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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 Integrated Circuit Device and

" Process for Manufacturing the Same

BACKGROUND OF THE iNVENTION ' | | ~

. The present invention relates to a semiconductor o
integrated circuif-device}and a technique for |
manufacturing the same. Mpée particuiarly, the
presenﬁ invention relates to a'semiconductor
integrated circuit device having an epitaxial layer
formed over the surface of a semiconductor substrate
body and a technique effective if applied_to a
processor for manufacturing the same.

There has been progressed a technique for
manufactufing a semiconductor {Qtegrated circuit
device iﬁ which an:epitaxial layer (a semiconductor
single crystal layef)fis formed over a mirror-finished
semiconductof substfate body and is formed with a.
predetermined semiconductor integrated circuit
vV -
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element.

This is because the formation of the epitaxial
layer provides the excellent effects: the soft-error
resistanée and the latch-up resistance are improved:;
and the gate insulating film to be formed over the
epitaxial layer can have its breakdown characteristics
improved to reduce its defect density drastically.

| The semiconductor integrated circuit device
having such epitaxial layer is disclosed, for example,
on pp. 761 to 763 of "Applied Physics, Vol. 60; Edit.
8" of Assdciation of Applied Physics, issued -on August
10, 1991.

This publication describes 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 lowér 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 such that a well is formed to extend
from the surface of the epitaxial layer to the upper
portion of the semiconductor substrate. |

This publication further discloses a process for
forming the well by introducing a well forming
impurity into the semiconductor substrate body and
subsequently by growihg the epitaxial layer over the
semiconductor substrate body while diffusing the well
forming impurity'in the upper portion of the
semiconductor_substrats body.

Incidentally, the impurity concentration of this
case is distributed to form a mountainous curve having
its peak in the boundary between the epitaiial 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-layef 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 problems.

A first problem is that the element is liable to
have characteristic fluctuations. Since the element
is formed in the well, adcoiding to the aforementioned-
fechnique, the impurity in the well will fluctuate the
element characteristics such as the threshold voltage
or the substrate effect. -

A second problem is that the weil 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 constant are increased in the
MOS: FET, for example, to make it difficult to design
the ciréuit of_the semiconductor integrated circuit
device.

A fourth problem is an obstruction to the
improvement in the high-speed action of the
semiconductor integrated éircuit.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
coefficient.K (K ; 1), the impurity concentration in

the channel will rise K times to invite a reduction in

the carrier mobility due to the impurity scattering

and an increase in the junction capacity per unit area
of the semiconductor region for the source/drain over
the semiconductor substrate.

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

forming the weil.
\
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An object of the present invention is to provide
a technique cépable of improving the setting accurady
of element characteristics.

An object of the present iﬁvention is .to provide
a technique capable of facilitating the control of
well formation. |

An object of the present invention is to provide
a technique capabie of facilitating the circuit design
of the semiconductor integrated circuit device.

An object of the present invention is to provide
a technique capable of improving the action speed of
the semiconductor integrated circuit device.

An object of the present invention is to provide
a technique'capable_of shortening the time period for
forming the well.

| An object of the present invention is to provide

a technique capable of forming an epitaxial layer
having an excellént crystallizability.

An object of the present invention is to provide
a teqhniqué capable of improving the setting accuracy
of the impurity concentration in the epitaxiél layer.

The foregoing and other objects and the novel
features of the p;esent invention will become apparent
from the following description to be made with

reference to the accompanying drawings.
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The representative ones of the invention to be
disclosed herein will be briefly summarized in the
following.

Specifically, according to the present invention,
there is ptovided a semiconductor integrated circuit
device which is characterized: in that a first region
containing a first impurity of a predetermined
conduction.type for forming a PN junction is formed
over the principal plane of a semiconductor substrate

body; in that an epitaxial layer containing an

impurity in a lower concentration than that of first

region is formed over the semiconductor substrate
body; and in that an element isolating portion is
formed in the epitaxial layer witbin an element
isolating region over the semiconéhctor substrate
having the bottom portion at which the PN junction
terminates.

In the semiconductor integrated'circuit device of
the_presenf invention, moreover, the element iéolating
portipn is formed by a channel extending to the upper
portion_of the semiconductor substrate body.

In the semicbnductor integrated circuif 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 semiconductor integrated circuit device of
the present invention, moreover, é"ﬁIS (Métalﬂ
Insulator Semiconductor):FET is formed in the
epitaxial layer, and an eighth region for a punch-
through stopper, which is doped with an impurity
havihg the same conduction type as that of the
impurity of the epitaxiai iayer and a higher iﬁpurity
concentration than that of the same impurity, is
formed at a predetermined depth position in the
epitaxial layer.

In the semicondudtor.integrated circuit device of
the present inveﬁtion, moreover, of the epitaxial
1ayer,'the epitaxial layer in an element forming
region for an electrostatic protection circuit to be
attached to an input circﬁit constituting an
semiconductor integrated circuit and a power circuit
has its impurity concentration set equal to or higher-'
than that of the first region.

In.the semiconductor integrated circuit device of
the present invention, moreover, of the epitaxial
layer, the epitaxial layef in a meﬁory cell forming
region has its impurity concentration 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 layerlih 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, aprocess for manufacturing a
semiconductor'integrated circuit device according to
the present invention, comprises the following steps
(a) to (e): |

(a) the step of doping a semiconductor substrate body

with the first impurity before the epitaxial layer is

formed;

(b) the step of doping the semiconductor substrate
body with the second impurity before the epitaxial
layer is formed;

(6) the step of forming the epitaxial layer over the
principal plane of the semiconductor substrate body
doped with the first impurity and the second impurity:
(d) the step of a cap film over the surface of the
epitaxial layer; and |

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

substrate bbdy formed with the cap film'to'a thermal

-0 - This Sheet Has Been Re[ilace
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diffusion treatmenf.

- Moreover, a process for manufacturing a

semiconductor integrated circuit device according to

the present invention, comprises the following steps

(a') to (f'):

(a') the step of doping a semiconductor substrate

body with the first impurity before the epitaxial

layer is formed;

(b') the step of doping the semiconductor substrate

bpdy 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 second impurity and before the step

of forming the epitaxial layer:;

(d') the step of forming the epitaxial layer over the

principal plane of the semiconductor substrate body

thermally treated for the damage recovery;

(e') the step of forming a cap film over the surface

of the epitaxial layer; and

(£') the étep 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 preseﬁt invention described above, the
gate insulating film of thelMOS°FET is formed over the
epitaxial layer of a semiconductof 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.forﬁed with
the predetermined elements. As a result, the elements
can have their chéracteristics 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.

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

‘According 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 regioh 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 invention, moreover, the lightly
doped epitakial 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 cbncentrations'set substantially
indepeﬁdently 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 integrafed circuit
device of the present invention, moréover, the element
isolating portion is formed into the channel shape.

As a result, even if the épitaxial layer is

_____________________
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‘considerably thick, the element isolating portion

capable of isolating the epitaxial.iayer individually
for the element forming regions can be formed withqut
increasing the area occupied 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
jUnctidh portion of the first and second region.
Aécofding 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 car:ier mobility. Moreover,
the epitaxial layer, as equipped with the MIS:FETs, is
formed at a predetermined depth with the eighth region
for the punchethrough.stopper. As a resu1t, it is
possible to prevent the punch-throégh phenomenon
between the sources and drains of the MIS'FETs.- Oon

the other hand, the depletion layer 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 between thé source and the
drain. |

According to the semiconductor integrated circﬁit
device of the present invention, moreover, the
epitaxial layer in the element forming region for the
electrostatic protection circuit attached to the input
circuit and the power supply has its impurity
concentration set equal t& 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 protectidn circuit
and to‘brevent any local current concentration in that
epitaxial layer. As a result, the current can be
ﬁniformly estéblished in the collector/base junctions
of the bipolar trénsistors thereby to prevent the
reduction of the electrostatic breakdown voItage of
the electrostaﬁic protection circuit.

According to the semiconductor integrated circuit
device of the present invention, moreover, of the
epitaxial layer, the epitaxial layer in the region.
fdrming 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 invading the information
holding pértion. As a result, it is possible to
prevent the drop of the memory holding characteristics
of the semiconductor integrated circuit device having
the memory’ceils.

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, oﬁiy 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 circﬁit. As a result,
it is possible to prévent the drop of the'memory
holding characteristics without increasing the load
capacity of the data line.

According to the semiconductor integrated circuit
device of the preéent invention, moreover, the thermal
treatment is done for recovering the damage after the
impurity introducing step, followed by forming the
epitaxial layera so that the crystai 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 ovei the
epitaxial layer so that tlie first impurity and the
second impurity can be suppressed frpm diffusing into
the diffusion furnace during the diffusion treating
step while preventing'the epitakial layer from being
doped with the impurities having diffused. Thus, it
is poséible to imprové 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 embodimént of the present invention;

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

Fig. 3 is a section showing an essential portion
of the semiconduétor integrated circuit device of Fig.

1 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;.é;

| Fig. 5 is a section showiﬁg an essential portion
of the semiconductor integrated circuit device of Fig.
1 at a manufacture step sﬁbsequent 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 6f Fig. 5;

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

F{g. 8 is a section showing an essential portion
of the semiconductor integrated circuit device of Fig.
1 at a manufacture step subsequen% to that of Fig. 7:

Fig. 9 is a section showing an essential portion

of the semiconductor integrated circuit device of Fig.

1 at a manufacture step subsequeﬁt to that of Fig. 8;
Fig. 10 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. 9;
Fig. 11 is a section showing an essentiél portion

of the semiconductor integrated circuit device of Fig.

1 at a manufacture step subsequent to that of Fig. 10;

'Fig. 12 is a section showing an essential portion

. This Sheet Has Been Reilaced

T |I||I|||III|l Il




10

15

20

25

of

to

of

to

of

to

of

to

of

to

of

to

of

to

of
18

of

a semiconductor integrated circuit device according
another embodiment of the.presegé invention;
Fig. 13 is a section showing an essential portion
a semiconductor integrated circuit device according
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 sémiéonductor infegrated circuit device according
a further embodiment of the present invention;

Fig. 17 is é section showing an essential portion
a semiconductor integfated 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 invention;

Fig. 19 is a section showing an essential portion '

the semiconductor integrated circuit device of Fig.
at a manufacture step:;
Fig. 20 is a section showing an essential portion

the semiconductor integrated circuit device of Fig.

This Sheet Has Been Reﬁlaced
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18 at a manufacture step subsequent to that of Fig.
19; |

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

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

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

Fig. 24 is a section showing an essential portion
of a semiconductor integrated circuit device according
to a further embodiment-of the present invention;

Fig. 25 is a section showing an essentiél 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

R Hlllll
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of the semiconductor integratéd 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 esséntial'portion
of the'semigonductor integrated circuit device of the
further embodiment.of the present invention at a
manufacture step subsequent to that of Fig. 27;

Fig. 29 is a section:.showing an essential portion
of the semiconductor integrated circuit device of the
further embodiment of the present invéntion at a
manufacture step subsequent to that of Fig. 28;

Fig. 30 is a section showing an essential portion
of the ‘semiconductor integrated circuit device of the
further embodiment of the present invention at é
manufacture step;

Fig. 31 is a section showing an essential portion
of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step éubsequent to that of Fig. 30;

Fig. 3221s a section showing an essential portioh
of the semiconductor intejrated circuit device.of the
further embodimeht'of the present invention at a
manufacture step subsequent to that of Fig. 31;

Fig. 33 is a éection showinglan essential portion

of the semiconductor integrated circuit device of the

\__
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further embodiment of the present invention at a
manﬁfacture step subsequent to that of Fig. 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*preseﬁt invention at a
manufacture step subsequent to that ef Fig. 34;

Fig. 36 is a section showing an essential portion
of the semiconductor integrated circuit device of the
further embodiment of the preeent invention at a
manufacture step subsequent to that of Fig. 35;

| Fig. 37 is a section showing an essential portion
of the semicenductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 36;

Fig. 38 is a section showing an essential portion
of the semicpnduetor integrated circuit device of the
further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 37;

Fig. 39 is a section showing an essential.portion
of the semiconductor integrated circuit device of the

further embodiment of the present invention at a

manufacture step subsequent to that of Fig} 38;

l This Sheet Has B :
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Fig. 40 is a section shoﬁing an essential'bortion
of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step 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 ditagram 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 sémiconductor integrated circuit device according
to a further embodiment of the present invention;

Fig. 44 is a section showing an essential portion
of a semicoddudtor integrated circuit device according
to a further embodiment of the present invention; and

Fig. 45 is a section showing an essential portion
of a semiconductor integrated cirduit device according

to a further embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERREﬁ 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 of the present invention; Fig. 2 is
a circuit diagram showing an example of application of
the semiconductor integrated circuif 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 shown in Fig. 1; a semiconductor substrate 2,
as constructing a semiconductor integrated circuit
device 1 of the present embodiment 1, is composed of a
semiconductor substrate body 2S and an epitaxial layer
(or a single crystalline semiconductor layer)‘ 2E
formed over the semiconductor substrate body 2S.

. This semiconductor substrate body 2S is made of a
p -type silicon (Si) single crystai having a specific
resistance of 10 Qcm and a thickness of about 500 um,
for example.._Specifically, the semiconductor
substrate bddy 2S is homogeneously doped with a p-type
impurity such as boron (B) in a dosage of about 1 x
10 to 10 x ;O“.atoms/cm3, preferably.1.3 x 10“.
atoms/cm’.

'In the upper portion of the semiconductor

substrate body 2S, there are formed semiconductor

——__ﬂ______’______
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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 with
impurities of different conduction types to form a PN
junction J. . _

The weil 3a is doped with an n-type impurity such
as phosphor (P). On the other hand, the well 3b is
doped with a p-type impurity such as boron. These
wells 3a and 3b have an equal impurity concentfation
as high as a surface concentration of about 1 x 10Y
atoms/cmslor more. Incidentally, this surface
concentration may be higher because nb'element is
formed"therein. In short, the well 3a provides an
n-well, and the well 3b provides a p-well.

In the presént embodiment 1, therefore, a punch-
through voltage between the drain of a MOS:FET and the
semiconductor substrate Sody 2S can be raised even if
the wells 3a and 3b are not so deep. Moreover, the
wells 3a and 3b can have their impurity concentrations
set so high as to improve the létch-up breakdown
voltage and thé soft-error breakdown voltage.

Over the principal plane of the semiconductor
substrate body ZS,'there is formed the épitaxial layer
2E. Over this epitaxial layer 2E, an element forming-i

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) 5N.

The epitaxial layet 2E is made of a single
crystalline Si having such a thickness, e.g., 0.3 um
to 3 ym as td retain the device.characteristiGS'and
the reliability of the gate insulating film aﬁd 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,iayer 2E1
over the well 3a is doped with an n-type impurity such
as phosphor in an impurity condentration of 1 x 10*® to
10 x 1015 atoms/cm®, preferably 1.3 x 10** atoms/cm’.

Of the epitaxial layer 2E moreover, an epitaxial

layer 2E2 over the well 3b is doped with a p-type

impurity sych as boron in an impurity concentrationl
equal to that of the epitaxial layer 2E1 of 1 x 10*° to
10 x 10*° atoms/cm®, 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

—_——m
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doped epitaxiél layer 2E, which is formed with the
pMOS 5P and the nMOS 5N over its epitaxial layers 2El
and 2E2, so that the foilowing first to fifth effects .
can.be adhieved..

'Firstly, the fluctuation of the element
characteristics can be suppressed to improve fhe set
accuracj of the element charécteristics. This is
becéuse the pMOS 5P and the nMOS Sﬁ are formed not
directly in the wells 3a and 3b but over the lightly

doped epitaxial layer 2E so thét their characteristics

(e.g., the threshold voltage or the substrate effect)

can be accurately set without being influenced by the
impuriﬁies of the wells 3a and 3b aﬁd the
semiconductor 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 redﬁced to
improve the tailing characteristics of the pMOS 5P and
the nMOS 5N accqrdingly. Moreover, since the channel
forming region is formed over the lightly doped’
epitaxial layer 2E, the invérsioﬁ 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 can be facilitated.

This is

because the substrate effect can be lowered by forming

the pMOS 5P and the nMOS 5N are formed over the

lightly doped epitaxial layer 2E.

Mofeovet, the wells 3a and 3b can have their

impurity concentrations set substantially

independently of those of.-the pMOS 5P and the nMOS 5N

so that the they can be set higher than those of the

prior art. This is because the latch-up resistance of

the CMOS (Complementary Metal Oxide Semiconductor)

circuit can be improved to make the circuit layout

design sufficient against the latch-up breakage.

Moreover, it is'possible to prevent the punch-through

of the MOS: FET.

Fourthly, the time period for a thermal treatment

to form the wells 3a and 3b can be shortened.

because the wells 3a and 3b can have their impurity

This is

concentrations set to higher levels than those of the

prior art substantially indépendently 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
imﬁroved. '

The field insulating film.4, as formed in the
element.isolating.region, is made of a silicon oxide
film such as silicon oxide'(Sioz), 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 embodiméﬁt_l, 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 against the parasitic MOS*FET

_below the field insulating film 4. In other words,

the field insulating film 4 is extended over the
semiconductor substrate body 2S moré deeply than fhe
epitaxial layer 2E.

| As a result, the step of introducing the impurity
for_forming the chanﬁel 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 actién speed of the
semiconductor integrated circuit device. Still
moreover, the draih breakdown voltage is.regulated by
the'overlapping portion Setween the drain end portion

and the end portion of the channel stopper so that the

g - o This Sheet Has Been R,
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drain breakdown-voitage can bé raised,_

The pMOS 5P is formed over the epitaxial layer
2E1. On the other hand, the nMOS 5N is formed over
the'epitaxiai layer 2E2. Moreover, these pMOS 5P and
nMOS 5N form a CMOS circuit.

The pMOS 5P has the'following components: a pair
of semiconduétor regions (or seventh regions) 5P1 and
5P2 formed in the upper portion of the epitaxial layer
2E and spaced from each other; a punch-through stopper -
semiconductor region (or eighth region) 5P3 formed
between the paired semiconductor regions 5P1 and 5P2;
a gate insulating film 5P4 formed over the epitaxial
layer 2E, and a gate electrode 5P5 formed over the
gate 1nsulat1ng film 5P4. Inc1dentally, the punch—
through stopper semiconductor region may be
abbfeviated to the punch-through stopper.

The semiconductor regions 5P1 and S5P2 are regions
for forming.the sourée/drain regions of the pMOS 5P
and are doped with a p-type impurity such as boron.
The impurity concentrations of the semiconductor
regions 5P1 and 5P2 are about 0.5 x 10%° to 5 x 10% .
atoms/cm®, preferably 1 x 10%° atoms/cm®. | o

The semiconductor regions 5P1 and 5P2 are given
such a fhickness of about 0.1 pym as to come within thé
range of the thickness of the epitaxial layer 2E. 1In

—.-R
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this case, the regions having the maximum imﬁurity
concentrations are as deep as abou£?0.04 pm to. 0.07
pm.

The punch-through stopper 5P3 is a semiconductor
region which is formed to improve the punch-through
breakdowh voltage between the semiconductor regions
5P1 and 5P2, so that the puneh-through breakdown
voltage between the sourcé& and the drain can be
improved. Specifically, since the semiconductor
regions 5P1 and 5P2 are formed in the lightly doped
epitaxial layer 2E1, the punch-through stopper 5P3 is
effective to improve the punch-through breakdown
voltage..

The punch—throagh stopper $P3 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 2El, as exemplified by 5 x
10** to 1 x 10“.atoms/cmﬂ preferably 2 x 107 atoms/
cm®. 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 5P1 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 over the epitaxial layer 2E.

a result, the following first and second effects can

be achieved.

Firstly, the gate insulating film 5P4 can have

its quality improved to raise its breakdown voltage.

Secondly, the gate insulating film 5P4 can also have

As

its defect density (i.e., the number of defects to be

caused within a predetermined range) improved (or

reduced) by one figure or more. Incidentally, the

gate insulating film 5P4 is formed by thermally

oxidizing the epitaxial layer 2E, for example.

Moreover, the improvement in the breakdown voltage of

the gate insulating film, as formed over the epitaxial

layer, and the aforementioned thickness of the

Serial No.

epitaxial layer are disclosed in U.S. Application

Office on July 28, 1995. Here, the content of this

disclosure is inserted as a reference to the present

invention.

The gate electrode 5P5 is made of a film of a

poly-silicon single layer having a low resistance.

, as applied before U.S. Patent

However, the gate electrode 5P5 should not be limited

....31_
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to the low-resistance poly-silicon single film but
could be'modified in such various manners as to have a
structure ih which a silicide film of WSi, (or tungsten
silicide) overlies the low-resistance poly-silicon
£1lm. |

On the other hand, the nMOS 5N has the following
cdmponents: 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
other; a purich-through stopper semiconductor region
(or eighth region) 5N3 formed between the paired
‘'semiconductor regions 5N1 énd SN2; a gate insulating
film 5N4 formed over the epitaxial layer 2E; and.a
gate electrode 5N5 formed over the gate insulating
film 5N4. Incidentally, the punch-through stopper
semiconductor region may be abbreviated to fhe punch-
_through stopper.

The semiconductor regions 5N1 and 5N2 are regions
for-forming the source/drain régions of the pMOS 5N
and are doped with an n-tjpe impurity'such as phosphor
or arsénic'(As). The impurity concentrations of the
semiconductor regions 5N1 and 5N2 are about 0.5 x 10%
to 5 x 10%* atoms/cm®, preferably 1 x 10% atoms/cm’.

The semiconductor regions 5N1 and 5N2 are given
such a thickness of about 0.1 pm as to come within the

e
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range of the thickness of the epitaxial layer 2E.

this case, the regions having the maximum impurity

concentrations are as deep as about 0.04 ym to 0.07

pm.

Thus, semiconductor regions 581 and 5S2 are

In

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 whidh is formed to improve the punch-through

breakdown voltage between the semiconductor regions

5N1 and 5N2,

so that the punch-through breakdown

voltage between the'source and the drain can be

improved while suppressing the extension of the

depletion layer.

Specifically, since the

‘semiconductor regions 5N1 and 5N2 are formed in the

lightly doped epitaxial layer 2E2, the punch-through

stopper 5N3 is effective to improve the punch-through

n-type impﬁrity such as phosphor.

~ breakdown voltage.

The pundh-through stopper 5N3 is doped with an

The punch-

through

stopper 5N3 has an impurity concentration higher than,'

that of the epitaxial layer 2E2,

10 to 1 x 10'® atoms/cm®,

3

cms. .

as exemplified by 5 x

preferably 2 x 10' atoms/

The depth of the punch-through stopper 5N3 is so

- 33 -
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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 5N1 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 f£film) having a thickness of about 180
angstroms and formed over the epitaxial layer 2E. As
a resulﬁ, the following first and second effects can
be achieved. As a result, there can be attained
effecté'similar to those of the aforementioned pMOS
5P. Specifically, the gate ihsulating fiim 5N4 can
have its quality improved to raise its breakdown
VOltage, and the gate insulating film 5N4 can also
have its defect density improved by one figure or
more. '

The gate electrode 5N5 is made of a film of a
poly-silicon single layer having a low resistance.
However, the gate electrode 5N5 should not be limited
to the low-resistance poly-silicon single film but
could be.modified in such various manners as to have a
structure in which a silicide fiim of WSi, (or tungsten

silicide) oveflies the low-résistahce poly-silicon
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film.

On this semiconductor substraéé 2, there .is
deposited an insulating film 6 which is made of SiO,,
for example. This insulating film is formed in
predetermined positions with connection holes 7 which
expose the éemiconductor 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 electridally connected through the
connection holes 7 with electrodes 8P1 and 8P2,
respectively. Moreover, the sémiconductor regions 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 8P1, 8P2, 9N1 and 8N2 and the first-

. layer wiring line 8L afe formed of a metal film which

is made of an aluminum (AQ)-SifCopper (Cu) alloy,.for'
example. |

On the insulating film 6, there is deposited a
surface pfotecting film 9 which is formed by
laminating a Si0, f£ilm (or silicon oxide film) and a
silicon nitride (Ssi,N,) film sequentially in the

recited order from the bottom so that the electrodes

This Sheet Ha

e Il T Iill



10

15

20

25

8P1, 8P2, 8Nl and 8N2 and the first-layer wiring line
8L are coated. Incidentally, this semicondﬁctor
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 anaiog circuit.

This differential amplifier 10 is composed of
pMOSes 5Pa and SPb.as load eléments.

Input elements nMOSes 5Na and 5Nb have their
respecéive gate electrodes electrically coﬁnected 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 vdltage VDD and the nMOS 5Na

composing the constant current circuit. Moreover, the

| nMOS 5Pb and the nMOS 5Nb are connecfed in series

between the supply voltage VDD and the nMOS 5Na
composing the constant current circuit. Incidentally,
the wiring line for connecting the pMOS 5Pb and the
nMOS 5Nb is electrically connected with an output
terminal OUT. |

The pMOSes SPa and 5Pb have their gate electrddes
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electrically connected with each other and with a
wiring line for connecting the pMOS SEa and the nMOS
BNa electricallf.

Next, a method of manufacturing_the.semiconductor
integrated circuit device of the present embodiment 1
will be described with reference to'Figs. 1 and 3 td
11. |

First of all, the semiconductor substrate body 2S
made bf a p-type silicon (Si) single crystalline wafer
having a specific.resistance of 10 nem and a thickness
of 500 pm, for example, is prepared, as shown in Fig.
3. This semiconductor substrate body.2S is doped with
a p-typé impurity of boron in a dosage of 1 x 10'° to
10 x 1038 atoms/cm?, preferably 1.3 x 10 atoms/cm®, for
example.

Subsequently, the semiconductor substrate body 2S
is formed on its principal plahe with an insulating
film of SiO0, 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) method. Of those insulating films,
moreover, the n-well forming region is removed by the
photolithography and the etching technique to form
insulating film patterns lla and 11b.

After this, these insulating film patterns lla

This Sheet Has B

S | (1)



10

15

20

25

and ilb 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 phosphnr. After this,
the semiconductor substrate body 2S is thetmélly

oxidized to form the well 3a containing the n-type

-impurity over the semiconductor substrate body 2S, as

shown in Fig. 4.

Incidentally, at this treatment, the exposed
portion of the semiconductor substrate body 2S in the
n-well forming region is formed_with a thick
insulating film 12 of Si0,, for example.

Next, after the insulating film patterns 1lla and
11b have been removed, the insulating film 12 is used
as the mask to implant tne principal plane of' the
semiconductor substrate body 2S with the ions of a
p-type impurity, for example. By‘thermally treating
the semiconductor substrate body 2S, moreover, the
well 3b (or p-well) containing the p-type impurity is
formed adjacent to the aforementioned well 3a over the
semiconductor substrate body 2S.

Here,'the wells 3a and 3b can have their impurity
concentrations set to a level as high as 1 x 10V
atoms/cm® or more. In the present embodiment 1,
mo:eover, the punch-through breakdown voltaée 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 héve their impurity concentrations set to thé
high level, it is also possible to improve the
latch-up resistance and the soft-error resistance.
'Subsequently, the semiconductor substrate body 28
is subjected to the CVD treatment (of the epitaxiai
growth) atlabout 800 to 1;000°C by using monosilane
(SiH,) gases and hydrogen (H;) géses, to form the
epitaxial layer 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 2S, as shown

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

substrate 2 in which the epitaxiai layer 2E is

laminated over fhe semiconductor substraté body 2S.
After this, as shown in Fig. 7, the semiconductor

substrate 2 is subjected to_the_LOCOS (Local Oxidation

of Silicon) oxidation to form the field insulating

£ilm 4 in the element isolating region. Here in the

present embodiment 1, the bottom porfion of the field

insulating film 4 reaches the upper portion of the

semiconductor substrate body 2S.
In the present embodiment 1, however, the

impurity concentrations of the wells 3a and 3b can be

\.
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set to the high levei to isolate the elements
satisfactorily so that the channel éfopper need hardly
be formed below the field insulating film 4.

As a résult, the step of introducing the impurity
for forming the channel stopper can be reduced to
shorten the time'period for manufacturing the
semiconductor integrated circuit device. Moreover,
since the parasitic cépacity to #e caused by the
channel stopper caﬁ be eliminated, the action speed of
the semicondudtor-integrated circuit device can be
improved. Still moreover, although the drain
breakdown voltage is regulated by the superposed
portions between the drain end portioh and the end
portion of the channel sfopper; 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 implaht the epitaxial layer 2E1 over the
well 3a with the ions of an n-type impurity such as
phosphor. The dosage at this time is about 1 x 10
ions/cm?. Here, the photoresist pattern 13a is formed
of a photoresist film.

Subsequently, the photoresist 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 impiant the epitaxial layer 2E2
over the well 3b with the ions of a p-type impurity
such as boron. Thé dosage at this time is about 1 x
10“.ions/cmﬂ

After this, the semiconductor substrate 2 is
subjected to a thermal freatment to set the impurity
concentrations of the epitaxial layers 2E1 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 that region.

Here, the epitaxial layers 2E1 aﬁd 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
regioﬁ of thé 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 2E1l is exposed, and this photoresist pattern is
used as the mask for implanfing the epitaxial layer

2E1 with the ions of an n-type impurity such as

phosphor through the (not-shown) thfough 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) photoresist pattern,
through which the region of the epitaxial layer 2E2 is
exposed, is formed and used as the mask to implant the
epitaxial layer 2E2 with a p-type impurity such as
boron through the (not-shown) through film. The
dosage at this time is about 1 x 10 ions/cm?.

After this, the semiconductor substrate 2 is
subjected to fhe.thermal treatment to form the punch-
through stoppers 5P3 and 5N3 in the epitaxial layer
2E, as shown in Fig.!9. These punch-through stoppers
5P3 ané 5N3 have their depthslset to form their
maximum peak portions in a position of a depth of bout
0.05 pym from the principal plane of the epitaxial
layer 2E. Here, the through film is formed of a
silicon oxide film, fof e#ample, by the thermal
oxidation or the CVD method. |

Next, a:ter the aforeﬁentioned through films have
been remo&ed,,the epitaxial layers 2El1 and 2E2 are
formed thereover with the gate insulating films 5P4
and 5N4 by'the thermal oxidation or the like.

.Subsequently,-after a conductor film of low-
resistance poly-silicon has been deﬁosited on the

semiconductor substrate 2 by the CVD method or the

.\\
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like, it ié patterned by the photolithography or the
CVD method to form the gate electrodes 5P5 and. 5N5
over the gate insulating films 5P4 and 5N4, as shown
in Fig. 10. |

After this, the paired semiconductor regions 5P1,
5P2, 5N1 and 5N2 are formed in self-alignment with the
gate electrodes 5P5 and 5N5 by doping impurities of
different conduction types into the epitaxial layers
2E1l and 2E2 by using the gate electrodes 5P5 and 5N5
as the différeht photoresist masks. Thus, the pMOS 5P
is formed over the epitaxial layer 2E1l, and the nMOS
5N is formed over the epitaxial layer 2E2.

The impurity concentrations of those
semiconductor rggions 5P1, 5P2, 5N1 and 5N2 are about
0.5 x 10%®° to 5 x 10%° atoms/cm®, preferably 1 x 102%°
atbms/cm3. Moreover, the semiconductor regions 5P1,
5P2, 5N1 and 5N2 have their bottom portions set deeper
than the punch-through stoppers 5P3 and 5N3 but
shallower than the wells 3a and 3b.

Next, as shown in Fig. 11, the 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 connectioh 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 subsfrate 2 the conductor film of an
AR-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 SiO, film and the Si;N, film are
sequentially laminated in the recited ordef from the
bottom over the semiconductor substrate 2. After
this, the surface passivation film 9 is partially
formed with bonding pad connection holes to end the
manufacturé of the semicénductor integrated circuit
device.

Thus, the following effects can be achieved .
according to the present embodimen; 1:

(1) The heavily doped wells 3a and 3b are overlain by
the lightly doped epitaxial layer 2E having the
epitaxial layers 2El1 and 2E2, on which are mounted the
pMOS 5P and the nMOS 5N. As a result, these pMOS 5P
and nMOS 5N can have their characteristics (e.g., the
threshold voltage or the substrate effects) accurately
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 ;ﬁe nMOS 5N can have
their characteristic fluctuations suppressed to
improve the setting accuracy of the characteristics.
(2) The pMOS 5P and the nMOS SN are mounted on the
lightly doped epitaxial layers 2E1 and 2E2 so that the
junction capacity of the drain can be reduced. As a
result, the pMOS 5P and the nMOS 5N can have their
tailing characteristics improved to improve the
carrier mobility. As a result, it is possible to
improve the action speed of the semiconductor
integrated circuit device.

(3) The pMOS Sp,.the nMOS 5N and so on are formed in
the epitaxial layer 2E. As a result, 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 iayer 2E, on which are
mounted the pMOS Sf.and the nMOS 5N. As a result, the
impurity concentratiéns-of the wells 3a and 3b can be
set substantially independently of the characteristics
of the pMOS 5P and the nMOS 5N sb fhat the impurity

concentrafions of the wells 3a and 3b can be set to

-higher levels than those of the prior art.

(5) Thanks to the aforémentioned 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), if is
possible to make the circuit léyout 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
bossible to improve the pﬁnch-through resistance in
the semicénductor.substrate.'

(9)_ Thapks to the aforementioned effects (3) and (6),
it is possible to facilitate the circuit design,of_the
semiconauctor integrated cifcuit device.

(10) Thanks to the aforementioned effect (4), it is
possible to méke the wells 3a and'3b shallower than
those of the prior art, so that the time period for
thermally treating the wells 3a and 3b can be |
dréstically shortened. 1In case the treating
temperaturé is held constant, for example, the time
period can be shortened from six hours in the prior
art to about thirty miﬁutes.

(11) Thanks to the aforementioned effect (10), it is
possible to dréStically redude the warp and the
crystal defect 6f 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 fof forming the channel stopper can be
eliminated. This makes it possible to shorten the
time period for manufactﬁring the semiconductor
integrated circuit device. |

(13) Thanks to the aforemientioned 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 prevent the
crystal’defect or.the like of the semiconductor
substrate body 2S due to the 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 actidﬁ'speed of the

semiconductor integrated circuit device.

{15) Thanks to the aforementioned effect (4), no
channel stépper’need be formed below the field
insulating film 4. As a result, it is possible to
improve the drain breakdown voltage which is regulated

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
thé 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 ovér the epitaxial
layer Zﬁ so that the gate”insulating films 5P4 and 5N4
can have their film qualities improved to improve
their breakdown voltages.

(18) The éate insulating films 5P4 and 5N4 of the
pMOS 5P and the nMOS 5N are formed over the epitaxial

layer 2E so that the gate insulating film 5P4 can have

"its defect density improved (or reduced) by one figure

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

~indiwvidual 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'sfructure so that the

£film qualities of the gate insulating films of the

pMOSes 5Pa and 5Pb and the nMOSes 5Na 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) Thé differential amplifier 10 is constructed of
the MOS: FETsS having the present structuré so that the
sources-drains of the pMOSes 5Pa and 5Pb and the
nMOSes 5Na to 5Nc composing the differential amplifier
10 have théir 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 iﬁprove the high-frequency characteristics
of the differential amplifier 10. '

(22) The differential amplifier 10 is consfructed of
the MOS'FETs.having the present structure so that the
substrate effect can be reduced to determine the
threshold voltage uniquely with the amount of ion
implantation by the channel-doping. As a result, it
is possible to reduce the offset voltages of the
nMOSes 5Na and 5Nb used for the differentiafion.

(23) The differential amplifier 10 is constructed of
the Mos-FETs'having the present strﬁcture so that the
sources-drains of the pMOSes 5Pa énd 5Pb and the
nMOSes 5Na to 5Nc composing the differential amplifier '
10 are formed-in the lightly dopéd epifaxial layer 2E.

As a résult, the sub-threshold coefficient in the low
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current region can be reduced, that is, the gra&ient

of the current-voltage characteriséics can be.u.
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 5N3 and the gate insulating films 5P4
and 5N4. As a result, it is possible to increase the
gain of thé differential amplifier 10.

( Embodiment 2)

Fig. 12 is a section showing an essential portion
of a semiconductor integrated circﬁit device aécording
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 étructure 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 aré parasitically formed below the
field insulating film.

| In this case, fhe majority carriers to be
prbduced by the avalanche phenomenon of the collector/
base jundtion_generafe the base current, to discharge
the minority carriers by driving fﬁe bipolar
transistors.

In case, howeﬁer, thé 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 fof the electrostatic prbtection
circuit‘may have the vertical direction. In other
words, the impurity concentration may be uneven in the
depthwise direction of the semicondﬁctor substrate.
Especially the horizontal bipolar transistor, 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 thé bipolar
transistor thereby to invite the‘current concentration
in thé collector/base junction so that the dieleétric
breakdown voltage in the elements for the

electrostatic protection circuit drops.

S| 11
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The present embodiment 2 proposes a structure for
solving that pfoblem. This structure will be ..
described with reference to Fig; 12. In Fig. 12, the
righthand side shows an internal cirduit 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 embodimenf 2, however, in thg 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 dopéd with a p-type impurity such as boron. The
impurity concentration is exemplified by 1 x 10 to 5
x 107 atoms/cm®, preferably 2 x 10'7 atoms/cm’®.

This is because the'p-typé impurity‘of-boron may
diffusé'at the time of forming the field insulating
film 4 so that its concentration may not be
sufficiently retéihed in that contact region. In
order to compensate_this, the channel stopper 14 is
formed. In the remaining poinfs,_the construction is
similar to that of the foregoing embodiment 1.

The electrostatic protection circuit region B is
formed with a horizontal npn bipolar transistor 1l5a

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 impurity concentrations set to equal to or

higher than those of the wells 3a and 3b. In short,
the impurity concentrafions 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 thei; 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.léyers 253 and 2E4, where the
concentrations aré locally lower, thereby to éliminate
the deviation of fhe minority carriers in the base
regions 15al and 15bl at the action times of the
bipolar transistors 15a and 15b for the electrostatic
protection circuit.

As a result, any local current concentration can '
be prevented from occurring in the epitaxial layers
2E3 and 2E4 to produce the electric cﬁrrent uniformly
in the collector/base junction so that thé
electrostatic breakdown voltage can be prevented from
dropping in the_bipolér transistors 15a and iSb for

the electrostatic protection circuit.

—_—

_—
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These epitaxiai layers 2E3 and 2E4 have their
impurity concentrations set by the ordinary

photolithography technique and ion implantation

technique, for example.

Specifically, the semiconducfof 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 epitéxial 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 paftern is removed,
and the (not-shown) photoresist pattern for exposing
the region of the epitaxial layer"2E4 is then formed
and uséd as tﬁe mask to implant the epitaxial layer
2E4 with é p-type impurity such as boron through the
(not-shown) through film. The dosage at this time is
exemplified by 1 x 10*® ions/cm?.

After this, the semiconductor substrate 2 is
subjected to a thermal treatment to set the impurity
concentrétions and distributions of the.epifaxial
layers 2E3 and 2E4.

Thus,_ip the present embodiment 2, the following

effects can be attained in addition to the effects (1)

Thxs ‘Sheet Has Been' RT
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to (11) and (16) to (24), as obtained in the foregoing
embodiment 1. B

Specificaliy; the impurity concentrations of the
epitaxiél layers 2E3 and 2E4 in the electrostatic
protection circuit region B are set equal to or higher
than those of the wells 3a and 3b so thét 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 epitaxial.layers 2E3 and 2E4, where
the coﬁcentrétions are locally lower, thereby to
eliminate the deﬁiation 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
concentration can be prevented from occurring in the
epitaxial layers 2E3 and 2E4; to produce a uniform
current flow-in the collector/base junction so that
the eléctrostatic 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 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 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
cha;actéristics of the carriers, as latched in the

capacity element portion, are an important performance

.index.’ These holding characteristics are

substantially determined by the amount of charge, as
stored in thé capacity element portion, and the pn
junction leakage current of the memory circuif, but
have to be considered for the so-called "soft-error
phenomenon", in which the stored charge disappears due
to the influences of the electron-hole pair to be
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 structuré of the aforementioned
embodiment 1 is applied to the memory circuit, the

junction capacity is small, and there is no impurity

.. This Sheet Has Been RT
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region of high concentration excepting the wells 3a
and 3b. As a result, no barrier layer may be .for the
carriers produced in the wells 3a and 3b by the alpha
ray, thereby to lower the holding characteristics.

The presént embodiment 3 proposes a structure for
solving that problem. This structure will be
described with reférencé to Fig. 13. 1In Fig. 13, the
righthand side shows thé internal circuit region A,
and the lefthand side shows a memory cell array M.

The construction of the internai circuit is
similar to that of the foregoing embodiment 1. In fhe
present embodiment 3, however, for the same reason as
that of the foregoing embbdiment 2, the channel
stopper 14 is formed ih the region in which the weil
3b containing the p-type impurity such as boron and
the field insulating film 4 are in contact. The
remaining construétion is identical to that of thg
foregoing embodiment 1.

- The_memory'cell array M is arranged with a
plurality of memory cells MC. Each of these memory
cells MC of the DRAM is composed of a transfer MOS:FET
16 and a caﬁacitor (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 gaté inshlating film 16N3
formed over the epitaxial layer 2E; and a gateJ
electrode  16N4 formed over the gate insulating film
16N3.

The semiconductor regions 16Nl and 16N2 are
regions forming the sdurce/drain regions of the
transfer MOS:FET 16 and are doped with an n-type
impurity such as phosphor:or arsenic.

The impurity'concéntrations of the semiconductor
regions 16N1 and 16N2 are exemplified by 1 x 10'® to 5
x 10% atoms/cm®, preferably 3 x 10'® atoms/cm®. The
semiconductor regions 16N1 and 16N2 have their depths
set tolfall within the range of the fhickness of the
epitaxial layer 2E. In the memory cells of thie DRAM,
the source/drainlconcentration is lower than that of
the MOSFETS composing the peripheral circuits.

One semiconductor region 16Nl is electrically

connected 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 A¢-Si-Cu alloy, for
example, and is formed simultaneously with the first-
layer wiring ;ine 8L and so on.

The other semiconductor region 16N2 is
electrically conhected 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 capatitative insulating film 17b

is formed of an insulating film of Si;N, or tantalum
oxide (Taoa). Moreover, the upper e;ectrode 17¢c is
formed of a conductor f£ilm of low-resistance poly-
silicon or WSZ.. o

Incidentally, in the present embodiment 3, the

.epitaxial layers 2E5 and 2E6 in this memory cell MC

have their impurity concentrationé set equal to or
higher than thbse of the wells 3a and 3b.
Specifically, the impurity concentfations of the
epitaxial layers 2E5 and 2E6 are set to 1 x 10Y
atomé/cmﬁlor more.

As a result, it is possible to increase the

junction capacity of the epitaxial layers 2E5 and 2E6

between the semiconductor regions 16Nl 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

. This Sh

lllllllllllll/ i

Replaced

il



10

15

20

25

the capacitor'i?.' As a result, thg memory holding
characteristics from dropping even in'case the-
structure of the foregoing_embodiment 1 is applied to
the semiconductor integrated circuit device having the
DRAM. Specifically, the barrier layer for reducing
the invasion of the carriers, which are produced @ue
to the electron-hole pairs by the alpha ray, from the
well 3b into the epitaxial layers 2E5 and 2E6 can be
established by the well 3b and the epitaxial layers
2E5 and 2E6. |

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

Specifically, the semiconductor‘substrate 2 is
formed thereon at first with the (not-shown)
photoresist pattern for expdsing the epitaxial layers
2ES5 and 2E6 in the memory cell array M. After this,
the photoresist pattern is used_as the'mask for
implanting the epitaxial layers 2E5 énd 2E6 with the
ions of an n-type impurity such és phosphor through
the (not-shown) through film. The dosage at this time
is exemplified by 1 x 10** ions/cm?. After fhis,‘the
semiconductor substrate 2 is subjected to a thermal

—_—
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treatment to set the impurity concentratiohs and

distributibns 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), as obtained in the foregoing

.embodiment 1.

Specifically, the impUrify concentrations of the
epitaxial layers 2E5 and Z2E6 in the memory cell array
M are set equél 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 §fe produced due to the electron-hole pairs by
the alpha ray, from invading the capacitor 17. As a
fesult, it is_possible to prevent the reduction of the
memory holding characteristics of the semiconductor
integrated circuit device having the DRAM.

(Embodiment 4)

Fig. 14 is a section showing an essential portion
of a.semi¢Onductor-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 deviée 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 fhe 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 Below the semiconductor
region 16N1 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.i with a punéh-through
stopper'(of an eighth region) 16N5. .  The remaining
construction is similar to that of the foregoing
embodiment 3. Specifically, the layer below the
semiconductor region 16Nl and its neighborhood have
their impurity concentrafions set, over and below the
punch-through stopper 16N5, to levels as low as those
of the embodiment 1.

As a result, ih the present embodiment 4, the

-effects of the foregoing embodiment 4 can be attained

without increasing the load capacity of the data line
8DL. Specifically, it is possible to prevent both the

reductions of the data transfer rate and the memory

- 62 - .. : I
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holding characteristics of the semiconductor
integrated circuit device having the DRAM.

(Embodiment 5)

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

The present embodiment 5 will be described in
connection with the case_fn which the structure of the
foregoing embodiment 1 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 soiving the problem, as will'be
described with reference to Fig. 15. In Fig. 15, the
righthand side shows the internal.circuit region A,
and the lefthand side shcws 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
confaining the p-type impurity of boron and the field

insulating film 4 are in contact with each other. The

.
- 63 - . _I This Sheet Has Been Repl

Oy

I



10

15

20

25

remaining construction is identical to that of the
foregoing embodiment 1.

The memory cell array M is arranged with a
transfer MOS:-FET 18 and a driver MOS-FET 19. Each
memory cell of the SRAM is composed of a pair'of
driver MOS‘:FETs 19, a pair of transfer MOS:FETs 18,
and a pair of load elements. The paired driver
MOS: FETs are cross-connected.

The transfer MOS-FET 18 is composed of the
following components: a pair of semiconductor regions
18N1 and 18N2;fprmed over the epitaxial layer 2E and
spaced from each other; a gate insuléting film 18N3
formed over the epitaxial layer 2E; and a gate
electrode formed over the gate insulating film 18N3.

The semiconductor regions lsﬁl'and 18N2 are
regions for forming the source/drain regions of the
transfer MOS-FET 18 and are dopea with an n-type
impurity such as phosphor or arsenic.

The impurity concentrations 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 5Nl and 5N2 have.theif depths
set to fall within the range of the thickness of the
epitaxial layer 2E.

One semiconductor region 18Nl of the transfer

)
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MOS- FET 18 is electrically connected with the data
line 8DL through the connection holé 7 which is formed
in the insulating film 6. The other semiconductor
region 18N2 of the transfer MOS’?ET 18 is electrically
connected with a gate electrode 19Nl of the driver
MOS* FET 19 fhrough a connection hole 7a. Like the
semiconductor regions 18Nl and 18N2 of the transfer

MOS- FET 18, the (not-showh) semiconductor regions

forming the source/drain regions of the driver MOS:FET

19 are formed in the epitaxial layers 2E5 and 2E6.

In the_present embodiment 5, the impurity
concentrations of the epitaxial layers 2E5 and 2E6 in
the'membfy cell array M are set équal to or higher
than those of the wells 3a and 3b. Specifically, the
impurity concentfations of the epitaxial layers 2E5
and 2E6 are exemplified by 1 x 10' atoms/cm® or
higher.

As a result, it is'possible to increase the
junctioh capacity in the epitaxial layers 2E5 and 2E6
between the drain region of the driver MOS'FET 19 and
the epitaxial'layers.ZES and 2E6 and to form a barrier
layer for preventing the carriers produced due to the
electron-hole pairs by the alpha ray, as in the
foregoing embodiment 3, from invading the data holding

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

Incidentally, 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, éffer the gate insulating
films 5P4, 5N4, 18N3 and 19N2 have been formed.

‘Thus, according to the present embodiment 5, the
following effects can be achieved in addition to the
effects (1) to (11) and (16) to (24), as obtained in
the forégoing embodiment 1.

Specifically, the impurity cohcentrations 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 prevénting the carriers,
which are produced due to the electron-hole pairs by
the alpha ray, from invading the information holding
portion. As a result, it is possible to prevent the
reduction of the mémory holding characteristics.

(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 presenthinventibn.

The semicdnductor 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, only the layers below the region to be formed with
the driver MOS;FET 19 and the semiqonductor region
18N2 to be.connected with the gate electrode 19Nl of
the driver MOS:FET 19; and their neighborhoods have
their iﬁpurity concentrations set equal to or higher
than those.of the wells 3a and 3b, as shown in Fig.
16. |

Qf the seﬁiconductor regions 18N1 and 18N2 of the
transfer MOS: FET 18, moreover, the layer below the

semiconductor 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 embodimentll with a
punch-through stopper 18NS5. ‘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 impurity 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 fafe and the memory
holding chafacteristics of the semiconductor
integrated circuit device having the SRAM.

.(Embodiment 7)

'Fié. 17 is a section showing an essential portion
of a semiconductor integrated circuit device éccording
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 (Electricaliy Erasable
Programmable ROM). _

In Fig. 17, the righthand side shows the internal
circuit region A, and the lefthand side shows the
memory cell array M.

.The construétion of the internal circuit is

similar to that of the foregoing embodiment 1. 1In the

' T'ns Sheet Has Bee
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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
insulating film 4 are in contact. The remaining
constructien is identical to that of the foregoing
embodiment 1.

_ The memory celi arrai'M is arranged with a
plurality of memory celle'MCI. The memory cell MCl of
this case is composed of the following components.

Specifically, the compenents are: a pair of
semiconductor regions 20N1 and 20N2 formed over -the
epitaxiel layer 2E and spaced from each other; a gate
insulating film 20N3 formed over the epitaxial layer
2E; a floating gate electrode 20N4Ifermed over the -
gate insulating film 20N3; an insulating film 20N5
formed over the floating gate'electrede 20N4; and a
control gate electrode 20N6 formed over the insulating
f£ilm 20N5.

The semicondﬁctor regions 20Nl and 20N2 are doped
with an n-type impurity of phosphor or arsepic. The
impﬁrity cencentrations of the semiconductor regions
20N1 and 20N2 are preferably exemplified by 1 x 10%°
atoms/cm®.

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"fegion
20N1 is electrically formed with the data line 8DL
through the connection hole 7 which is fsrmed in the-
insulating film 6.

The floating gate electrode ZON4 is an electrode
for storing the charge to contribute to the storage of

information. The controlégate electrode 20N6 is an

electrode for controlling storage and discharge of thé'

charge to contribute to the information storage. Both
the floating gate electrode 20N4 and the control gate
electrode 20N6 are made of low-resistance pOiy-
silicoﬂ.

Here in the presént embodiment 7, the épitaxial
layers 2E5 and 2E6 in the memory cell array M have
their impurity concentrations set equal to or higher
than those of the wells 3a and 3b. Specifically, the
impurity concentrations of the epitaxial layers 2E5
and 2E6 are set to 1 x 10 atoms/cm® or more.

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

the foregoing embodiment 3.
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Since fhe 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 ih the epitéxial layers 2E5 and 2E6.

(Embodiment 8)

Fig. 18 is a section showing an essential portion
of a semiconductor integré@ted 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.

Iﬁ-the present embodiment 8, the element
isolating portion has a channel structure, as shown in
Fig. 18. The remaining constructién is similar to
that of the foregoing embodiment 1.

An element isolating portion 21 is formed by
burying insulating films 21b and 2lc in a channel 2la
which is formed to reach the weils.sagand 3b of the
seﬁiconductor substrate 2. The insulating film 21b,
as forméd on the'surface of the channel 2la, is made
of Sio,, fof 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.

Specifically, the surface of the channel 2la is a

portion to come into direct contact with the

semiconductor substrate body 25 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 ifiethod for providing an

excellent film gquality.

On the other hand, the other insulating film 2lc

in the channel 2la is made of Si0,, for example, by the’

SOG (Spin On Glass) method or the like.

the method - of forming the insulating film 2l1lc should

not be limited to the SOG method but may be

exemplified by the CVD method.

Next, the process for manufacturing the

Incidentally,

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 stége, no impurity is contained in

the epitaxial layer 2E.

Moreover, the semiconductor

- 72 -

* This Sheet Has Beg

- (i il

ji”



substrate body 2S is formed thereover with the wells
3a and 3b.

_Subsequently, this photoresist pattern 13b is
used as the etching mask to etch off'the epitaxial
.layér 2E and the upper portions of the semiconductor
substrate body 2S, as exposed from the phoforesist
pattern 13b,'by the dry-etching method, for example,
thereby to form the chann&€l 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 fdrm'the'insu;ating film 21b of SiO, having
a thickness of abouf 1;000 angstroms over the |
principal plane of the semiconductor substraté'z
formed with the channel 2la, as shown in Fig. 21.

After this, the insulating film 2lc 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 21c has its upper
portion so removed to flatten the upper surface of the
semiconductoi substrate 2, as shown in Fig. 23, by the
etch-back method or the CMP (Chémical Mechanical
Polishing) method that it méy be left only in the
channel 21a. Inéidentally, the subsequent steps 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 foregoing embodiment 1.

(1)

Thanks fo the channel structure,

the element

isolating portion 21 can be easily formed even if the

epitaxial layer 2E is thick.

(2)

Thanks to the channel structure,

the element

isolating portion 21 can be formed without enlarging

its occupation area so that the degree of integration

of the elements can be improved.

(3)

Thanks to the channel structure of the element

isolatihg portion 21, the chip size can be made -

smaller for the same number of elements than that of

the case in which the element isolating pertion 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 2la, the

semiconductor substrate body 2S and the junction of

the adjoining wells 3a and 3b can be satisfactorily

protected to improve the reliability and production

yield of the semiconductor integrated circuit device

1.

- 74 -
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(5) Thanks t6 the channel structure of the element
isolating portion 21, the flatness of the upper
surface of the semiconductor substrate'zlcan be
drastically improved to improve the transfer accuracy
of the wiring pattern thereover and the wiring
reliability. As a result, it is possiﬁle to improve
the reliability and the production yield of the
semiconductor integrated Eircuit 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 inﬁention.

| Iﬁ.the'present embodiment 9, as shown in Fig. 24,
the element isolating portion 21 is formed of a field
insuléting.film (or second oxide film), and two
semiconductor regions 2le and 21f of different
conduction types formed below the field insulating
£film 214 and adjacent to each other. The remaining
construction is similar to thét of the foregoing
embodiment 1. '

These semiconductor regions Zlé and 21f are
extended from the loWer face of the field insulating
film 21d to the upper portions of the wells 3a and 3b.

The semiconductor region (or third region) 2le

over the well 3a is doped with an impurity of the same

ThlS Sheet Has Been
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conduction type'as that of the impurity contained in
the well 3a such as an n-type impurity of phosphor.

On the other hand, the semiconductor region (or
fourth region) 21f over the weil'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 regions for
individually forming the semiconductor regions 2le and
21f are doped with individual impurities for the
element isolations by using the (not-shown) different
photoreeist patterns as the masks.

Subsequently, the semiconductor substrate 2 is
formed thereoyer with the(not-shown) pad film of SiO,,
for example, by the thermal oxidation method or the
like, and this pad film is formed thereover with the
(ndt-shown) oxidation-resistant insulating film of
SigN4, for example.

After this, of the pad film and the oxidation-
resistant insulating film, the po:tions 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 eubstrate 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 Zlf below the former.

Thus, according to the preseht embodiment 9, the
following effects can be acﬁieved in addition to the
effeets (1) to (11) and (16) to (24), as obtained by
the foregoing embodiment 1.

Specificelly, the elemeht isolating portion 21 is
formed of the field insuléting film 21d and the two
semiconductor regions 2le and 21f of different
conduction types formed below the field insulating
film 21d and adjacent to each other. As a result, the
element isolating portion 21 can be easily formed even
if the‘epitaxial_layer 2E is thick.

(Embodiment 10)

Fig. 25 is a section showing an essential portion
of a semiconductor_integrated circuit device according
to a further embodiment of the present inwvention.

In the present embodiment 10, as shown in Fig.
25, the elementlisolating portion 21 is formed of two
semiconductor regions of different conduction types
arranged adjacent to eaeh other.

These two semiconductor regions 21g and 21h are
extended tb.reach from the principal plane of the
epitaxial layer 2E to the upper portiods of the wells
3a and 3b.
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The semiconductor region (or £ifth region) 21g
over the well 3a is doped with an impurity of “the same
conduction type as that of the impurityzqontained 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 ﬁell 3b, "such as a p-type impurity of
boron.

Such element isolating portion 21 may be formed,
for example,lby doping the regions for individually
forming the semiconductor regions 21g and 21h with the
individﬁai element isolating impurities by the (not-
shown) separate photéresist 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. .Ag 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
fdllbwing effects can be achieved in addition 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 21g and 21h, the flatness
of the upper surface of the semiconductor substrate 2
can be drastically improved to improve the transfer
accurécy of the wiring pattern over the semiconductqr
substrate 2 and accordingly the wiring reliability.
As a result, it is ppssibfe to improve the reliability
and production yield of the semiconductor integrated
circuit device.
(2) sSince the epitaxial layer 2E has its upper
surface coated with the insulating film 22 which is
formed-ﬁy the thermal oxidation method, the epitaxial
layer 2E and the junction.of the semiconductor regions
21g and 21h can be satisfactorily“protected to improve
the reliability and production yield of the
semiconduétor integrated circuit device.

(Embodiment 11)

Figs. 26.to 29 are sections showing an essential
portion of a semiconauctor integrated circuit device

at manufacture steps according to a further embodiment

of the present invention.
The present embodiment 11 is a modification of
the well forming method, as described in the foregoing

embodiment 1 and so'on. The process for manufacturing

A “ﬁﬁ'ii“fiiilﬁiﬂ"ii!iu
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the semiconductor integrated circui? device of the
present embodiment.ll will be described with reference
to Figs. 26 to 29.

Fig. 26 is a séction showing an essehtial-portion
of the semiconductor substrate 2 in the semiconductor
integrated circuit device manufacturing process of the
preéent embodiment 11. Over the semiconductor '
substrate'body 2s, there has already been formed the
non-doped epitaxial layer 2E by the same method as
that of the foregoing embodiment 1.

Over the epitaxial layer 2E, méreover, there is
formed a photoresist pattern 13c for exposing only one
well fd&ming region to the outside. This photoresist
pattern_13§ is given a thickness of about 2 pm to 3
pm.

First of all, this semiconductor substrate 2 is
implanted with ions of an n-type impurity of phosphor,
for example, by a high energy by using the photoresist
pattern 13c as the etching pattern.

The ion implanting energy at this time is as high
as to bring the n-type'impurity ions to_the upper
portion of the semiconductor substrate body ZS,.such
as 300 KeV to 800 KeV, preférably about 450 KeV.
Moreover, the dosage at this time is exemplified by 1

x 10 to 3 x 10 ions/cm?, preferably 1.5 x 10* ions/
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cm®. _

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

The ion implanting energy at fhis 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.
Moreoﬁéi, the dosage at this fime ié exemplified by 1
x 10 to 3 x 10 ions/cm?, preferably 1.5 x 10! ions/
cmé.

After this, the semiconductor substrate 2 is
subjected to a thermal treatment to form the wells 3a
and 3b in the upper portion of the semiconductor
substrate body 2S and in the lower portion of the
epitaxial laygr'ZE, as shown in Fig. 28.

After'this;_the field insulating film 4 is formed
in the element isolating fegion as in the foregoing
embodiment_l by the LOCOS oxidation methpd 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 caﬁ achieve
effeéts similar to_those of the foregqing embodiment
1.

(Embodiment 12)

Figs. 30 to 33 are sections showing an essential
portion of a semiponductor-integrated circuit device
at manufacture steps acCofding to a further embodiment
of the'present'ihvention. |

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

However, the present embodiment 12 can be applied
to the case, in which there is no well having the
condudtion fjpe 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 showing an essential portion
of the semiconductor substrate body 2S in thé process
for manufacturing the semiconductor integrated circuit

-
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device of the present embbdiment 12. Over the
semiconductor substrate body ZS, 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

~ 2EDb, as is made of-Single crystalline Si doped with a

p-type impurify of boron, ‘by the CVD method (or
epitaxial method). This epitaxial layer 2Eb is used
as the punch-through sfbpper. '

Subsequently, over the epitaxial layer 2Ea, as
shown in Fig. 32, there is continuously grown an
epitaxiél layer 2Ec which is made of non-doped single
crystalline Si.

After this, like the foregoing embodiment 1, the
elemenf isolating region is formed with the field
insuiating film,4, for example, by the LOCOS okidation
method, as shown in Fig. 33. At the subsequent steps,
a predetermined sémiconductor integrated circuit
device may bé manuféctured according to the ordinary
MOS: FET manufacture process.

Thus, according to the pfesent embodiment 12, the
following effects can be achieved in addition to those
of fhe_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 epitaiial
growth.- As a resﬁlt, the control for the impurity
introduction can be e;imihated to facilitate the
manufacture of the semiConductor integrated circuit
device. |

(Embodiment 13)

Figs. 34 to 40 are sé&tions 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-of the well forming method will be described
with reference to Figs. 34 to 40. _'

First of all, as shown in Fig. 34, the
semiconductor substrate body 2S has its principal
plane formed_thereover by the thermal oxidation method
or the like with an insulating film of SiO, or the
like, oﬁ 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 removed by the photolithography 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

- 84 - eet Has Been Re; laced .
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foregoing embodiment 1.

Subsequently, those insulating film patterns 1lla

ahd 11lb are used as the masks to implant the principal

plane of the semiconductor substrate body 25 with the

ions of an n-type impurity as the n-well forming

impurity. The acceleration voltage at this time is

exempllfied by about 120 KeV, and the dosage is

exemplified by about 1 x io® :.ons/cm2

reference characters 3al indicates the region which is

Incidentally,

implanted with the n-well forming impurity.

After this, the portion, as exposed from the

insulating film patterns 1lla and 11b,

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

well forming n-type impurity introduced into the

semiconductor substrate body 2S may not diffuse.

Sﬁbsequently, the insulating film pattern 11lb is

removed, and the insulating film 12 is then used as

the mask to implant the principal plane of the

semiconductor substrate body 2S with the ions of the

p~-well forming impurity such as the p4type impurity of

boron or boron fluoride (BF,), as shown in Fig. 36. At

this time, the acceleration voltage is exemplified by

- 85 -
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about 60 KeV, and the dosage is exemplified by about 8

x 10*? ions/cm?. Incidentally, reference characters
3bl indicates the region which is.implanted with the
p-well forming impurity.

Subsequently, the insulating film pattéern lla and
the insulating film 12 are removed, as shown in Fig.
37, and the semieonductor substrate body 2S is then
subjected to a thermal treéatment. However, the
thermal treatment at this time is intended primarily
to recover the damage due to the 1mplantation of the
ions of the well forming impurity. Hence, this
thermal treatment is so deep that the well forming
impurity'will not substantially diffuse, namely, that
the impurity will not appear in the surface portion of
the semiconductor substrate body 2S.

Considering this, the treating conditions are as
follows, although they cannot be generally spec1fied
because they are different depending upon the products
or the like. That is: the treating temperature is
exemplified by 900°C to.l,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, gaées.

As described above, the semicqnductor substrate
body 2S is subjected to the thermal treatment before

——
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its’principal'plane is formed with'the epitaxial

layer. As a result, the crystal defect in the surface

layer of the semiconductor substrate body 2S due to

the ion implantation of the well forming impurity can

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-doped single

crystalline Si, for example, over 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

about 0.3 pm to 3.0 ym and a specific resistance of

about 200 to 500 ficm. It is sufficient that the

impurity concentration of the epitaxial layer 2E is

lower than that. of the wells.

Next, the semiconductor substrate 2 thus formed

is rinsed with an HF liQuid or the like. After

- 87 -
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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 Si0,, for example, over
the epitaxial layer 2E, as shown in Fig. 39.

However, the thermal oxidation at this time is
done under such treafing conditions éhat the well
forming n-type,las introduced into the semiconductor
substrate body 2S, will né% diffusé. 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 insuléting film 23 is one for
preventing the impurities in the well forming doped
regions 3al and 3bl and so on from diffuéing at the
later-described well diffusion step from the
semiconductor substrate 2 into the diffusién furnace.
to dope the epitaxial layer 2E (as called the
"auto-doping phenomenon").

‘Thanks to the capping insuiating £ilm 23, it_is
possible to supp:ess the diffusion (as called the
"out-diffusion phenomenon") of the impurities of the

well forming doped regions 3al and 3bl at the well

- 88 - I
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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 concentratiop 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 ZE..

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. In these cases, the treating
temperature can be lower than that of the case of the
thermai-oxidation. In case the low-pressure CVD
method is used, for example, the treating temperature
can be lowered to about 740°C, for example.

Subsequently, the semiconductor substrate 2 is
subjected to the thermal diffusion to form the n-type
well 3a and the p-type well 3b, as shown in Fig. 40.
At this thermal diffusion, however, the well forming
impurities are cauééd 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 follows, although they
_ ______________ﬁ____
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are different depending upon the pggduct designing
conditions such as the thickness of the epitaxial
layer, the depth of the well diffusion layer, the
boundary of the adjoining well and the length to be
left with the lightly-doped region. Specifically: the
treating temperature is exemplified by 1,200°C; the
treating time period is exemplified by about i 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 the present embodiment 13, the
following effedts dan be achieved in addition to those
obtained by the foregoing'embodiments 1l and so on.

(1) Prior to the step of forming the epitaxial layer
2E, the sémiconductor substrate body 2S is subjected
to the thermal treatment for recbvering the damage of
the semiconductor subsfrate body 2S due to the ion
implanfation_of the well forming impurifies. As a
result, the crystal defect of the surface layer of the
semiconductor substrate body 28 can be reduced to

recover the damage so that the epitaxial layer 2E

I ————
eet Has Been Reﬁaced '

o \\\\\l\\\\\\\\\\\\\\\ |



10

15

20

25

having excellent crystailizability can be formed.
(2) Prior to the well diffusion treating stepf the
capping insulating film 23 is formed over the
epitaxial 1ayer 2E s0 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 acguracy of the impurity
concentration'in the epitaxial layer 2E.
(3) Thanks to the aforementioned effect (2), the
fluctﬁatien of the electric characteristics (e.g., the
resistivity) of the epitaxial layer 2E due to the
auto-doping phenemenon 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 5P (aslshown 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 invention, 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 inventioh.

| In the pfesent embodiment 14, as shown in Fig.
41, on the epitaxial layer 2E-o£ the semiconductorx
substrate, there are mounted the MOS‘:FETs 5N and 5P
which have the LDD (Lightly Doped Drain) structure.
In other words, the present embodiment 14 is different
in the drain structures.of the MOS: FETs 5N and 5P from
the foregoing embodiment 1.

Specifically, the semiconductorlregions 5N1 and -
5N2 forming the source/drain regions of the MOS‘: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 SNS or the channel forming
region.. The semiconductor regions 5P1 and 5P2 forming
the source/drain regions of the MOS'FET 5P are
composed of heavily doped regions 5Pla and 5P2a and
lightly doped regions 5P1lb and 5P2b formed at the side
of the gate electrode 5PS or the ohannel forming
region.

The semiconductor regions 5N1 and 5N2 of the MOS-
FET 5N_are formed in the lightly doped epitaxial layer
2E2. The semiconductor regions 5N1 and 5N2 of the
MOS: FET 5N are formed in the lightly doped epitaxial

layer 2El.
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Both the heavily doped regions 5Nla and 5N2a and
the lightly dopéd regions 5N1b and 5N2b contain the
n-type impurity of phosphor or As, for example. The
lightly doped regions 5N1lb and 5N2b have their
impurity concentrations set lower than those of the
heavily doped regions 5Nla and 5N2af

Moreover, both the héavily doped regioné 5Pla and
5P2a and the lightly doped regions 5P1b and 5P2b
contain the p-type impurity of phosphor or As, for
example. The lightly doped regions 5Plb and 5P2b have
their impurity concentrations set lower than those of
the heav1ly doped regions 5Pla and 5P2a.

Incidentally, the MOS:FETs 5N and 5P have their
gate electrodes 5N5 and 5P5 formed on their sides with
silicide walls 24 of Si0,, for example, so as to make
the LDD structure. The heavily'dopéd regions 5Nla and
5N2a, and 5Pla and 5P2a are formed in seif-alignment
with the side walls 24. The lightly doped regions
5N1b and 5N2b are formed in.self—alignment with the
gate electrode 5N5. The lightly doped regions 5Plb
and 5P2b are formed in self—aiignmgnt with the gate
electrode 5P5.

In this case, too, the punch#th:ough stoppers 5N3
and 5P3 have their maximum_cqncentration portions

located in positions shallower than those of the

. - This Sheet Has Been Relilaced )
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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 located in the vicinity of the
depth of the lightly doped regions 5Nlb and 5N2b of
the Semigonductor regions 5N1 ahd BN2 and the lightly
doped regions Sflb an SPZE'of'the semiconductor
regions 5P1 and 5P2.

In short, the punch-through stoppers 5N3 and 5P3
are made so deep as tb contact with the lightly doped
regions 5N1b and 5N2b.

Hé?e, a depthwise'impuiity conéentration
distribution 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 (of'zsl) forming the
surface layer of the epitaxial 1ayer-2E is a lightly
doped fegion. In their midway, however, there is
formed a more heavily doped portion than the puncb-
through stoppers 5N3 and 5P3. Below the epitaxial
layer 2E2 (oxr 2El), there are formed the wells éa and
3b as a heaviiy doped region.
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Thus, the heavily doped regions 5Nla and 5N2a of
the MOS‘FET 5N are so formed in the epitaxial layer

2E1 as to contact with the epitaxial layer 2E2 so that

the drain junction capacity can be reduced.

Thus, the present embodiment 14 can achieve
effects similar to those of the forégoing embodiment
1. |

Although our inventign 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_ﬁhe scope of the invention.

For example, the foregoing embodiments 1.to 14
have been described as to the case in which the
presént invention is applied to fhe semiconductor
integrated circuit device having the so—called "double
well structure." Despite of this description,
however, the present invention should not be limited
thereto butlcan be applied to a semiconductor
integrated circuit-device of thé so;called "single
well structure" having one well, as shown in Fig. 43.

On the other hand, Fig. 44 shows a.modification
of the element isolating portion 21 in the case of the
semiconductor integrated circuit device having the
single well structure. The element isolating poftion

-_\“\;“\-;‘~;‘~N\‘
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21 is composed of the field insulating f£ilm 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 substraté_body 2S is doped with the

impurity of the same conduction type as that of the

impurity contained in'theTéemiconductor 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 shows 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 21j 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. Thé remaining construction

is identical to that of the foregoing embodiment 10.

On the other hand, the foregoing embodiments 1 to

- 96 -
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14 have been described as to the case inlwhich the
epitaxial layer. forming the pMOS and the nMOS has its
impurity concentration set by the ion implantation
method separately of another mannfacture step.
Despite of this description, however, the impurity
concentration of the epitaxial layer may be set
according to the desired element characteristics at en
ion implantation step forT}orming the punch-through
stopper, 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 ef the layer below the punch-
through.stopner is set to a predetermined value, and
the impurity concentration of the channel over the
punch?through stopper may be set according to the
desired element characteristicsf'

On the other'hand, the foregoing embodiments 1 te
14 have been described:as to the case in which the SiH,
gases are used at the time of the epitaniel growth.
Despite of this deseription,_however, the present
invention should not be limited thereto but can be
modified in various manners. For exemple,'

—_—
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dichlorosilane (SiH,C%,) 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 present invention is applied to the analog
circuit.. ﬁespite of this description, however, the
present inﬁention should not be limited thereto but
cam also be appiied to a gigital circuit, for example.

Moreover, this digital circuit can be exemplified
by a gate circuit, an adder, a timer, a counter, a
shift register and a pass-transistor gate circuit.

Om the other hand, the foregoing embodiment 1 has
been described as to the case in which the etrmcture
of the present invention is applied to the .
differential amplifier. Despite of this‘descripfion,
however, the present invention should not be limited
thereto buf can also find various applicatioﬂs such as
an AD/DA converter, a comparator,-a modulator or a
sense amplifier of a memory.-

On the other hand, the foreg01ng embodiments 1 to
14 have been described as to the semiconductor
infegrated circuit device having the elements.

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

find various applications including active elements
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sﬁch as bipolar transistérs or diodes, . capacitors
having pn junctions and insulating films bgtwéén
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 described as to 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 éﬁ n-type semiconductor substrate body.

On the other hand, the foregoing embodiments 1 to
14 have been described as to the MOS:FETs. Despite  of
this description, however, the present inveﬁtion
should not be limited thereto but'can also.uée 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
wells. Despite_of fhis description, however, the
present invention should not be limited thereto but

can also modified, as in the foregoing embodiment 6

- 99 - . - This Sheet Has Been Reﬂlaced . .'
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and so on, such that even the epitaxial layer in the
memory cell ariay has its impurity concentration set,
below and near the semiconductér region to be
connected with the data lines, as low as that of the
epitaxial layer. Mcreover; the punch-through stopper
may be formed in the regions having a lower impurity
concentration.

Oon the othér hand, t;e foregoing embodiment 7 has_
beén described as to the case in which the present
structure is applied to the semiconductor integrated
circuit device having the EEPROM. Despite of this
descrippion, howeve:, the present invention should not
be liﬁited thereto but can also find various
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., a.memory circuit having a éapacitor in which a
capacity insulating film made of a ferroelectric
material such as PZT (PbZrTiO,) is sandwiched between
upper and lower electrodes.

On the other hand, the foregoing embodiment 7 has

been described as to the case in which thé epitaxial

—
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layer in the memory cell has its impurity
concentration'set equal to or higher than thaf'of,the
wells. Despite of this description, however, the
present invention should ndt be limited thereto but
can also be nmodified such that the impurity
concentration of the epitaxial layer of the memory
cell is as low as that of the epltaxial layer of the
foregoing emquiment 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
directe@ mainly to the case in which our invention is
applied to the semiconductbr integrated circuit device
having the MOS:FETs providing the background thereof.
Despite of this description, however, the present
invention can also find various applicafions such as
another semicon@uctor integrated circuit device having
a BiCMOS (Bipolar CMOS) in which bipolar transistors
and MOS‘ FETs are mounted on a common semiconductor
substrate.

The effects to be achieved by'a representative
one of the ihvention, 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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ebitaxial layer, as formed over the heavily doped
first and second regions, is formed with the
predetermined elements. As a result, the elements can
have their characteristics set accurately without
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 cgh be improved. Thus, it is
possible to improve the performance, reliability and
production yield of fhe semiconductor integrated
circuit device. | |

(2) According to the semiconductor integrated circuit
device of the present invention, the predetermined
elements are formed in the 1ightly doped epitaxial
layer so that the junction capacity of the semi-
conductor regions forming the predetermined elements
can be :educed. Thus, it is possible to improve the
action speed of the semi@bnductdr integrated circuit
device.

(3) According to the semiconductor integrated circuit
device of the present invention, the lightly doped
epifaxial layer, aslformed over fhe heavily doped
first and second regions, is formed with the
predetermined eléments. As a result, the first regioh

and the second region can have their impurity
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concentrations set subétantially 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 and production yield of the semiconductor
integrated circuit device. |

(5) Thanks to the aforem;;tioned 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
integra?ed circuit device.

(6) Thanks to the aforementioned effect (3), the
impurity concentrations of the first region-aAd the
second region can be set to values'sufficient for the
element isolations so that the channel stopper can be
eliminated by extending the element isolating portion
to the first region and the second region. Thus, the
parasitic capacity can be reduced to iﬁprove the
action speed of the semiconductor integrated circuit
device.

{7) Thanks to the aforementibned 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 pdssible to reduce the thermal treating

time period drastically for forming the first Tegion

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. is a result, the first region

and the second region can have their impurity

concentrations set substantially independently of the

characteristics of the predetermined elements. Thus,

it is possible to facilitate the control of forming

the first region and the second region.

(9) According to the semiconducte; integrated circuit

device of the present invention, the element isolating

portion is formed into the channel shape.

As a

result, even if the epitaxial layer is considerably

thick, the_elemenf isolating portion capable of

isolating the epitaxial layer individually for the

element forming regions can be formed without

increasing the'area occupied by the element isolating

portion. In other words, the semiconductor integrated

circuit device can cope with the structure having a

thick epitaxial layer.

(10) 'According to the semiconductor integrated

- 104 -
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circuit device 6f the present invention, the
insulating film is formed by the thermal oxida%ion
method on the surfacé 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.
Thus,.it is possible to i&brove the performance,
reliability 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, if is
possible to improve the perfbrmance, reliability and
production yield of the semiconductor integrated
circuit device..

(12) According to the semiconductor integrated
circuit device of the present invention,.the épitaxial
layer in the element forming region for the
electrostatic protection circuit attached to the 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 base region at the operating time of the bipolar
transistors for the elecfrostatic pfotection circuit
and to prevent any local current concentration in that
epitaxial layer. As a result, the current can be
uniformly eétablished in'éﬁe collector/base junctions
of the bipolar transistors thereby to prevent the
reduction of the electrostatic breakdown voltage of
the -electrostatic protection circu;t. Thus, it is
possiblg to improve the performance, reliability and
productioh yield of the semidonductor integrated
circuit device.

(13) According to the semiconductor integrated
circuit dévice of the present invention, of the
epitaxial layer, the epitaxial layer in the region
forming the memory cells has its impurity
concentration set to a value higher than that of the
epitaxial layer in the element forming region for the
internal circuitf As a result, it is possible to
increase the junction capacity of the epitaxial layer
and to form the barrier layer for preventing the
carriers, which are produced due to the electron-hole

pairs by the alpha ray, from invading the information
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holding portion. As a result, if is possible to
prevent the drop of the memory holding.charactéristics
of the semiconductor integrated circuit device having
the meﬁory cells. Thus, it is possible to improve the
performance, reliabilify and production yield of the
semiconductﬁr integrated circuit device.

(14) According.to the semiconductor integrated
circuit device of the pre;ént invention, of the
epitaxial layer, the ebitaxial layer in the memory
celi 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. Thus, it is possible to
imprqée the performance, reliability and production
yvield of the semiconductor integrated circuit device.
(15) According to the semiconductor integrated
Circuit'device of the present invention, the thermal
treatment ié done for recovering the damage after the
impurity infroducing step, followed by forming the
epitaxial layer, so that the crystal defect of the

semiconductor substrate body surface layer can be

T*;;*—————____&______
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reduced to recover the damage. As a result, it is
possible to form the epitaxial layer having-an'
excellent'crystailizability. 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 1nvention 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 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 and
production yield of the semiconductor integrated

circuit device.

-

Sheet Has Been Reilaced ;

<00 - H||\|\\ N



10

15

20

25

WHAT IS CLAIMED IS:

1. A semiconductor integrated circuit device
comprising:

a first semiconductor region fdrmed over a
semiconductor substrate body:

an epitaxial layer formed over said semiconductor
substrate body and said_fifst semicohductor region;

an elementlisolating insulating film formed.in '
said epitaxial layer and extending to.said fifst-
semiconductor region;

é gate insulating film of a MIS:FET formed over
said epitaxial layer:;

a gate electrode of said MIS'FET formed over said
gate insulating film;

a pair of second semiconductor regions formed in
said epitaxial layer to construct the source/drain
regions of said MIS'FET,

wherein said epitaxial layer haé a thickﬁess
larger than the depth of said second semicondudfor
regiohs, and

wherein said epitaxial layer has an impurf%f .
concentration lower than that of said first
semiconductor region; and

a third semiconductor region formed at a position
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of a predetermined depth in said epitaxial layér to
have a conduction type opposite to that of said second
semiconductqf regions and an impurity concentration
higher than that of said epitaxial lgyer,

wherein said third semiconductor region is so
formed at a position shallower than said second
semiconductor regions as to contact with said second

semiconductor regions.

2. A semiconductor integrated ¢ircuit device
according to claim 1,

whgrein said second semiconductor regions include
heavily doped regions and lightly doped regions
arranged inside of said heavily doped regions, to

construct the LDD structure.

3. A semiconductor integrated circuit device
accbrding to claim 2,

wherein said third semiconductor region has its -

" maximum concentration portion at a position shallower

than the paired second semiconductor regions in said

MIS- FET.

4. A semiconductor integrated circuit device

according to claim 1, further comprising:
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a fourth semiconductor region containing a first
impurity of a predetermined conduction type fo}
forming a PN junction; and |

an epitaxial layer formed over said semiconductor
substrate body and contéining an impﬁrity in a lower
concentration_than that of said fourth semiconductor
region,

wherein said first s;ﬁiconducto: region contains
an impurity of the same conduction type as that of
said second impurity and is formed adjacent to said
fourth semiconductor region, and'

wherein said element isolating insulating film is
formed to reach said fourth semiconductér region such.
that said PN junction terminates at the bottom-portion

of said element isolating insulating film.

5. A semiconductor integrated circuit device
accbrding to claim 4,

'wherein said element isolating insulating film is
formed in a channel.extending to the upper portion of

said semiconductor substrate body.

6. A semiconductor integrated circuit device
according to claim 5,

wherein said element isolating insulating film

f This Sheet Has Been Replaced -
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includes an insulating film formed on the surface of

said channel by.a thermal oxidation method.

7. A semiconductor integrated circuit device
according to 61aim-4, : : *
‘wherein, of said epitaxial layer, the epitaxial
layer in én element forming region for an
electrostatic protection gircuit to be attached to an
input circuit constituting an éemiconductor integrated
circuit and a power circuit has its impurity
concentration set equal to or higher than that of said

first semiconductor region.

8. A semiconductor integrated circuit device
according to claim 4,

wherein an analog circuit is constructed.

9. A_semiconductor integrated circuit device
according to claim 4,
wherein, of said epitaxial 1éyer, the epitaxial

layer in a memory cell forming region has its impurity.

~ concentration set higher than that of the epitaxial

layer in an element forming region for an internal

circuit.
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10. A semiconductor integrated circuit device -
according to claim 4, .
wherein, of said epitaxial layer, the epitaxial
layer in a memory cell forming region has its impurity
concentration set, below the semiconductor region
other than that to be connected with a date line, to a
value higher than that of the epitaxial layer in the

element forming region for an internal circuit.

11. A semiconductor integrated circuit device

according to claim 9, |
wherein said memory cell is a memory eell of a

dynamic random access memory, a memory cell of a

static random access memory or a memory cell of a read

only memory.

12. A semiconductor integrated circuit device
according to claim 4, . .

wherein said epitaxiel layer is equipped with
memory cells of a dynamic random access memory, and

wherein the epitaxial layef below the
semiconductor region for the source/drain connected
between a fransfer MOS: FET and a capacitor; as
construct said memory cells, has its impurity

concentration set to a value higher than that of the
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epitaxial layer below the semiconductor region for the
source/drain, as connected between said transfer

MOS* FET and the data line.

13. A semiconductor integrated circuit device
according to claim 4,

wherein said epltaxial layer is equipped with
memory cells of a static random access memory, and

wherein the epitaxial layer below the
semiconductor region for the source/drain connected.'
between a transfer MOS:FET and a driver MOS' FET, as
construgt said memory cells, has its impurity
concentration set to a value higher than that of.the
epitaxial layer below the semiconductor region for the
source/drain, as.connected between said transfer

MOS* FET and the data line.

14. -A process for manufacturing a semiconductor
integrated circnit device, comprising:
(a) the sfep of doping a semiconductor substrate body

with a first impurity:;

(b) the step of doping said semiconductor substrate

body with a second impurity of a conduction type
opposite to that of said first impurity:

(c) the step of forming an epitaxial layer over the

¢ This Sheet Has Becn Rej lace
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principal plane of the semiconductor substrate body
which has been doped with said first impurity and said
second impurity:; |

(d) the step of forming a cap film over said
epitaxial layer; and

(e) the step of forming a first semiconductor region
and a second semiconductor region individually by

subjecting the semiconducfbr substrate body formed

with said epitaxial layer, to a thermal diffusion

treatment to diffuse said first impurity and said
second impurify.
15. A process for manufacturing a semiconductor
integrated circuit device according to claim 14,
further comprising:

the step of subjecting said semiconductor
substrate body to a thermal treatment for recovering
the damage after the sfeps of introducing said first

impurity and said second impurity and before the stép

of forming said epitaxia1 layer.

16.‘ A process for manufacturing a semiconductor
integrated circuit device according to claim 15,
wherein said thermal treatment has a temperature

of 900°C to 1,100°C.
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17. A process for manufacturing a semiconductor
integrated circuit device according to claim 12,
wherein a lightly doped region having no impurity
diffusion is left by at least 0.3 um from the
principal plane of said epitaxial layer:at said
thefmal diffusion step and when said first impurity
and said second impurity are to be diffused into said

epitaxial layer.

18. A process for manufacturing a semiconductor

integrated circuit device according to claim 14,

-further_comprising,-befofe elements are to be formed

in said epitaxial layer:

(f) the step of doping such portion of said epitaxial
layer as overlies said first semiconductor region,
with an impurity of the same conduction typg as that
6f said first impurity in a concentration lower than
that of said first impurity region; and

(g) the'step of doping the epitaxial layer other than
that over said first semiconductor region with aﬂ.
impurity of the same conduction as that of said second
impurity in a concentration lower than that of said

second semiconductor region.

19. A process for manufacturing a semiconductor
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integrated circuit device according to claim 14,
further comprising, before elements are to be %ormed
in said epitaxial layer:

(h) the step of setting to a predetermined value the
impurity concentration of the epitaxial layer portion
below a third semiconductor region for a punch-through
stopper, which is doped with an impurity having the
same conduction type as that of the impurity of said
epitaxial layer and a higher impurity- concentration
than that of the same impurity, when said third
semicondcctor region for the punch-through stopper is
to be fprmed at a predetermined depth position in said

epitaxial layer.

20. A process for manufacturing a semiconductor
integrated circuit device according to claim 14,
further comprising, before elements are to be formed
in Said epitaxial layer:

(i) the step of.setting to a predetermined value the
impurity concentration of the epitaxial layer portion
below and over a third semiconductor region for a
punch~through.stopper, which is doped with an impurity
having the same conduction'type as that of the
impurity of said epitaxial layer and a higher impurity

concentration than that of the same impurity, when
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. said third semiconductor region for the punch-through

stopper is to be formed at a predetermined depfh

position in said epitaxial layer.

21. A process for manufacturing a semiconductor

integrated circuit device according to claim 14,

wherein said first impurity is an n-type impurity

of.phosphor whereas said éécond_impurity is a p-type

impurity of boron.

22. A semiconductor integrated circuit’ device

according to claim 4,

wherein said epitaxial layer has a thickness of

0.3 ym to 3 um.

23. A semiconductor integrated circuit device

according to claim 1,

wherein said epitaxial layer has a thickness of

0.3 pm to 3 pﬁ.

24. A semiconductor integrated circuit device

according to claim 4,

wherein said gate insulating f£ilm has an oxide

film formed by thermally oxidizing the principal plane

of said epitaxial layér.

- 118 -
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25. A semiconductor integrated circuit device
according to claim 1,

wherein said gate insulating film has an oxide
film formed bj thermally oxidizing the principal plane

of said epitaxial layer.

26. A process for manufacturing a semiconductor
integrated circuit deviceyéccording to claim 17,
further comérising: |
(j) the step of forming an oxide film over the
principal plane of said epitaxial layer after said
step (e), |

wherein said oxide film forms the gate insuléting

film of a MIS‘ FET.

27. A process for manufacturing a semiconductor
integrated circuit device according fo claim 18,
further comprising:
(k) the step of forming an oxide film over the
principal plane of said epitaxial layer after said
steps (f) and (g),

wherein said oxide film forms fhé gate insulating

film of a MIS- FET.

28. A process for manufacturing a. semiconductor
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integrated circuit device according to claim 20,
further comprising: |
(1) the step of forming an oxide film over the
principal plané of said epitaxial layer after said
step (e),

wherein said oxide film forms the gate insulating

£film of a MIS: FET.
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