions 3al and 3bl and so on from diffusing at the
later-described well diffusion step from the
semiconductor subétrate 2 into the-diffusion furﬁace
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

well forming doped regions 3al and 3bl at the well
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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
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
manners such as the low-pressure CVD method or the
plasma CVD method. 1In 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 treatihg temperature
can be lowered to about 740°C, for example.

Subsequently, the semicondﬁctor 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
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

be generally specified but as follbws, although they
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are different depending upon the product designing
conditions such as the thickness of the epitaxiél
layer, the depth of the well diffusion layer, the
boundary of the adjoining well and the length to be
left with the lightly-doped region. Specifically: the
treating temperature is exemplified by 1,200°C:; the
treating time period is exemplified by about 1 hr. to
3 hrs.; and the treating atmosphere is preferably
exemplified by an atmosphere of N, gases.

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.

Thus, according to fhe 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
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 cryétal defect of the surface layer of the
semiconductor substrate body 2S can be reduced to

recover the damage so that the epitaxial layer 2E
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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
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.

(3) Thanks to.the aforementionéd 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.

(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 SP (as shown in Fig. 1) to be formed in the

epitaxial layer 2E.

(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 inventioh, and
Fig. 42 is a graph diagram plotting a depthwise

impurity concentration distribution of a semiconductor
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substrate in the semiconductor integrated circuit
device of the present invention.

In the present embodiment 14, as showp in Fig.
41, on the epitaxial layer 2E of the semiconductor
substrate, there are mounfed the MOS:FETs 5N and 5P
which have the LDD (Lightly Doped Drain) structure.

In other words, the present eﬁbodiment 14 is different
in the drain structures of the MOS'FETs 5N and 5P from
the foregoing embodiment 1.

Specifically, the_semiconductor regions 5N1 and -
5N2 forming the source/drain regions of the'MQS°FET 5N
are composed of heavily doped regions 5Nla and 5N2a
and lightly doped regions 5N1b and 5N2b formed at the
side of the gate electrode 5N5 or the channel forming
region. The semiconducfor regions 5P1 and 5P2 forming
the source/drain regigns of the MOS-FET 5P are
composed of heavily doped regions 5Pla and 5P2a and
lightly doped regions 5Plb and 5P2b formed at the side
of the gate electrode 5P5 or the channel forming
region.

The semiconductor regidns S5N1 and 5N2 of the MOS-
FET 5N are formed in the lightly doped epitaxial layer
2E2f The semiconductor regions 5N1 and 5N2 of the
MOS: FET 5N are formed'iﬁ the.lightly doped epitaxial

layer 2El.
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Both the heavily doped regions 5Nla and 5N2a and
the lightly doped regions S5N1b and 5N2b contain the
n-type impurity of phosphor'or As, for example. The
lightly doped regions 5N1b and 5N2b have their
impurity concentrations set lower than those of the
heavily doped regions.SNla and 5N2a.

| Moreover, both the heavily doped regions 5Pla and
5P2a and the lightly doped regions 5Plb and 5P2b
contain the p-type impurity of phosphor or As, for
example. The lightly doped regions 5P1lb and 5P2b have
their impurity concentrations set lower than those of
the heavily doped régions 5Pla and 5P2a.

Incidéntally, the MOS: FETs 5N and 5P have their
gate electrodes 5N5 and 5P5 formed on their sides.with
silicide walls 24 of Sioz,.for example, so as to make
the LDD structure. The heavily doped regions 5Nla and
SN2a, 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

gate electrode 5NS. The lightly doped regions 5Pl1b

and 5P2b are formed in self-alignment with the gate
electrode 5P5.

In this case, too, the puhch-through stoppers 5N3
and 5P3 have their maximum concentration éortions

located ih positions shallower than those of the
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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
concentration portions lodated in the vicinity of thé'

depth of thé lightly doped regions 5N1lb and 5N2b of

the semiconductor regions 5N1 and 5N2 and the lightly

doped regions 5Plb an 5P2b of the semiconductor
regions 5P1 and 5P2.

In short, the punch-through stoppers 5N3 and 5P3
are made so deep as to contact with the lightly doped
regions SN1b and 5N2b.

Here, a depthwise impurity concentration
distributioﬁ of the semiconductor substrate 2, as
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
surface layer of the epitaxial layer 2E is a lightly
doped region. In their midway, however, there is
formed a more heévily doped portion than the punch-
through stoppers 5N3 and 5P3. Below the epitaxial
layer 2E2 (or 2E1l), fhere are formed the wells 3a and

3b as a heavily doped region.
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Thus, the heavily doped'regions 5Nla and 5N2a of
the MOS°FET SN 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.

Thus, the present embodiment 14 can achieve
effects similar to those of the foregoing emLodiment
1.

Although our invention has been specifically
described in connection with its embodiments, it
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 eiample, the foregoing embodiments 1 to 14
have been descfibed as to the case in which the
presént invention is applied to the semiconductor
integrated circuit device having the so;called "double
well structure." Despite of this description,
however, the present invention shoﬁld not be limited
theretd but can be applied to a semiconductor
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 elemént isolating portion 21 in the case of the
semiconductor integrated circuit device having'the

single well structure. The element isolating portion
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21 is composed of the field insulating film 21d and
the two semiconductor regions 2le and 21i of different
conduction types.formed below the field insulating
film 214 and adjacent to each other. The
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 semiconducfor substrate body
2S, such as the p-type impurity of boron. The
remaining construction is identical to that of the
foregoing embodiment 9.

On the other hand, Fig. 45 shoﬁs another
modification of the element isolating portion 21 in
the case of the semiconductor integrated circuit
device having the single well structure. The element
isolating portion 21 is composed of two semiconductor
regions 21g and 213j of different conduction types
arranged adjacent to each other. The semiconductor

region (or sixth region) 21j 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 remaining construction
is identical to that of the foregoing embodimernt 10.

On the other hand, the foregoing embodiments 1 to
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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.
Despite of this description, however, the impurity
concentration of the epitaxial layer may be set
according to the desired element characteristics at én
ion implantation.step for forming the punch-through
stppper,'for example.

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
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
desi;ed element characteristicsf

On the other hand, the foregoing embodiments 1 to
14 have been described as to the case in which the SiH,
gases are used at the time of the epitaxial growth.
Despite of this description, however, the present
invention should nét be limited thereto but can be

modified in various manners. For example,
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dichlorosillane (SiH,CL,) 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
of the presentiinvention is applied to the analog
circuit. Despite of this description, however, the
present invention should not be limited thereto but
can also be appiied to a digital circuit, for example.
| Moreover, this digital circuit can be exemplified
by a gate circuit, an adder, a timer, a counter, a
shift registef 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
differential amplifier. Déspite of this description,
hdwever, fhe present invention should not be limited
théreto but can also find various applications such as
an AD/DA converter, a comparator, a modulator or a
sense amplifier of a memory.

On the other hand, the foregoing embodiments 1 to
14 have been described as to the éemiconductor
integrated circuit device having the_elements.

Despite of this description, however, the present
invention should not be limited thereto but cah-also

find various applications including active elements
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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

.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.deséribed as fo the case using the p-type
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
14 have been described és to the MOS:FETs. Despite of
this deécriptioﬁ,”however, the present invention
should not be iimited thereto put.can also use MIS
(Metal Insulator Semiconductor) FETs.

On the other hand, the foregoing embodiment 7 has
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
wel;s. Despite of this description, however, the
present invention should not be limited thereto but

can also modified, as in the foregoing embodiment 6
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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
epitaxial layer. Moreover, the punch-through stopper
may be formed in thelrégions having a lower impurity
concentration.

On the other hand, the foregoing embodiment 7 has
been described as to the case in which the present
structure is applied to the semiconductor integrated
circuit device having the EEPROM. Despite of this
description, however, the presént invention should not
be limited thereto but can also find wvarious
applications such as another ROM such as EPROM
(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)",
i.e., é memory circuit having a capacitor in whidh a
capacity insulating film made of a ferroelectric
material such as PZT (PbZrTiO;) is sandwiched between
upper and lower electrodes.

On the other haﬁd, the foregoing embodiment 7 has

been described as to the case in which the epitaxial
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layer in the memory cell has'ité 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
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 embodihent 1. This modification can achieve

the effects (1) to (11) and (16) to (24) of the

 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.
Despite of this description, however, the present
invention can also find vafious applications such as
another semiconductor integrated circuit device having
a BiCMOS (Bipolar CMOS) in which bipolar transistors
and MOS* FETs are mountéd on a common semiconductor
substrate.

The effects to be achieved by a representative.
one of the inventipn, as disclosed herein, will be
briefly described in the following:

(1) According to the semiconductor integrated circuit

device of the present invention, the lightly doped
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epitaxial layer, as formed over the heavily doped
first and second regions, is formed with the
predetermined élements. As a result, the elements can
have theif 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. Thus, it is
possible to improve the performance, reliability and
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 iightly doped epitaxial
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.

(3) According to the semiconductor integrated circuit
device of the present invention, the lightly doped
epitaxial layer, as formed 6ver 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
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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.
Thus, it is possible to improve the performance,
reliability ahd 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.
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
second region can be set to values sufficient for the
element isolations so that the channel stopper can be
eliminated by extending thé element'isolating portion
to the first region and the second region. Thus, the
parasitic capacity can be reduced to iﬁprove the
action speed of the sem;conductor 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

thicknesses of the first region and the second region.
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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
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 fheir impurity
concentrations set substantially independently of the
characteristics of the predetermined elements. Thus,
it is possible to facilitate the control of forming
the firét region and the second region. |

(9) According to the semiconductor iﬁtegrated circuit
device of the present invention, the element isolating
portion is formed into the channel shape. 2As a
result, even if the epitaxial layer is considerably
thiék,-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 fhe element isolating
portibn. In other words, the semiconductor integrated
circuit device can cope with the structure having a
thiék_epitaxial layer. |

(10) According to the semiconductor integrated
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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
satisfactorily protect the epitakial layer in the
channel, the semiconductor substfate body, and the
junction portion of the first and second region.

Thus, it is possible to improve the performance,
reiiabilify and production yield of the semiconductor
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
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
circuit device.

(12) According to the semiconductor integrated
Circuit device of the present invenfion, the epitaxiél
layer in the element forming region for the
electrostatic protection circuit attached to thé input

circuit and the power supply has its impurity
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‘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 basg region at the operating time of the bipolar
transiétors 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 fransiétors thereby to prevent the
reduction of the electrostatic breakdown voltage of
the electrostatic protection circuit. .Thush it is
possible to improve the performénce, reliability and
production yield of the semiconductor integrated
circuit device.

(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 thaﬁ that of the
epitaxial laye: 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 aré produced due to the electron-hole

pairs by the alpha ray, from invading the information
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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
performance, reliability and production yield of the
semiconductor integrated circuit device.

(14) According to the_semiconductor integréted
circuit device of the present invention, of the
epitaxial'layei, 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
higher than that of the epitaxial layer in the element
forming region for the_intefnal circuit. As a result,
It is possible to prevent the drop of the memory
holding characteristics Qithout 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.
(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, folldwed by farming the
epitaxial layer, so that the crysfal defect of fhe

semiconductor substrate body surface layer'can be
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reduced to recover the damagé. As a result, it is
possiblé to form the epitaxial layer having an
excellent crystallizability. Thus, it is possible to
improve the performance, reliability and production
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
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 steplwhile 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.
(17) Thanks to the aforementioned effect (16), the
electric characteristics such as the resiStivity in

the epitaxial layer can be prevented from fluctuating

to improve their setting accuracy. Thus, it is

possible to improve the performance, reliability ahd
production yield of the semiconductor integrated

circuit device.
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WHAT LAIMED IS:

1. A method of manufacturing a semicoaductor integrated circuit
device, comprising the steps of;

preparing a semiconductor substrate body with an epitaxiai layer,

wherein said epitaxial layer has a lower surface and a upper surface
and is formed on a principal surface of said semiconductor body such that
said lower surface of said epitaxial layer and said principal surface of said
semiconductor body faces each other, |

wherein said semiconductor substrate body has a substantially
uniform impurity concentration;

forming a first semiconductor region ofé first conductivity type in

said epitaxial layer and in said semiconductor substrate body such that an
impurity concentration of said first semiconductor region is higher than that
of said epitaxial layer and such that a maximum impurity concentration of
said first semiconductor region is greater than an impurity concentration of
said semiconductor substrate body at said principal surface thereof;

forming a second semiconductor region of a2 second conductivity type
opposite to said conductivity type in said epitaxial layer and in said
semiconductor substrate body such that an impurity concentration of said
second semicondﬁctor region is higher than that of said epitaxial layer and
such that a maximum impurity concentration of said second semiconductor
region is greater than an im'purity concentration of said semiconductor
substrate body at safd'principal surface thereof;

_aftc; said first and said secoad semiconductqr formi:‘x'g steps, formiang

by thermally oxidizing said upper surface of said epitaxial layer an oxide
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film, serving as a gate insulating film of an MISFET;

forming a first gate electrode of a first MISFET on said gate insulating
film and 6ver said first semiconductor region;

forming a second gate electréde of a second MISFET on said gate
insulating film over said second semiconductor region;

 forming a source and drain region of said first MISFET in said epitaxial

layer and in said first semiconductor region such that said source and drain
region of said first MISFET have said second conductivity type; and

forming a source and drain region of said second MISFET in said
epitaxial layer'and in said second semiconductor region such that said source
and drain region of said second MiSFET have said first conductivity type,

wherein said first and said second semiconductor region are formed
by introducing impurities into said epitaxial layer Ehrough said upper -

surface of said epitaxial layer.

2. A method of manufacturing a semiconductor integrated circuit
device according to claim 1, wherein said epitaxial layer has a film thickness

within a range 0£0.3 to 3 um.

3. A method of manufacturing a semiconductor integrated circuit
device according to claim 1 r claim 2, wherein said semiconductor substrate
. : . ’”
body has an impurity concentration of a range from 1X10  atoms/cm3 to 1

§

XIO’ atoms/cm3 .

4. A method of manufacturing a semiconductor integrated circuit
device according to claim 1 or claim 2 or 3, further comprising the steps of:
forming a treach portion ia said epitaxial layer;

depositing an insulating film over said upper surface of said epitaxial
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layer and in said tceach port_ion; and
removing said insulating film by chemical mechanical polishing to fill
said trench éortion with said insulating €ilm and not to remain said
insulating film over said upper surface of said epitaxial layer,
| whereby said insulating film is filed in said tcench portion to form an
element isolating insulating film, _
- wherein said element i-sollating insulating film is formed over said first
semicoaductor region and over said second semiconductor region s_uch that a
bottom porction of.said element isolating insulating film is in contact with

said first semiconductor region and said second semiconductor region.

5. A method of manufacturing 2 semiconductor integrated circuit
device according to claim 4, wherein said bottom portion of said element

isolating insulating film is in contact with said semiconductor substrate body.

6. A ﬁethod of manufacturing a semiconductor integrated circuit
device according to any one of claims 1-3, further comprising the step of:

forming an element isolating insulating film in said epitaxial layer;

wherein said element isolating insulating film is formed over said first
semiconductor region and over said second semiconductor region such that a
bottom portion of said element isolating insulating film is in contact with

said first semiconductor region and said second semiconductor region.

e

7. A method of manufacturing a semiconductor integrated circuit
device according to claim 6, wherein said bottom portion of said element

- isolating insulating film is in contact with said semiconductor substrate body.

8. A method of manufacturing a semiconductor integrated ciccuit
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device according to any one of claims 1-7, wherein a transfer MISFET of

DRAM is comprised of said second MISFET.

9. A method of manufacturing a semiconductor integrated circuit
device according to any one of claims 1-7, wherein said second gate
electrode serves as a floating gate electrode of an EEPROM cell,

wherein a third gate electrode serving a.s a control gate electrode of
said EEPROM cell is for.mcd over said second gate electrode with a thicd gate

insulating film intervening therebetween.

- 10. A method of manufacturing a semiconductor integrated circuit
device according to any one of claims 1-7, wherein a transfer MISFET of

SRAM is comprised of said second MISFET.

11. A semiconductor integrated circuit device comprising;
. a semiconductor substrate body;

an epitaxial layer having a lower surface and a upper surface and
formed on a principal surface of said semiconductor body such that said
lower surface of: said epitaxial layer and said principal surface of said
semiconductor body faces each other,

wherein said semiconductor substrate body has a substantiilly
uniform impurity concentration;

a first semiconductqr region of a first conductivity type formed in
sa_id epitaxial layer and in said semiconductor substrate body such that an
impurity concentration of said fifst semiconductor region is higher than that
of said epitaxial layer and such that a maximum impurity concentration of
said first semiconductor rfegion is greater than an impurity concentration of

said semiconductor substrate body at said principal surface thereof;
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a second semiconductor region of a second conductivity type opposite
to said conductivity type formed in said epitaxial layer and in said
semiconductor substrate body such that an impurity concentration of said
second semiconductor region is higher than that of said epitaxial layer and
such that a maximum impurity concentration of said second semiconductor
regioﬁ is greater than an impurity coacentration of said semiconductor
substrate body at said principal surface thereof;

a first gate insulating film of a first MISFET including an oxide film
formed by thermally oxidizing said upper surface of said epitaxial layer;

a second gate insulating film of a second MISFET including an oxide
film formed by thermally oxidizing said upper surface of said epitaxial layer;

a first gate electrode of said first MISFET on said first gafe insulating
film agd over said first semiconductor region;

a second gate electrode of said second MISFET on said second gate
insulating film over said second semicoaductor region;

a source and drain region of said first MISFﬁT formed in said epitaxial
layer and in said first semiconductor region such that said source and drain
rcgiqn of said first MISFET have said second conductivity type; aand

a source and drain region of said second MISFET formed in said
epitaxial layer and in said second semiconductor region such that said source
aand drain region of said second MISFET have said first conductivity type,

wherein said first and said second semicoanductor region are formed
by introducing impurities into said epitaxial layer through said upper

surface of said epitaxial léyef.

12. A semiconductor integrated circuit device according to claim 11,

wherein said epitaxial layer has a film thickness within a range 0£0.3 to 3 «
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13. A semicoaductor integrated ciccuit device according to claim 11 oc
claim 12, wherein said semiconductor substrate body has an impurity

concentration of a range from 1><10 a:oms/cm3 to 1><10 atoms/cm3.

14. A semiconductor integrated circuit device according to any one of
claims 11-13, further comprising the step of:

an elemeant isolating insulating film in said epitaxial layer,

wherein said elemen-:.isolating insulating film is formed over said first
semiconductor region and said second semiconductor region such that a
bottom. portion of said element isolating insulating film is in contact with

said first semiconductor region and said second semiconductor region.

15. A semiconductor integrated circuit device according to claim 14,
wherein said bottom portion of said element isolating insulating film is in

contact with said semiconductor substrate body.

16. A semiconductor integrated circuit device according to claim 14 or
claim 15, wherein said element isolating insulating film is filed in a trench

portion formed in'said epitaxial layer.

17. A method of manufacturing a semiconductor integrated circuit
dévice according to any one of claims 11-16, wherein a :ransfer MISFET of

DRAM is comprised of sa1d second MISFET.

18. A method of manufacturing a semlconductor mtcgrated ciccuit
dcvxce according to any one of claims 11-16, wherein said second gate

electrodc serves as a floating gate electrode of an EEPROM cell,
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wherein a third gate electrode serving as a coatrol gate electrode of
said EEPROM cell is formed over said second gate electrode with a third gate

insulating film intervening therebetween.

19. A method of maanufacturing a semicoaductor integrated circuit
device according to aay one of claims11l-16, wherein a transfe.r___MISFET of

SRAM is comprised of said second MISFET.

20. A semiconductor integrated circuit device comprising;

a semiconductor substrate body having 2 s_ubstantially uniform
impurity concentration;

an epitaxial layer having a film thickness within a range 0of 0.3 t0 5 £
m, having a lower surface and a upper surface, and formed on a principal
surface of said semiconductor body such that said lower surface of said
epitaxial layer and said principal surface of said semicoaductor body faces
each other;

a first semiconductor region of a first cdnductivity type formed in
said epitaxial layer and in said semiconductor substrate body such an
impurity concentration of said first semiconductor regioq is higher than that
of said epitaxial layer; _

a first gate insulating film of a first MISFET including an oxide fil.m
forméd by thermally oxidizing said upper surface of said epitaxial layer;

a first gate electrode of said first MISFET formed on said first gate
insulating film and over said first semiconductor region; and |

a source and drain region of said first MI.SFET formed in said'epitaxial
layer and in said first Semiconductor region such that said s&urce and drain

region of said first MISFET have a secon'd conductivity type opposite to said

first conductivity type formed. o
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21. A semiconductor integrated circuit device according to claim 20,
wherein an impurity conceatration of a portion, of said first semiconductor
cegion, where a channel forming region of said first MISFET is to be formed
is higher than that of said epitaxial layer,

wherein 2 maximum impurity concentration of said first
semiconductor region is greater than an impurity concentration of said

semiconductor substrate body at said principal surface thereof.

22. A semiconductor integrated circuit device'according to claim 17 or
claim 21, further comprising:

a second semiconductor region of said second conductivity type
formed in said epitaxial layer and in said semiconductor substrate body such
that an impurity concentration of said second semiconductor region is higher
than that of said epitaxial layer; |

a second gate insulating film of a second MISFET including an oxide
film formed by thermally oxidizing said upper surface of said_epi;axial layer;

a second gate electrode of said second MISFET formed on said second
gate insulating film over said second semiconductor region;

a source and drain region of said secoﬁd MISFET formed in said
epitaxial layer and in said second semiconductor region such that said source
and drain region of said second MISFET have said first conductivity type,

wherein said first and said second Semiconductor region are formed
by introducing impurities int.o said epitaxial layer through said upper

surface of said epitaxial layer.

23. A semiconductor integrated circuit device according to claim 22,

wherein an impurity concentration of a portion, of said second
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semiconductor region, where a channel forming regidn of said second MISFET
is to be formed is higher than that of said epitaxial layer,
wherein 2 maximum impurity conceatration of said second
semiconductor region is greater than an impurity conceatration of said

semiconductor substrate body at said principal surface thereof.

24. A semiconductor integrated circuit device according to any one of
claims 20-23, wherein said semiconductor substrate body has an impurity

()
concentration of a range from 1 XIO/ratoms/cm3 to 1X10” atoms/cm3.

25. A method of manufacturing a semicoaductor integrated circuit
device comprising the steps of; |
| preparing a semiconductor substrate body with an epitaxial layer,
wherein said semiconductor substrate body having a substantially
uniform impurity concentration, _ |
wherein said epitaxial layer has a film thickness within a range of 0.3
to 5 um, has a lower surface and a ubper surface, and is formed on a
principal surface of said semiconductor body such that said lower surface of
said epitaxial layer and said principal surface of said semiconductor body .
faces each other;
forming a first semiconductor region of a first conductivity type in
said epitaxial layer and in said semiconductor substrate body such an
impurity concentration of said firSt semiconductor region is higher than that
of said epitaxial layer; '
forming a first gate insulating film of a ficst MISFET including an
oxide film formed by thcrmally_'oxidizing said upper surface of said epitaxial
layer; |

forming a first gate electrode of said first MISFET on said first gate
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insulating film and over said first semiconductor region; aad
forming a source and draia cegion of said first MISFET in said epitaxial
layer and in said first semiconductor region such that said source and drain
cegion of said first MISFET hav§ a second conductivity type opposite to said

first conductivity type formed.

26. A method of manufacturing a semiconductor integrated circuit
device according to claim 25, wherein an impurity concentration of a portion,
of said first semiconductor region, where a channel forming region of said
first MISFET is to be formed is higher than that of said epitaxial layer,

wherein 2 maximum impurity concentration of said first
semiconductor region is greater than an impurity concentration of said

semiconductor substrate body at said priacipal surface thereof.

27. A method of manufacturing a semiconductor integrated circuit
device according to claim 25 or claim 26, further comprising the steps of:

forming a second semiconductor region of said second conductivity
type in said epitaxial layer and in said semiconductor substrate body such
that an impurity concentration of said second semiconductor region is higher
than that of said eéitaxial layer; |

forming a second gate insulating film of a second MISFET including

an oxide film fo'rmed by thermally oxidizing said upper surface of said
epitaxial layer;

forming.a second gate electrode of said second MISFET on said second
gate insulating film over said second semiconductor region;

forming a source and drain region of said second MISFET in said
epitaxial layer and in said second semiconductor region such.that said source

and drain region of said second MISFET have said first conductivity type,
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wherein said ficst and said second semiconductor region are formed
by introducing impurities into said epitaxial layer through said upper

surface of said epitaxial layer.

28. A method of manufacturing a semicoaductor integrated circuit
device according to claim 27, wherein an impurity conceatration of a po_rtion,
of said second semfconductor region, where a channel forming region of said
second MISFET is to be formed is higher than that of said epitaxial layer,

wherein a maximum impurity conceatration of said se_cond .
semiconductor region is greater than an impurity concentration of said

semiconductor substrate body at said principal surface thereof.

29. A semiconductor integrated circuit device according to claim any
one of claims 25-28, wherein said semiconductor substrate body has an
. . . - 7é
impurity concentration of a range from 1 Xlofs-atoms/cm: to 1 X10

atoms/cm3.

30. A method of manufacturing a semiconductor integrated circuit
device comprising the steps of;

preparing a semicoaductor substrate body with an epitaxial layer,

wherein said semiconductor substrate body having a substantially
uniform impurity concentration,

wherein said epitaxial layer having a film thickness within a range of
0.3t05 um, has a lower surface and a upper surface and is formed on 2
principal surface of said semiconductor body such that said lower surface of
said epitaxial layer and said princi_pal surface of said semicc):nduct_or body
faces each other; | |

forming a trench portion in said epitaxial layer by etching said
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epitaxial layer; -

forming a first oxide film formed on said upper surface of said
epitaxial layer and in said 'trench portion by thermally oxidizing said upper
surface of said epitaxial layer and said trench portion; |

depositing an insulating film ovér said upper surface of said epitaxial
layer and in said trench portion to cover said first oxide film;

removing said insulating film by chemical mechanical polishing to fill
said treach portion with said insulating film and not to remain said
insulating film over said upper surface of said epitaxial layer;.

whereby said insulating film is filed ia said treach portion to form an
element isolating insulating film;

removing said first oxide film oa said upper surface of said epitaxial
layer;

after said first oxide film removing step, forming a first gate insulating
film of a first MISFET including a second oxide film formed by thermally
oxidizing said upper surface of said epitaxial layer;

forming a first gate efectrode of said first MISFET on said fi}st gate
insulating -filh; and _ |

forming a source and drain region of said first MISFET in said epitaxial

lifér.

31. A method of manufaé:uring a semiconductor integrated circuit
device according to claim 30, further comprising the steps of: |

forming a first semiconductor region of a first conductivity type in
said epitaxial layer and in said semiconductor substrate body:such that an
impurity concentration of said first serﬁiconductor region is hi.ghcr than that

of said epitaxial layer;
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wherein said first gate electrode is f.ormed'over said first
semiconductor region, .

wherein said source and said drain region are formed in said first
semicoaductor region and have a second conductivity type oppos'ite to said
first conductivity type;

forming a second semiconductor region of said second conductivi"ty
type in said epitaxial layer and in said semiconductor substrate body such
that an impurity concentration of said second semiconductor regioa is higher
than that of said epitaxial layer;

| forming a second gate insulating film of 2 second MISFET including
an oxide film formed by thermally oxidizing said upper surface of said |
epitaxial layer;

forming a second gate electrode of said second MISFET oa said second
gate insulating film over said second semiconductor region; and

forming a source and drain region of said second MISFET in said
epitaxial layer and in said second semiconductor region such that said source
and drain region of said second MISFET have said first conductivity type,

wherein said first and said second semiconductor region are formed
by introducing impurities into said epitaxial layer through said upper
surface of said epitaxial layer,

wherein said element isolating insulating film severs as isolating

between said first MISFET and said second MISFET.

32. A method of manufacturing a semiconductor integrated circuit
“device, comprising the steps of;
preparing a semiconductor substrate body with an epitaxial layer,

wherein said epitaxial layer has a film thickness within a range of 0.3
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to 5 u#m, has a lower surface and a upper surface, and is formed oa said
principal surface such that said lower surface of said epitaxial layer and said
principal surface of said semiconductor body faces each other;
forming a first region of said epitaxial layer having a first conductivity
type and having an impurity concentration higher than that of said epitaxial
layer;
forming a second region of said epitaxial Iayef having said first
coaductivity type and having an impurity concentration higher than that of
said epitaxial layer and said first feéion;
| forming a first gate insulating film of a first MISFET including an oxide
film formed by thermally oxidizing said upper surface of said epitaxial layer
at said first region;
forming a second gate insulating film of a second MISFET including an
oxide film formed by thermally oxidizing said upper surface of said epitaxial
layer at said second region_; _
" forming a first gate electrode of said first MISFET on said first gate
insulating film; |
forming a second gaté electrode of said second MISFET oa said second
gate insulating film;

. forming a source and a drain region of said 'first MISFET in said first
region such that said source and drain region of said first MISFET have a
second conductivity type opposite to said first conductivity type; and

forming a source and a drain region of said second MISFET in said
second region and__having_ said second conductivity type,

wherein saic.l'l':"i.rs:ﬂ';nd said second region are formed by introducing
impurities through said upper surface of said epitaxial layer into said

epitaxial layer.
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33. A method of manufacturing a semiconductor integrated circcuit
device according to claim 32, wherein an internal circuit is comprised of said
first MISFET,

wherein an electrostatic protection circuit is comprised of said second

MISFET.

34. A method of manufacturing a semicoaductor integrated circuit
device according to claim 32, wherein a transfer MISFET of DRAM is
comprised of said second MISFET.

35. A method of manufacturing a semiconductor integrated circuit
device accérding to claim 32, wherein said second gate electrode serves as a
floating gate electrode of an EEPROM cell,

wherein a thxrd gate electrode serving as a coatrol ga.te electrode of
said EEPROM cell is formed over said second gate electrode wx:h a third gate

insulating film intervening therebetween.

36. A method of manufacturing a semiconductor integrated circuit
device according to claim 32, wherein a driver MISFET of SRAM is
comprised of said second MISFET.

37. A method of manufacturing a semiconductor integ;atcd circuit
device according to any one of claims 32-36, further comprising:

forming a third region of said epitaxial layer having said second
conductivity type and having an impurity concentration higher thaa that of
said epitaxial layer; |

forming a third gate insulating film of a third MISFET including an
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oxide film formed by thermally oxidizing said upper surface of said epitaxial
layer at said l:.hird region;

forming a third gate electrode of said third MISFET on said thicd gate
msu!atmg film;

forming a source and a drain region of sa1d third MISFET in said thu‘d
r;:gion such that said source and drain region of said third MISFET have said
first conductivity type,

wherein said third region are formed by introducing an impurity

through said upper surface of said epitaxial layer into said epi.taxial layer.

38. A method of manufacturing a semiconductor integrated circuit
device according to any one of claims 32-37, further comprising the step of:

forming a first and a second element isoIating insulating film in said
epitaxial layer,

wherein said first el.emcnt isolafing insulating film is formed over said
first region and over said second region such that a bottom portion of said -
first element isblating insulating film is in contact with said first region and
said second region,

wherein said second element isolating insulating film is formed over
said first region and over said third region such that a bottom portion of said
second element isolating insulating film is in contact with said first region

and said third region.

39. A method of manufacturing a semiconductor integrated circuit
device according to claim 38, wherein said bottom portions of said first and
said second clement isolating insulating film are in contact thh said

semiconductor substrate body.
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40. A semiconductor integrated circuit device comprising;

a semiconductor substrate body haviag a principal surface;

an epitaxial layer having a film thickness within a range of 0.3 to 5 4
m, having a lower surface and a upper surface, and formed on said principal
surface such that said lower surface of said epitaxial layer and said principal
surface of said semiconductor body faces each other;

a first region of said epitaxial'layer having a first conductivity type
and having 2n impurity concentration higher thaan that of said epitaxial
layer;

a second region of said epitaxial layer having said first conductivity
type and has an impurity concentration higher than that of said epitaxial
layer and said first region;

a first gate insulating film of a first MISFET including an oxide film
formed by thermally oxidizing said upper surface of said epitaxial layer at
said first region;

a second gate insulating film of a second MISFET including an oxide
film formed by thermally oxidizing said upper surface of said epitaxial layer
at said second region;

_é first gate electrode of said first MISFET formed on said first gate
insulating film.;

a second gate electrode of said second MISFET formed on said second
gate insulating film; |

a source and a drain region of said first MISFET formed in said first
region and having a second conductivity type opposite to said ficst
coaductivity type; and '

a source and a drain region of said second MISFET t‘or‘mcd in said

second region such that said source and drain region of said second MISFET
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have said second conductivity type,

wherein said first and said second region are formed by introducing
impurities through said upper surface of said epitaxial layer into said

epitaxial layer.

41. A semiconductor integrated circuit device according to claim 40,
wherein an internal circuit is comprised of said first MISFET,

wherein an electrostatic protection circuit is comprised of said second

MISFET.

42. A semiconductor integrated circuit device according to claim 40,

wherein a transfer MISFET of DRAMis comprised of said second MISFET.

43. A semiconductor integrated circuit device according to claim 40,
wherein said second gate electrode serves as a floating gate electrode of an
EEPROM cell, |

wherein a third gate electrode serving as a control gate electrode of
said EEPROM cell is formed over said second gate electrode with a third gate

insulating film intervening therebetween.

44. A semiconductor integrated circuit device according to claim 40,

wherein 2 driver MISFET of SRAM is comprised of said second MISFET.

45. A method of manufacturing a scmicbﬁductor integrated circuit
device according to any one of claims 40-44, further comprising:

forming a third _regidn of said epitaxial layer having said second
conductivity type aad .haviug an impﬁrity concentration high.cr t'h.a.n that of

said epitaxial layer;
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forming a third gate insulating film of a third MISFET including an
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oxide film formed by thermally oxidizing said upper sucface of said epitaxial
layer at said third region;

forming a third gate electrode of said thicd MISFET on said thicd gate
insula,ting_film; |

forming a source and a drain region of said third MISFET in said thicd
region such that said source and drain region of said third MISFET have said
first conductivity type,

wherein said third region are fqr:hed by introducing an impurity

through said upper surface of said epitaxial layer into said epitaxial layer.

46. A semiconductor integrated circuit device according to any one of
claims 40-45, further comprising:

a first and a second element isolating insulating' film formed in said
epitaxial Iayé:, |

wherein said first element isolating insulating film is formed over §aid
first region and over said secoand region'such that a bottom portion of said
first element isolatiné iﬁsulating film is in contact with said first region aad
said second region,

wherein said second element isolating insulating film is formed over
said first region and over said third region such that a bottom portioa of said
second clement isolating insulating film is in contact with said first region

and said third region.

47. A semiconductor integrated circuit device according to claim 46,
wherein said bottom portions of said first and said second elemeat isolating

insulating film are in contact with said semiconductor substrate body.
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48. A method of manufacturing a semiconductor integrated circuit
device, comprising the steps of;

preparing a semiconductor substrate body with an epitaxial layer,

wherein said epitaxial layer has a film thickness within a range of 0.3
to 5 um, has a lower surface and a upper surface, and is formed on said
principal surface such.that said lower surface of said epitaxial layer and said
principal surface of said semiconductor body faces each other;

forming a first region of said epitaxial layer havi.ng a first conductivity
type and having an impurity concentration higher than that of said epitaxial
layer; |

forming a second region of said epitaxial layer having a second
conductivity type opposite to said first conductivity type and having an
impurity concentration higher than that of said epitaxial layer,

_ wherein said first and said second region are formed by introduciag
impurities through said upper surface of said epitaxial layer into said
epitaxial layer; | _

forming a first gate insulating film of a first MISFET including an oxide
film formed by thermally oxidizing said upper surface of said epitaxial layer
at said first region;

forming a seéond gate insulaging film of a second MISFET including an
oxide film formed by thermally oxidizing said upper surface of said epitaxial
layer at said second region; '

forming a first gate electrode of said first MISFET on said first gate
insulating film; | |

forming a second gate electrode of said second MISFEfon_sg.id second
gate insulating film;

forming a sodrcc and a drain region of said first MISFET in said ficst
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region such that said source and drain region of said first MISFET have said
second conductivity type ;and

forming a source and a drain region of said second MISFET in said
second region such that said source and dlrain region of said second MISFET

have said first conductivity type.

49. A semiconductor integrated circuit device comprising;
a semicoanductor sub_strate body having a principal surface;
| an epitaxial layer having a film thickness within a range of 0.3t0o 5 &
m, having a lower surface and 2 upper surface, and formed on said principal
surface such that said lower surface of said epitaxial layer and said principal
surface of said semiconductor body faces each other;

a first region of said epitaxial layer having a first conductivity type
and having an impurity concentration higher than that of said epitaxial
layer;

a2 second region of said epitaxial layer hav.ing 2 second conductivit‘y

“type opposite to said first conductivity type and having an impurity
coacentration highér than that of said epitaxial layer;

a first gate insulating film of a first MISFET including an oxide film
formed by thermally oxidizing said upper surface of said epitaxial layer at
said firsf region; |

a second gate insulating film of a second MISFET including an oxide
film formed by thermally oxidizing said upper surface of said epitaxial layef
at said second region; _

a first gate electrode of said fir;sﬂt-MISFET formed on s’a'id first gate
insulating film;

a second gate electrode of said second MISFET formed on said secoad
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gate insulating film;

a source and a drain region of said first MISFET formed in said first
Ecgion such that said source aad drain rcgion of said first MISFET have said
second conductivity type; and

a source and a'drain_ region of said second MISFET formed in said
second region such that said source and drain region of said second MISFET

have said first conductivity type.

50. A method of manufacturing a semiconductor integrated circuit
device, comprising the steps of;

preparing a semiconductor substrate body with an epitaxial layer,

wherein said epitaxial layer has a film thickness within a raage of 0.3
to 5 um, has a lower surface aﬁd a upper surface, and is formed on said
principal surface such that said lower surface of said epitaxial layer and said
principal surface of said semiconductor body faces élach other;

forming a first region of said epitaxial layer having a first conductivity
type and having an impurity concentration higher than that of said epitaxial
layer, |

wherein said first region is formed by introducing impurity through
said upper surface of said epitaxial layer into said epitaxial layer;

forming a gate iﬁsulating film of a MISFET including an o;ide film
formed by thermally oxidizing said upper surface of said epitakial [ayer at
said first region;

forming a gate electrode of said MISFET on said gate insulating film;
aad '

forming a source and a drain region of said MISFET in said first region

such that said source and drain region of said MISFET have said second
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conductivity type opposite to said first conductivity type.

51. A semiconductor integrated circuit device comprising;

a semiconductor substrate body having a principal surface;

an epit#xial layer having a film thickness within a range of 0.3't0 5 u
m, having a2 lower surface and a upper surface, and formed on said principal
surface such that said lower surface of said epitaxial layer and said principal
surface of said semiconductor body faces caéh other; |

a first region of said epitaxial layer having a first conductivity type
and having an impixrity concentration higher than that of said epitaxial
layer;

a gate insulating film of a MISFET including aa oxide film formed by
thermally oxidl;.zing said Iupper surface of said epitaxial layer at said first
region; R

a gate electrode of said MISFET formed on said gate insulating film;
and .

a source and a drain region of said MISFET formed in said first region

~such that said source and drain region of said first MISFET have a second

conductivity type opposite to said first conductivity type.



