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

5. on July 28, 1995.

TITLE OF THE INVENTION'
Semiconductor Integrated Circuit Device and
" Process for Manufacturing the Same
10
BACKGROUND OF THE INVENTION ' | | ~
. The present invention relates to a semiconductor |
integrated circuif-device}and a technique for |
manufacturing the same. Mpée particuiarly, the
15 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.
20 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.
25  predetermined semiconductor integrated circuit
”\ K
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formed over the surface of a semiconductor substrate body and a technlque
effective if applied to a processor for manufacturing the sanme. 20

There has been progressed a technique for manufacturing a sem conductor
integrated circuit device in which an epitaxial |ayer (a sem conductor
single crystallayer) is fornmed over a mrror-finished seni conductor
substrate body and is formed with a 25 predet er m ned sem conduct or
integrated circuit [err] 2

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:;

5 and the gate insulating film to be formed over the
epitaxial layer can have its breakdown characteristics
improved to reduce its defect density drastically.

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

This publication describes a semiconductor

integrated circuit device constructed such that there

15 is formed over a 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

20 semiconductor region called the well and equipped
thereon with.a MOS* FET (Metal Oxide Semiconductor -
Field Effect Transistor) or the like.

Incidentally, the well of this case is formed by
the impurity diffusion from the surface of the

25 epita#ial layer éo that its iﬁpurity concentration has

I
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elenment. This is because the formation of the epitaxial |ayer provides the
excel-lent effects: the soft-error resistance and the |atch-up resistance
are inproved; 5 and the gate insulating filmto be forned over the

epi taxi al layer can have its breakdown characteristics inproved to reduce
its defect density drastically. The sem conductor integrated circuit device
havi ng such epitaxial |ayer is disclosed, for exanple, 10 on pp. 761 to
763 of "Applied Physics, Vol. 60, Edit. 8" of Association of Applied
Physi cs, i ssued on August 10, 1991. This publication describes a

seni conduct or iR{geeRt 8drehteUbhddtyvee EABELHAL!&Ustributbaehst here

Another publication is exemplified by Japanese
Patent Laid-Open No. 260832/1989 disclosing a
construction which is made such that a p-type

5 epitaxial layer is formed over a p-type semiconductor
substrate and such that a well is formed to extend
from the surface of the epitaxial layer to the upper
portion of the semiconductor substrate. |

This publication further discloses a process for

10 forming the well by introducing a well forming
impurity into the semiconductor substrate body and
subsequently by growihg the epitaxial layer over the
semiconductor substrate body while diffusing the well
forming impurity'in the upper portion of the

15 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

20 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.

25 SUMMARY OF THE INVENTION
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15 Is formed over a [err]-type sem conductor substrate a p(or n)-type

epi taxial layer which contains a p(or n)-type inpurity in a |ower
concentration than that of the p(or n)-type inpurity of the sem conductor
substrate and which is formed therein with a 20 : sem conductor region
called the well and equipped thereon with a MOS FET (Metal Oxide

Sem conductor Field Effect Transistor) or the like. Incidentally, the well
of this case is forned by the inpurity diffusion fromthe surface of the 25
epitaxial layer so that its inmpurity concentration has [err]

However, .we have found out that the technique
described above has the following problems.
A first problem is that the element is liable to
have characteristic fluctuations. Since the element
5 is formed in the well, aCcoiding 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
10 impurity concentration severely strictly for
suppressing its characteristic_fluctuations so that
its formation is difficult to control.
A third problem is that it is difficult to design
the circuit of the semiconductor integrated circuit
15 device. Specifically, since the element is formed in
the well, according to that technique, the
fluctuations of the threshold voltage and the
substrate effect constant are increased in the
MOS: FET, for example, to make it difficult to design
20 the 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.

-25 Specifically, the junction capacity in the wiring line
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3 higher surface and | ower internal distributions. Another publication is
exenplified by Japanese Patent Laid-Open No. 260832/ 1989 'di scl.osing a _
construction which is made such that a p-type 5 epitaxial |ayer is fornmed
over a p-type sem conductor substrate and such that a well is fornmed to
extend fromthe surface of the epitaxial |ayer to the upper portion of the
sem conduct or substrate. This publication further discloses a process for
10 fornming the well by introducing a well fornming inpurity into the

sem conductor substrate body and subsequently by growi ng the epitaxial

| ayer over the of the diffusion layer or the drain portion of the

MOS- FET increases to a load capacity.

This problem grows the more serious for the finer

structure of the element. Specifically, if the device
5 has its physical size reduced according to a constant

coefficient.K (K ; 1), the impurity concentration in
the channel will rise K times to invite a reduction in
the_carrier mobility due -to the impurity scattering
and an increase in the junction capacity per unit area

10  of the semiconductor region for the source/drain over
the semiconductor substrate.

‘A fifth problem is that a thermal treatment at a
high temperature and for a long time period is
required for forming the well. Specifically, in order

15 to raise the 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

20 is adopted is to deepen the well because the impurity
concentration of the well cannot be made so high from
the standpoint of the aforementioned element
characteristics. Thus, the thermal treatment at a
high temperature and for a long time is reqnired for

25 forming the weil.
\
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sem conduct or substrate body while diffusing the well formng inpurity in
t he upper portion of the 15 sem conduct or substrate body. Incidentally,
the inmpurity concentration of this case is distributed to forma
nmount ai nous curve having its peak in the boundary between the epitaxial

| ayer and the sem conductor substrate body, that is, the 20 I mpurity
concentration is low at the surface side of the epitaxial layer, high in
t he boundary between the epitaxial l'ayer and the seni conductor substrate
body, and low in the sem conductor substrate body. 25 SUMVARY OF THE

I NVENTI ON [err] An object of the present invention is to provide
a technique céﬁable of improving the setting accurady
of element characteristics.

An object of the present iﬁvention is .to provide
5 a technique capable of facilitating the control of
well formation. |
An object of the present invention is to provide
a technique capabie of facilitating the circuit design
of the semiconductor integrated circuit device.

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

An object of the present invention is to provide
a technique'capable_of shortening the time period for
15 forming the well.
| An object of the present invention is to provide
a technique capable of forming an epitaxial layer
having an excellént crystallizability.
An object of the present invention is to provide

20 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

25 reference to the accompanying drawings.
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4 However, we have found out that the technique descri bed above has the
follow ng problens. A first problemis that the elenent is |iable to have
characteristic fluctuations. Since the elenent 5 is formed in the well,
according to the aforenentioned technique, the inpurity in the well wll
fluctuate the el enent characteristics such as the threshold voltage or the
substrate effect. A second problemis that the well has to set its- 10

i mpurity concentration severely stri'ctly for suppressing its characteristic
fluctuations so that

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

Specifically, according to the present invention,

5 there is 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

10 body; in that an epitaxial layer containing an
impurity in a iower 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

15 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

20 portion 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

25 oxidation method.
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its formation is difficult to control. Athird problemis that it is
difficult to design the circuit of the sem conductor integrated circuit 15
device. Specifically, since the element is forned 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 exanple, to
make it difficult to design 20 the circuit of the sem conductor
integrated circuit device. A fourth problemis an obstruction to the

I nprovenent in the high-speed action of the sem conductor integrated

circuit device. 25 1speabfbemlb¥nahbeorunatbgPataadsityuid beiskrbeg line
the present invention, moreover, é"ﬁIS (Métalﬂ
Insulator Semiconductor):FET is formed in the
epitaxial layer, and an eighth region for a punch-

5 through stopper, which is doped with an impurity
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

10 epitaxial layer.

In the semicondudtor.integrated circuit device of
the present inveﬁtion, moreover, of the epitaxial
layer, the epitaxial layer in an element forming
region for an electrostatic protection circuit to be

15 attached to an input 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

20 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.

25 In the semiconductor integrated circuit device of
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[err] 5 of the diffusion layer or the drain portion of the MOS FET
increases to a |load capacity. This problemgrows the nore serious for the
finer structure of the elenent. Specifically, if the device 5 has its
physi cal size reduced according to a constant coefficient K (K < 1), the
I npurity concentration in the channel will rise Ktimes to invite a
reduction in the carrier nobility due to the inpurity scattering and an
increase in the junction capacity pér unit area

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
5 with a data line, to a value higher than that of the
epitaxial layer in the element forming region for an
internal circuit. _
On the other hand, a“process for manufacturing a
semiconductor'integrated circuit device according to
10 the present invention, comprises the following steps
(a) to (e): |
(a) the step of doping a semiconductor sﬁbstraté body
with the first impurity before the epitaxial layer is
formed; |
15 (b) the step of doping the semiconductor substrate
body with the second impurity before the epitaxial
layer is formed;
(6) the step of forming the epitaxial layer over the
principal plane of the semiconductor substrate body
20 doped with the first impurity and the second impurity:
(d) the step of a cap film over the surface of the
epitaxial layer; and |
(e) the step of forming the first region and the
second region by subjecting the semiconductor

25 substrate bbdy formed with the cap film'to'a thermal
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10 of the sem conductor region for the source/drain over the

sem conduct or substrate. A fifth problemis that a thernmal treatnent at a
hi gh tenperature and for a long tinme period is required for formng the
well. Specifically, in order 15 to raise the breakdown voltage (or
punch-through vol tage) against the current to flow fromthe drain of the
MOS FET ta the sem conductor substrate, for exanple, it is necessary to

i ncrease the inpurity concentration of the well or to deepen the well.

What 20 is adopted is to deepen the well because the inpurity
concentration gfififheivel redtmnthe made so high fromthe standpoint of the
af orenenti oned el ement characteristics. Thus, the thernmal treatnment at a

- Moreover, a process for manufacturing a
semicpnductor integrated circuit device according to
the present invention, comprises the following steps

5 (a') to (£'):
(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 semiconducfor substrate
10 bpdy with the secoﬁd impurity before the epitaxial
layer is formed:
(c') the step'of subjecting the semiconductor
substrate body to a thermal treatment for recovering a
damage after the steps of introducing the first |
15 impurity and thé second impurify and before the step
of forming the epitaxial lajer;
(d') the step of forming the epitaxial layer over the
principal plane of the semiconductor substrate body
thermally treated for the damage recovery:;
20 (e')- the step of forming a cap film over the surface
of the epité#ial 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

25 thermal diffusion treatment.
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hi gh tenperature and for allong time is required for 25
[err] 6 An object of the present

capabl e of

formng the well.
I nvention is to provide a techni que
i nproving the setting accuracy of elenment characteristics.

An

obj ect of the present invention is to provide 5 a techni que capabl e of
facilitating the control of well formation. An object of the present
I nvention is to provide '

According to the semiconductor integrated .circuit

device of the present invention described above, the

gate insulating film of the MOS:FET is formed over the

epitaxial layer of a semiconductor single crystalline

improve its breakdown voltage. At the same time, the

lightly doped epitaxial layer, as formed over the

heavily doped first and second regions, is.formed with

the predetermined elements. As a result, the elements

10 can have their chéracteristics set accurately without

15

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.

device of the present invention, moreover, the
predetermined elements (e.g., MOS:FETs) are formed in
the lightly doped epitaxial layer so that the

breakdown voltage of the gate insulating film can be

20 improved and so that the junction capacity of the

25

semiconductor regions forming the predetermined
elements can be reduced. Thus, it is possible to
improve the_actioh speed of the semiconductor

integrated circuit device.

layer so that it can have an excellent film quality to

According to the semiconductor integrated circuit

‘According to the semiconductor integrated circuit

_““*‘————-——__~__'
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a technique capable of facilitating the circuit design of the sem conductor
integrated circuit device. 10 An object of the present invention is
to provide a techni que capable of inproving the action speed of the _
sem conductor integrated circuit device. An object of the present invention
Is to provide a technique capable of shortening the tinme period for 15
formng the well. An object of the present invention is to provide a

techni que capable of form ng an epitaxial |ayer having an excellent
crystallizability. An object of the present invention is to provide 20 a

techni que capalleqritle IJBHNE HrddthtS Slrveft i3 U nife o¥er!, NeneMYdh el v
concentration in the epitaxial |ayer.
doped epitaxial layer, as formed over the heavily
doped first and second regions, is formed with the
predetermined elements._ As a result, the breakdown
5 voltage of the gate insulating film can be improved,
and the first regioh and the second region can have
their impurity concentrations set substantially
independently of.the characteristics of the
predetermined elements.

10 - According to the semiconductor integrated circuit
device of the present invention, moreover, the lightly
doped epitakial layer, as formed over the heavily
doped first and second regions, is formed with the
predetermined elements. As a result, the breakdown

15 voltage of the gate insulating film can be improved,
and the first region and the second region can have
their impurity cbncentrations'set substantially
indepeﬁdently of the characteristics of the
predetermined elements. Thus, it is possible to

20 facilitate the control of forming the first region and
the second region.

According to the semiconductor integrafed circuit
device of the present invention, moréover, the element
isolating portion is formed into the channel shape.

25 As a result, even if the épitaxial layer is

\
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The foregoing and ot her objects and the novel features of the present
invention wll becone apparent fromthe foll ow ng description to be made
with 25 reference to the acconpanying draw ngs. [err] The
‘representative ones of the invention to be disclosed herein will be briefly
summari zed in the follow ng. Specifically, according to the present
invention, 5 there is provided a sem conductor integrated circuit device
which is characterized: in that a first region

‘considerably thick, the element isolating portion

capable of isolating the epitaxialmiayer individually

for the element forming regions can be formed withqut

increasing the area occupied by the element isolating
5 portion.

According to the semiconductor integrated circuit
device of the present invention, moreover, the
insulating film is formed~by the thermal oxidation
method on the surface of the channel for the element

10 isolating portion. As a result, it is possible to
satisfactorily protect the epitaxial layer in the
channel, the.semiconductor substrate body, and the
jUnctidh portion of the first and second region.

Aécofding to the semiconductor integrated circuit

15 device of the present invention, moreover, it is |
possible to improve the breakdown voltage of the gate
insulating film and the car:ier mobility. Moreover,
the epitaxial layer, as equipped with the MIS:FETs, is
formed at a predetermined depth with the eighth region

20 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 haQe'its extension

25 suppressed in the first region or the second region to
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containing a first inmpurity of a predeterm ned conduction type for formng
a-PN junction is forned-over the principal plane of a sem conduct or
-substrate 10 body; in that an epitaxial |ayer containing an inmpurity in a
| ower concentration than that of first region is fornmed over the

sem conduct or substrate body; and in that an elenent isolating portion is
formed in the epitaxial layer within an el enent 15 I sol ati ng regi on over
t he sem conductor substrate having the bottom portion at which the PN
junction term nates. In the semi conductor integrated circuit device of the

present iy eni e toe;{% nAHL IR SIBH e et 1tHe WurddOlnPHes T or med

by a channel e upper
drain.

According to the semiconductor integrated circﬁit
device of the present invention, moreover, the
5 epitaxial layer in the element forming region for the
electrostatic protection circuit attached to the input
circuit and the power supply has its impurity
concentration set equal t& or higher than that of the
first region. As a result, it is possible to
10 eliminate the deviation of the minority carriers of
the'base region at the operating time of the bipolar
transistors for the electrostatic protectidn circuit
and to‘brevent any local current concentration in that
epitaxial layer. As a result, the current can be
15 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
20 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

25 internal circuit. As a result, it is possible to
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portion of the sem conductor substrate body. In the sem conductor
Integrated circuit device of the present invention, noreover, an insulating
filmis formed on the surface of the channel by a thernmal 25 oxidation

met hod. [err] 8 In the sem conductor integrated circuit device of the
present invention, noreover, a MS (Metal Insulator Sem conductor) FET is
formed in the epitaxial |layer, and an eighth region for a punch-

increase the junction capacity of the epitaxial layer
and to form the barrier layer for preventin§ the
- carriers, which are produced due to the electron-hole
pairs by the alpha ray, from invading the information
5 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 ;ntegrated'circuit

10 device of the present invention, moreover, of the
epitaxial layer; the epitaxial layer in the memory
cell forming region has its impurity concentration
set, oﬁiy below the semiconductor region other than
that to be connected with the data lines, to a value

15 higher than that of the epitaxial layer in the element
forming region for the internal 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.

20 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

25 semiconductor substrate body surface layer can be
-_—
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5 t hrough stopper, which is doped with an inpurity having the sane
conduction type as that of the inpurity of the epitaxial |ayer and a hi gher
i mpurity concentration than that of the sane inpurity, is forned at a
predet erm ned depth position in the 10 epitaxial layer. In the

sem conductor integrated circuit device of the present invention, noreover,
of the epitaxial layer, the epitaxial layer in an elenent formng region
for an electrostatic protection circuit to be 15 attached to an input
circuit constituting an sem conductor integrated circuit.and a power

circuit has its d4lid!¥o CPOCEPLE 2EhOuSRlgEIUas 1@ Msdlighere th@n that of

the first region.
possible to form the epitaxial layer having an.

excellent crystallizability.
According to the semiconductor integrated circuit
5 device of the present invention, prior to the thermal
diffusion treating step for forming the first region
and the second region, the cap film is formed ovei the
epitaxial layer so that tlie first impurity and the
second impurity can be suppressed frpm diffusing into
10 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.

15
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;
20 Fig. 2 is a circuit diagram showing an example of

application of the semiconductor integrated circuit
device of Fig. 1:

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

25 1 at a manufacture step:;
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In the sem conductor integrated circuit device of 20 t he present

i nventi on,

menory ce

circuit.
t he prese

| ayer in a nenory cel

bel ow t he

25
nt

10

15

20

25

noreover, of the epitaxial |ayer, the epitaxial layer in a
formng region has its inpurity concentration set higher than
that of the epitaxial layer in an elenment form ng region for an internal

In the sem conductor integrated circuit device of

I nvention, noreover, of the epitaxial |ayer, the epitaxial
formng region has its inpurity concentration set,

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
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seni conduct or region other than that to be connected 5 with a data |ine,
to a-value higher than that of the epitaxial layer in the elenent formng
region for an internal circuit. On the other hand, a process for

manuf acturi ng a sem conductor integrated circuit device according to 10

t he present invention, conprises the followng steps (a) to (e): (a) the
step of doping a sem conductor substrate body with the first inpurity
before the epitaxial layer is fornmed; 15 (b) the step of doping the
seni conduct or substrate body with the second inpurity before the epitaxial

layer is forrmng a semiconductor integrated circuit device according

to another embodiment of the.preseﬂé invention;

Fig. 13 is a section showing an essential portion

of a semiconductor integrated circuit device according
5 to still another embodiment of the present invention;

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

Fig..15 is a éection showing an essential portion"

10 of a semiconductor integrated circuit device according
to a further embodiment of the present invention;

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

15 Fig. 17 is é section showing an essential portion
of a semiconductor integfated circuit device according
to a further embodiment of the present invention:;

Fig. 18 is a section showing an essential portion
of a semiconductor integrated circuit device according

20 to a further embodiment of the present invention;

Fig. 19 is a section showing an essential portidn '
of the semiconductor integrated circuit device of Fig.
18 at a manufacture step:;

Fig. 20 is a section showing an essential portion

25 of the semiconductor integrated circuit device of Fig.
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(c) the step of formng the epitaxial |layer over the principal plane of
the sem conductor substrate body 20 - doped with the first inpurity and the
second inpurity; (d) the step of a cap filmover the surface of the
epitaxial layer; and (e) 'the step of férmng the first region and the
second regi on by subjecting the sem conductor 25  substrate body forned
‘Wth the cap filmto a thernal 10 diffusion treatnent. Moreover, a
process for manufacturing a ’ S

18 at a manufacture step subsequent to that of Fig.
19; |

Fig. 21 is a section showing an essential portion

of the semiconductor integrated circuit device of Fig.
-5 18 at a manufacture 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.

10 21;

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

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

Fig. 25 is a section showing an essentiél portion
of a semiconductor integrated circuit device according

20 to a further embodiment of the present invention;

Fig. 26 is a section showing an essential portion
of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step:

25 Fig. 27 is a section showing an essential portion
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sem conductor integrated circuit device according to the present invention,
conprises the follow ng steps 5 (a') to (f'): (a') the step of doping a
sem conductor substrate body with the first inpurity before the epitaxial
layer is formed; (b') the step of doping the seniconductor substrate 10
body with the second inpurity before the epitaxial layer is forned; (c')
t he step of subjecting the sem conductor substrate body to a thernal
treatment for recovering a damage after the steps of introducing the first
15 inpurity and the second inpurity and before the step of formng the
epi taxi al | ayebf the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 26;
Fig. 28 is a section showing an essential portion
5 of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 27;
Fig. 29 is a section:.showing an essential portion
of the semiconductor integrated circuit device of the
10 further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 28;
Fig. 30 is a section showing an essential portion
of the ‘semiconductor integrated circuit device of the
further embodiment of the present invention at a
15 manufacture step:;
Fig. 31 is a section showing an essential portion
of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 30;
20 Fig. 3221s a section showing an essential portion
of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 31;

Fig. 33 is a section showing an essential portion

25 of the semiconductor integrated circuit device of the

\__
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(d") the step of formng the epitaxial |ayer over the principal plane of
the sem conductor substrate body thermally treated for the damage recovery;
20 (e') the step of formng a cap filmover the surface of the epitaxial
layer; and (f') the step of formng the first region and the second regi on
by subjecting the sem conductor substrate body formed with the epitaxial
layer to a 25 thermal diffusion treatnent. According to the

sem conductor integrated circuit device of the present invention described
above, the

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
5 further embodiment of the present invention;

Fig. 35 is a section showing an'eSSential portion
of the semiconductor integrated circuit device of the
further embodiment of the*preseﬁt invention at a
manufacture step subsequent to that ef Fig. 34;

10 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

15 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 sectien showing an essential portion
of the semicpnduetor integrated circuit device of the

20 further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 37;

Fig. 39 is a section showing an essential.portion
of the semiconductor integrated circuit device of the
further embodiment of the present invention at a

25 manufacture step subsequent to that of Fig} 38;
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gate insulating filmof the MOS FET is forned over the epitaxial |ayer of a
sem conductor single crystalline 5 | ayer so that it can have an excel | ent
filmquality to inprove its breakdown voltage. At the same tine, the
lightly doped epitaxial layer, as formed over the heavily doped first dnd
second regions, ‘is formed with the predeterm ned elements. As a result,
thg elgnents 10 can have their characteristics set accurately w thout
being influenced by the inpurities i'n the first region, the second region
.and the sem conductor substrate body so that the setting accuracy of the

‘el enent characteri stgyes Gy 1€ d 'PUh showing an Aeeendiag porition
sem conductor integrated circuit device of the present invention, noreover,
the of the semiconductor integrated circuit device of the
further embodimént of the present invention at a
manufacture step subsequent to that of Fig. 39;
5 . Fig. 41 is a sectibn showing an essential portion
~of a semiconductor integrated circuit device according
to a further embodiment of the present invention;

Fig. 42 is a graph diagram piotting a depthwise
impurity cbncentrafion disfribution of a semiconductor

10 substrate in the semiconductor integrated circuit
. device of the present invention;

Fig. 43 is a_secfion showing an essential'portion
of a sémiconductor integrated circuit device according
to a further embodiment of the present invention;

15 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

20 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

25 with reference to the accompanying drawings.

—_—— .
R ————
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predeterm ned el ements (e.g., MOS FETs) are formed in the lightly doped
‘epitaxial layer so that the breakdown voltage of the gate insulating film
can be 20 i nproved and so that the junction capacity of the sem conductor
regions formng the predetermn ned el ements can be reduced.. Thus, it is
possible to inprove the action speed of the sem conductor -integrated
circuit device. 25 According to the sem conductor integrated circuit
12 device of the present invention, noreover, the lightly '

(Embodiment 1)

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

5 a circuit diagram showing an example of application of
the semiconductor integrated 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.

10 | As shown in Fig. 1; a semiconductor substrate 2,
as constructing a semiconductor integrated circuit
device 1 of the present embodiment 1, is composed of a
semiconductor substrate body 2S and an epitaxial layer
(or a single crystalline semiconductor layer)' 2E

15 formed over the semiconductor substrate body 2S.

. This semiconductor substrate body 2S is made of a
p -type silicon (Si) single crystai having a specific
resistance of 10 Qcm and a thickness of about 500 pm,
for example.._Specifically, the semiconductor

20 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

25 substrate body 2S, there are formed semiconductor
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doped epitaxial l|ayer, as fornmed over the heavily doped first and second
regions, is forned with the predeterm ned elenents. As a result, the

br eakdown 5 voltage of the gate insulating filmcan be inproved, and the
first region and the second region can have their inmpurity concentrations
set substantially independently of the characteristics of the predeterm ned
el ements. 10 According to the sem conductor integrated circuit

devi ce of the present invention, noreover, the lightly doped epitaxi al

| ayer, as forned over the heaV|Iy doped flrst and second regions, is forned

with the predeteiigad 6 YENS v § deifirdtheayioadaenaba a vol tage of
the gate insulati'ng fllnlcan be I nproved,
well (or a second region) 3b which are adjacent to
each other. These wells 3a and 3b are doped with
impurities of different conduction types to form a PN
5 junction J. . _

The 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

10 as high as a surface concentration of about 1 x 10V
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.

15 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

20 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

25 region, as enclosed by an elément isoclating insulating

€
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and the first'region and the second region can have their inpurity
concentrations set substantially independently of the characteristics of
the predeterm ned el enents. Thus, it is possible to 20 facilitate the
control of formng the first region and the second region. According to the
sem conductor integrated circuit device of the.present invention, noreover,
the el enment isolating portion is fornmed into the channel shape. 25 As a
result, even if the epitaxial layer ‘is [err]

film or field insulating film (or a first oxide film)
4, is formed with elements including a p-channel MOS:
FET.(as will be called the pMOS) 5P and an n-channel
type MOS-FET (as will be called the nMOS) 5N.

5 The epitaxial 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

10 4 to contact with the upper portion of the
semiconductor substrate body 2S.

Of the epitaxial layer 2E, an epitaxial,iayer 2E1l
over the well 3a is doped with an n-type impurity such
as phosphor in an impurity condentration of 1 x 10*® to

15 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

20 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

25 doped wells 3a and 3b are overlain by the lightly

—
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13 consi derably thick, the elenent isolating portion capable of isolating
the epitaxial layer individually for the elenent form ng regions can be
formed wi thout increasing the area occupied by the elenent isolating 5
portion. According to the sem conductor-integrated circuit device of the
present invention, noreover, the insulating filmis formed by the thernal
oxi dation nethod on the surface of the channel for the el ement 10
isolating portion. As a result, it-is possible to satisfactorily protect
the epitaxial layer in the channel, the seniconductor substrate body, and

the junction partian (ofi 1§ 1lyed %S CMIdy 3¢ Frmed with the

l pMOS 5P and the nMOS 5N over its epitaxial layers 2El
and 2E2, so that the foilowing first to fifth effects .
can.be adhieved..

5 '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

10 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 ;ﬁd the
semiconductor substrate body 2S.

15 Secondly, the action rates of the semiconductor
integrated circuit device can be improved. This.is
because the pMOS 5P and the nMOS 5N are formed over
the lightly doped epitaxial layer 2E so that the
junction capacity of the drain can be redﬁced to

20 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

25 carrier mobility can be enhanced.
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According to the sem conductor integrated circuit 15 device of the
present invention, noreover, it is possible to inprove the breakdown
voltage of the gate insulating filmand the carrier nobility. Moreover,
the epitaxial |ayer, as equipped with the MS FETs, is forned at a
predeterm ned depth with the eighth region 20 for the punch-through
stopper. As aresult, it is possible to prevent the punch-through
phenonenon bet ween the sources and drains of the MS FETs. On the ot her
hand, the depletion |layer depthw se extending fromthe source/drain can
have its extension #Ahirduypprdses sidduilhAddiga afeghen semichaduetard regi on

‘e integrated circuit device can be facilitated. This is
because the subetrate effect can be lowered by ferming
the pMOS 5P and the nMOS 5N are formed over the

5 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

10 prior art; This is because the latcﬂ-up resistance of
the CMOS (Complementary Metal Oxide Semiconductor)
circuit can.be improved to make the circuit layout
design sufficient against the latch-up breakage.
Moreover, it is'possible to prevent the punch-through

15 of the MOS-FET. |

Fourthiy, the time period for a thermal treatment
to form the wells 3a and 3b can be shortened. This is
because the welis 3a and 3b can have their impurity
concentrations set fo higher levels than those of the

20 prior art substentially independently of those of the
pMOS 5P and the.nMOS 5N so that they can be made
shallower than those of the prior art.

Fifthly, the pMOS 5P and the nMOS 5N can be
formed in the lightly doped epitaxial layer 2E so that

25 the junction breakdown voltage of the drain can be

\
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14 prevent the punch-through between the source and the drain. According to
the sem conductor integrated circuit device of the present invention,
noreover, the 5 epitaxial layer in the element form ng region for the

el ectrostatic protection circui.t attached to the input circuit and the
power supply has its inpurity concentration set equal to or higher than
that of the first region. As aresult, it is possible to 10 elimnate
the deviation of the minority carriers of the base region at the operating
time of the bipolar transistors for the electrostatic protection circuit

improved. Moreover, the carrier mobility can also be
iméroved.
The field insulating film.4, as formed in the
element.isolating.region, is made of a silicon oxide
5 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
.10 necessity for forming the channel stopper for setting
a.high threshold voltage against fhe 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

15 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,

20 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

25 and the end portion of the channel stopper so that the

I\
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and to prevent any l|local current concentration in that epitaxial |ayer. As
aresult, the current can be 15  uniformy established in the

col l ector/base junctions of the bipolar transistors thereby to prevent the
reduction of the electrostatic breakdown voltage of the electrostatic
protection circuit. According to the seniconductor. integrated circuit 20
device of the present invention, noreover, of the epitaxial |ayer, the
epitaxial layer in the region formng the nmenory cells has its inmpurity
concentration set to a value higher than that of the epitaxial layer in the

el ement 1or M Ny Lo0h Bl Babllf Fo1tablEhRYe GHAU4. Ao @ resull, it s

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

5 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 -

10 semiconductor region (or eighth region) 5P3 formed
between the paired semiconductor regions 5P1 and 5P2;
a gate insulating film 5P4 formed over the epitaxial
layer 2E, and a gate electrode 5P5 formed over the
gate 1nsulat1ng film 5P4. Inc1dentally, the punch—

15 through stopper semiconductor region may be
abbreviated 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.

20 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

25 range of the thickness of the epitaxial layer 2E. 1In

—.-R
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15 increase the junction capacity of the epitaxial layer and to formthe
barri-er layer for preventing the carriers, which are produced due to the
el ectron-hole pairs by the alpha ray, frominvading the information 5

hol ding portion. As a result, it is possible to prevent the drop of the
menory hol ding characteristics of the sem conductor integrated circuit
device having the nmenory cells. According to t he sem conductor integrated
circuit 10 device of the present i'nvention, noreover, of the epitaxial

| ayer, the epitaxial layer in the nenory

this case, the regions having the maximum impurity
concentrations are as deep as about 0 04 pm to.0.07
pm.
The punch-through stopper 5P3 is a semiconductor
5 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
10 regions 5P1 and 5P2 are formed in the lightly doped
epitaxial layer 2E1, the punch-through stopper 5P3 is
effective to improve the punch-through breakdown
voltage.. |
The punch—thromgh stopper $P3 is doped with an
15 n-type impurity such as'phosphor. The punch-through
stopper 5P3 has an impurity concentration higher than
that of the epitaxial layer 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
20 set that the peak region of the. impurity concentration
may be located midway of the depth of the semi-
. conductor regions 5P1 and 5P2. On the other hand, the
depletion layer to extend depthwise from the semi-
conductor regions 5P1 and 5P2 can have its extension

25 suppressed by_the well 3a to improve the punch-through

_
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cell formng region has its inmpurity concentration set, only bel ow the

sem conductor region other than that to be connected with the data |ines,
to a value 15 hi gher than that of the epitaxial layer in the el enent
formng region for the internal circuit” As aresult, it is possible to
prevent the drop of the menory hol ding characteristics w thout increasing
the | oad capacity of the data line. 20 According to the

sem conductor integrated circuit device of the present invention, noreover,
the thermal treatnent is done for recovering the damage after the inpurity

introduci ng st §preditideieoP¥ade Potledh otk 46Urcd Aty Ohe SBrdfipl the
crystal defect of the 25 sen conduct or substrate body surface |ayer can
be | 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. As
5 a result, the following first and second effects can
be achieved.
Firstly, the gate insulating film 5P4 can have
its quality improved to raise its breakdown voltage.
Secondly, the gate insulating film 5P4 can also have

10 its defect density (i.e., the number of defects to be
caused within a predetermined range) improveﬁ (or
reduced) by one figure or more. Incidentally, the
gate insulating film 5P4 is formed by thermally
oxidizing the épitaxial layer 2E, for example.

15 Moreover, the improvement in the breakdown voltage of
the gate insulating film, as formed over the epitaxial
layer, and the aforementioned thickness of the
epitaxial 1ayef are_disclosed in U.S. Application
Serial No. , as applied before U.S. Patent

20 Office.on July 28, 1995. Here, the content of this
disclosure is inserted as a reference to the present
invention.

The gate electrode 5P5 is made of a film of a
poly-silicon single layer having a low resistance.

25 However, the gate electrode 5P5 should not be limited
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16 reduced to recover the damage. As a result, it is possible to formthe
epi taxi al |ayer having an excel.lent crystallizability. According to the

sem conductor integrated circuit 5 device of the present invention, prior
to the thermal diffusion treating step for formng the first region and the
second region, the cap filmis forned over the epitaxial layer so that the
first inmpurity and the second inpurity can be suppressed fromdiffusing
into 10 t he di ffusion furnace durihng the diffusion treating

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
5  £ilm. |
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
10 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
15 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
20 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
25 such a thickness of about 0.1 pm as to come within the

e
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step while preventing the epitaxial layer from being doped with the
I mpurities having diffused. Thus, it is possible to inprove the accuracy

of setting the inpurity concentration in the epitaxial |ayer. ‘15 BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a section show ng an essenti al

portion of a sem conductor integrated circuit device according to one
enbodi nent of the present invention; 20 Fig. 2 is a circuit diagram

showi ng an exanpl e of application of' the semi conduct or integrated circuit
device of Fig. 1; Fig. 3 is a section showi ng an essential portion of the

sem conduct or ierﬁj}! e deied et dkieys Cof Ofhdidgpitaxial layer 2E. 1In
this case, the regions having the maximum impurity
concentrations are as deep as about 0.04 ym to 0.07
pm.

5 Thus, semiconductor regions 581 and 5S2 are
formed in the lightly doped epitaxial layer 2E so that
they can contact with the epitaxial layer 2E to reduce
the junction capacity of the drain. |

The punch-through stopper 5N3 is a semiconductor
10 region whidh is formed to improve the punch-through
breakdown voltagé between the semiconductor regions
5N1 and 5N2, so that the punch-through breakdown
voltage between the'source and the drain can be
improved while suppressing the extension of the
15 depletion 1ayef. Specifically, since the
'seﬁiconductor regions 5N1 and 5N2 are formed in the
lightly doped epitaxial layer 2E2, the punch—through
stopper 5N3 is effective to improve the punch-through
~ breakdown voltage. |
20 The pundh-through stopper 5N3 is doped with an
n-type impﬁrity.such as phosphor. The punch-through
stopper 5N3 has an impurity.concentration higher than,'
that of the epitaxial layer 2E2, as exemplified 5y 5 x
10 to 1 x 10!®* atoms/cm®, preferably 2 x 10' atoms/

25 cm®.. The depth of the punch-through stopper 5N3 is so
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25 1 at a manufacture step; 17 Fig. 4 is a section show ng an
essential portion of the sem conductor integrated circuit device of Fig. 1
at a manufacture step subsequent to that of Fig. 3; Fig. 5 is a section
showi ng an essential portion 5 of the sem conductor integrated circuit
device of Fig. 1 at a manufacture step subsequent.to that of Fig. 4, Fig. 6
IS a section showi ng an essential portion of the sem conductor integrated
circuit device of Fig. 1 at a manufacture step subsequent to that of Fig.

5;
set that the peak region_of the impurity concentration
may be located midway of the depth of the semi-~
conductor regions 5N1 and 5N2. On the other hand, the
depletion layer to extend depthwise from the semi-

5 conductor regions 5N1 and 5N2 can have its extension
suppressed by the well 3b to improve the punch-through
breakdown voltage between the source and the drain.

The gate insulating film 5N4 is made of SiO, (or a
silicon oxide f£film) having a thickness of about 180
10 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
15. have its quality improved to raise its breakdown
VOltage, and the gate insulating film 5N4 can also
have its defect density improved by one figure or
more. '
The gate electrode 5N5 is made of a film of a
20 poly-silicon single layer having a low resistance.
However, the gate electrode 5N5 should not be limited
to the low-resistance poly-silicon single film but
could be.modified in such various manners as to have a
structure in which a silicide fiim of WSi, (or tungsten

25 silicide) oveflies the low-résistahce poly-silicon
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10 Fig. 7 is a section showing an essential portion of the

sem conductor integrated circuit device of Fig. 1 at a manufacture step
subsequent to that of Fig. 6; Fig. 8 is a section show ng an essenti al
portion.of the sem conductor integrated circuit device of Fig. 15 1l at a
manuf acture step subsequent to that of Fig. 7; Fig. 9 is a section show ng
an essential portion of the sem conductor integrated circuit device of Fig.
1 at a manufacture step subsequent to that of Fig. 8, Fig. 10 is a section
showi ng an essential portion 20 of the sem conductor integrated circuit
device of Fig. ¢ 1Jﬂ; a manufacture step subsequent to that of Fig. 9; Fig.
11 is a section showi ng an essential portion of the sem conduct or

integrated circuit ¢gyvitgsOlsdibonductor substrate 2, there .is
deposited an insulating film 6 which is made of SiO,,
for example. This insulating film is formed in
5 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
10 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
15 8N2, respectively. The electrodes 8P2 and 8N2 are
formed integrally with a first-layer wiring line 8L.
These electrodes 8P1, 8P2, 9N1 and 8N2 and the first-
.lﬁyer wiring line 8L afe formed of a metal film which
is made of an aluminum (Af)-Si-Copper (Cu) alloy,.for'
20 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

25 recited order from the bottom so that the electrodes
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1 at a manufacture step subsequent to that of Fig. 10; 25- Fig. 12 is
a section showi ng an essential portion 18 of a sem conductor integrated
circuit device according.to another enbodi nent of the present invention;
Fig. 13 is a section show ng an essential portion of a sem conductor
integrated circuit device according 5 to still another enbodi ment of the
present invention; Fig. 14 is a section show ng an essential portion of a
sem conduct or integrated circuit device according to a further enbodi nent
of the present invention;

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. |

5 Next, there is shown in Fig. 2 a circuit of the
case in which the semiconductor integrated circuit
device of the present embodiment 1 is applied to an
analog circuit, for example. Fig. 2 shows a
differential amplifier 10 as the anaiog circuit.

10 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

15 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 S5Pb ahd the nMOS 5Nb are connecfed in series
20 between the supply voltage VDD and the nMOS S5Na
composing the constant current circuit. Incidentally,
the wiring line for connecting the pMOS 5Pb and the
nMOS 5Nb is electrically connected with an output
terminal OUT. |
25 . The pMOSes SPa and 5Pb have their gate electrddes
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Fig. 15 is a section showing an essential portion 10 of a sem conductor
integrated circuit device according to a further enbodi ment of the present
invention; Fig. 16 is a section showing an essential portion of a

sem conductor integrated circuit device according to a further enbodi nent
of the present invention; 15 Fig. 17 is a section show ng an
essential portion of a sem conductor integrated circuit device according to
a further enbodi nent of the present ‘invention; Fig. 18 is a.section show ng
an essential portion of a sem conductor integrated circuit device according

o vy o oo AR o Al O e BT 2, oM
of Fig. wiring line for connecting the pMOS 5Pa and the nMOS
' BNa electricallf.
Next, a method of manufacturing_the.semiconductor
5 integrated circuit device of the present embodiment 1
will be described with reference to'Figs. 1 and 3 td
11. |

First of all, the semiconductor substrate body 2S

made bf a p-type silicon (Si) single crystalline wafer
10 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
15 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

20 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.
25 After this, these insulating film patterns lla
This Sheet Has B |
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18 at a manufacture step; Fig. 20 is a section show ng an essential portion
25 of the sem conductor integrated circuit device of Fig. 19 18 at a -
manuf act ure step subsequent to that of Fig. 19; Fig. 21 is a section
showi ng an essential portion of the sem conductor integrated circuit device
of Fig. 5 18 at a manufacture step subsequent to that of Fig. 20; Fig. 22
is a section showi ng an essenti al portlon

and ilb are used as the masks to implant the principal
plane of the semiconductor subétrate body 2S with ions
of an n-type impurify such as phosphbr. After this,
the semiconductor substrate body 2S is thefmélly

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

Incidentally, at this treatment, the exposed
portion of the semiconducfor substrate body 2S in the

10 n-well forming region is formed_with a thick
insulating film 12 of Si0,, for example.

Next, after the insulafing film patterns 1lla and
11b have been removed, the insulating film 12 is used
as the mask to implant the principal plane of' the

15 semiconductor substrate body 2S with the ions of a
p-fype impurity, for example. By‘thermally treating
the semiconductor substrate body 2S, moreover, the
well 3b (or p-well) containing the p-type impurity is
formed adjacent to the aforementioned well 3a over the

20 semiconductor substrate body 2S.

Here,'the wells 3a and 3b can have their impurity
concentrations set to a level as high as 1 x 10V
atoms/cm® or more. In the present embodiment 1,
mo:eover, the punch-through breakdown voltaée between

'25 the drain of the MOS‘FET and the semiconductor

-
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of the sem conductor integrated circuit device of Fig. 18 at a manufacture
step subsequent to that of Fig. 10 21; Fig. 23 is a section show ng an
essential portion of the seni conduct or integrated circuit device of Fig. 18
at a manufacture step subsequent to that of Fig. 22; 15 Fig. 24 is a
section show ng an essential portion of a sen1conductor Integrated circuit
devi ce according to a further enbodi nent of the present invention; Fig. 25
is a section showi ng an essential pdrtion of a sem conductor integrated
circuit device according 20 to a further enbodi ment of the present

invention; Fi0gu2Gtratd Bdy 25 TP rfl R3S @Rlen?li fPehe ¥ells 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
5 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 13;000°C by using monosilane
(SiH,) gases and hydrogen (H;) géses, to form the
10 epitaxial layer 2E of the so-called "non-doped" single
crystalline Si, which has a thickness of about 0.3 to
3.0 pm but contains no impurity, over the principal
plane of the'semiconductor.subStrate body 2S, as shown
in Fig. 6. Thus, there is forméd the semiconductor
15 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
20 £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

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

\.
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of the sem conductor integrated circuit device of the further enbodi nent of
the present invention at a manufacture step; 25 Fig. 27 is a section
showi ng an essential portion 20 of the sem conductor integrated circuit
devi ce of the further enbodinent of the present invention at a nmanufacture
step subsequent to that of Fig. 26; Fig. 28 is a section show ng an
essential portion 5. of the seniconductor integrated circuit device of the
further enbodi nent of the present invention at a

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
5 for forming the channel stopper can be reduced to
shorten the time'period for manufacturing the
semiconductor integrated circuit device. Moreover,
since the parasitic cépacity to #e caused by the
channel stopper caﬁ be eliminated, the action speed of
10 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
15 can be eliminated to improve the drain breakdown
> voltage. |
Next, as shown in Fig. 8, a photoresist pattern
13a, as exposes the region of the well 3a, is used as
the mask to implaht the epitaxial layer 2E1 over the
20 well 3a with the ions of an n-type impurity such as
phosphor. The dosage at this time is about 1 x 10
ions/cm?. Here, the photoresist pattern 13a is formed
of a photoresist film.
Subsequently, the photoresist pattern 13a is

25 removed, and the (not-shown) photoresist pattern for
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manuf acture step subsequent to that of Fig. 27; Fig. 29 is a section
showi ng an essential portion of the sem conductor integrated circuit device
of the 10 further enbodi ment of the present invention at a manufacture
step subsequent to that of Fig. 28; Figr 30 is a section show ng an
essential portion of the sem conductor integrated circuit device of the
further embodi ment of the present invention at a 15 manuf act ure step;

Fig. 31 is a section showing an essential portion of the semi conduct or
integrated circuit device of the further enbodi nent of the present

nvention at 2 JRMIAG Wae ISR SHSPOURNwd ) Y P erfdd solfliedbna
used as the mask to implant the epitaxial layer 2E2
over the well 3b with the ions of a p-type impurity
such as boron. Thé dosage at this time is about 1 x
5 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 thé electric

iO ‘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 fegions with the impurity. However,
the doping should not be limited thereto, but the

15 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

20 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

25 phosphor through the (not-shown) thfough film. The

._\
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of the sem conductor integrated circuit device of the further enbodi nent of

t he present

I nvention at a manufacture step subsequent to that of Fig. 31;

Fig. 33 is a section show ng an essential portion 25 of the sem conduct or
integrated circuit device of the [err] 21 further enbodi ment of the
present invention at. a manufacture step subsequent to that of Fig. 32; Fig.
34 is a section showi ng an essential portion of the sem conductor
integrated circuit device of. the !

10

15

20

25

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

5\\\\\\\\\\\\‘\-\\

Thk'

s //I/I///III/////I/I/WM



5 further enbodi nent of the present invention; Fig. 35 is a section
showi ng an essential portion of the sem conductor integrated circuit device
of the further enbodi ment of the present invention at a manufacture step
subsequent to that of Fig. 34; 10 : Fig. 36 is a section show ng an
essential portion of the sem conductor integrated circuit device of the
further enbodi ment of the present invention at a manufacture step
subsequent to that of Fig. 35; Fig. 37 is a section showing an essenti al
portion 15 of the sem conductor integrated circuit device of the further

embodi ment of tNgxal egenis B&%‘&birﬁ_&dabyatﬁénﬂﬁéﬁb!i@h@%fﬂ?ﬁybéﬁqt'ﬁét to
that of Fig. 36; Fig. 38 is a section showi ng an essential portion
CVD method to form the gate electrodes 5P5 and. 5N5
over the gate insulating films 5P4 and 5N4, as shown
in Fig. 10. |
5 After this, the paired semiconductor regions 5P1, -
5P2, 5N1 and 5N2 are formed in self-alignment with the
gate electrodes 5P5 and 5N5 by doping impurities of
different conduction types into the epitaxial layers
2E1l and 2E2 by using the gate electrodes 5P5 and 5N5

10 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
15 0.5 x 10%* to 5 x 10* atoms/cm®, preferably 1 x 10%°
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.

20 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

25 semiconductor regions 5P1, 5P2, 5N1 and 5N2 by the

This Sheet Has Been R ﬂlaced )

R 11[])



of the sem conductor integrated circuit device of the 20 further

enbodi nent of the present invention at a manufacture step subsequent to
that of Fig. 37; Fig. 39 is a section showi ng an essential portion of the
sem conductor integrated circuit device of the further enbodi nent of the.
present invention at a 25 rmanufacture step subsequent to that of Fig. 38;
22 Fig. 40 is a section showi ng an essential portion of the sem conductor
integrated circuit device of the further enbodi ment of the present
invention at a

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

5 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.

10 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

15 manufacturé of the semicénductor integrated circuit
device.

Thus, the following effects can be achieved .
according to the present embodiment 1:
(1) The heavily doped wells 3a and 3b are overlain by

20 the lightly doped epitaxial layer 2E having the
epitaxial layers 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

25 set without being influenced by the impurities in the
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manuf act ure step subsequent to that of Fig. 39; 5 Fig. 41 is a
section show ng an essential portion of a sem conductor integrated circuit
device according to a further enbodi nent of the present 'invention; Fig. 42
is a graph diagramplotting a depthwi se inmpurity concentration distribution
of a sem conductor 10 substrate in the sem conductor integrated ci-rcuit
device of the present invention; Fig. 43 is a section show ng an essenti al
portion of a sem conductor integrated circuit device according to a further
enbodi nent of the present invention; 15 Fig. 44 is a section show ng

an essenti al port [ on f ag}éﬁ?(’a (gs én&tcecg{&cec rcgu%tggradc%vib%%fccordi ng

to a further eﬂ? SRVEnt 10K
2S. As a result, the pMOS 5P and the nMOS 5N can have

their characteristic fluctuations suppressed to
improve the setting accuracy of the characteristics.

5 (2) The pMOS 5P and the nMOS 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

10 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

15 | to reduce the substrate effects and to improve the
carrier mobility. -

(4) The heavily doped wells 3a and 3b are overlain by
'the lightly doped epitaxial iayer 2E, on which are
mounted the pMOS 5P and the nMOS 5N. As a result, the

20 1mpurity concentrations of the wells 3a and 3b can be
set substantially independently of the characteristics
of the pMOS 5P and the nMOS 5N sn that the impurity
cnncentrafions of the wells 3a and 3b can be set to
‘higher levels than those of the prior art.

25 (5) Thanks to the aforementioned effect (4), it is

\
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Fig. 45 is a section show ng an essential portion of a sem conductor
I ntegrated circuit device according 20 to a further enbodi nent of the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The

present invention will be described in detail in the followng in
connection with its enbodiments 25 wth reference to the acconpanying
dr awi ngs. 23 (Enbodinent 1) Fig. 1 is a section showi ng an essenti al

portion of a sem conductor integrated circuit device according

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
5 for the latch-up breakage.

(7) Thanks to the aforementioned effect (4), it is

possible to improve the soft-error resistance.

(8) Thanks to the aforementioned effect (4), it is

bossible to improve the pﬁnch-through resistance in
10 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
15 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
20 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

25 due to the thermal treatment.
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to one enbodi nrent of the present invention; Fig. 2 is 5 a circuit diagram
showi ng an exanpl e of application of the sem conductor integrated circuit
device of Fig. 1; and Figs. 3 to 11 are sections showi ng an essenti al
portion of the sem conductor integrated circuit device of Fig. 1 at

I ndi vi dual manufacture steps. 10 As shown in Fig. 1, a sem conductor
substrate 2, as constructing a sem conductor integrated circuit device 1 of
the present enbodinent 1, is conposed of a seniconductor substrate body 2S
and an epitaxial layer (or a single crystalline sem conductor |ayer) 2E 15

fs 3[);??&?;6[)05 hg 21?_”1 G Ao 5(‘[-}{5 iﬂ;&n@fbﬁ.o@éd Bgectenisoondyct or
y is made of a [err]-type silicon (Si) singl’e crystal
‘having a speci fdffannel 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
5 eliminated. This makes it possible to shorten the
time period for manufactﬁring the semiconductor
integrated cifcuit device. |
(13) Thanks to the aforemientioned effect (4), no
channel stopper need be formed below.the field
10 insulating film 4 so that the step of introducing the
impurity for forming the channel stopper can be
eliminated. This makes it possible to prevent the
crystal’defect or.the like of the semiconductor
substrate body 2S due to the impurity introduction.
15 (14) Thanks to the aforementioned effect (4), no
channel stopper need be formed below the field
insulating £film 4 so that the.parasitic capacity due
to the channel stopper can be eliminated. This makes
- it possible to improve the actidﬁ'speed of the
20 semiconductof 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

25 by the superposed portion between the drain end
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resistance of 10 [err]cm and a thickness of about 500 pm for -exanple.
Specifically, 'the sem conductor 20 substrate body 2S is honbgeneously
doped with a p-type inpurity such as boron (B) in a dosage of about 1 X

[err] to 10 x 1015 [err] preferably 1.3 x [err] [err]. In the upper portion
of the sem conductor 25 substrate body 2S, there are fornmed sem conductor

24 regions, i.e., a well (or a first region) 3a and a well (or a second
region) 3b which are adjacent to

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
5 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

10 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

15 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

20 individual sources-drains of the pMOS 5P and the nMOS
5N can be improved.
(20) The differential amplifier 10 is constructed of
the MOS: FETs having'the present'sfructure so that the
£film qualities of the gate insulating films of the

25 pMOSes 5Pa and 5Pb and the nMOSes 5Na to 5Nc composing

\_'_
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each other. These wells 3a and 3b are doped with inpurities of different
conduction types to forma PN 5 junction J. The well 3a is doped with an
n-type inpurity such as phosphor (P). On the other hand, the well 3b is
doped with a p-type inpurity such as boron. These wells 3a and 3b have an
equal inpurity concentration 10 as high as a surface concentration of

about 1 x atoms/cn8 or nore. Incidentally, this surface concentration nmay
be hi gher because no elenment is forrmed therein. In short, the well 3a
provi des an n-well, and the well 3b provides a p-well. 15 In the

o eze%egggdyegat ﬁlffwah%&%&eamgm%b 16NE8HIBe vV 2hp2goelictyeen the drain
provide the differential amplifier 10 hav1ng less
noises, especially less 1/f noises.

(21) Thé differential amplifier 10 is constructed of
5 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

10 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

15  substrate effect can be reduced to determine the
threshold voltage uniquely with the amount of ion
implantation by the channel-doping. As a result, it
is possible to reduce the offset voltages of the
nMOSes 5Na and 5Nb used for the differentiafion.

20 (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.

25 As a résult, the sub-threshold coefficient in the low
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sem conductor substrate body 2S can be raised even if the wells 3a and 3b
are not so deep. Mdreover, the wells 3a and 3b can have their inpurity
concentrations 20 set so high as to inprove the |atch-up breakdown

vol tage and the soft-error breakdown voltage. Over the principal plane of
t he sem conductor substrate body 2S, there is fornmed the epitaxial |ayer
2E: Over this epitaxial layer 2E, an elenent formng 25 region, as

encl osed by an el ement isolating insulating 25 filmor field insulating
film(or a first oxide film

current region can be reduced, that is, the gradlent
of the current-voltage characterlstics can be ..
increased to effect the low-voltage actions.
(24) The differential amplifier 10 is constructed-of

5 the MOS' FETs having the present structure so that the
early voltage can be raised by properly selecting the
distance from the boundary between the punch-through
stoppers 5P3 and 5N3 and the gate insulating films 5P4
and 5N4. As a result, it is possible to increase the

10 gain of 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.

15 We have specifically investigated the case in
which the structure of the foregoing embodiment 1 is
applied to a semiconductor integrated circuit device
haVing an electrostatic protection circuit to be added
between an input/output circuit and a power supply,

20 and have found that the dielectric breakdown voltage
of the elements for the electrostatic protection
circuit may drop if the present étructure is used.

'Generally speaking, the elements for the
electrostatic-protection circuit are frequently made

25 of either the MOS:FETs or the horizontal bipolar
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4, is formed with elenents including a p-channel MOS FET (as will be called
the pMOS) 5P and an n-channel type MOS FET (as will -be called the nMOS) 5N.
5 The epitaxial layer 2E is nmade of a single crystalline Si having
such a thickness, e.g., 0.3 pmto 3 pmas to retain-the device
characteristics and the reliability of the gate insulating filmand as to
allow the bottom portion of the field insulating film 10 4 to contact
with the upper portion of the semiconductor substrate body 2S. O the
epitaxial |ayer 2E, an epitaxiar | ayer 2E1 over the well 3a is doped with

I0i5 27T SRR oRIER RS BTN R bATIR,
field insulating film. : |
| In this case, fhe majority carriers to be
prbduced by the avalanche phenomenon of the collector/
5 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
10 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
15 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
20 deviation in the.minority carrier distribution in the
base region at the dfive 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

25 electrostatic protection circuit drops.
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O the epitaxial |ayer 2E, noreover, an epitaxial |ayer 2E2 over the well
3b is doped with a p-type inpurity such as boron in an inpurity
concentration equal to that of the epitaxial |layer 2E1 of 1 x [err] to 20-
10 x 1015 atons/cnB, preferably 1.3 x 1015 [err]. In short, both the
I mpurity concentrations of the epitaxial |ayers 2E1 and 2E2 are set | ower
than those of their underlying wells 3a and 3b. Thus, in the present
Fnbﬁd:nent 1, the heavily 25 doped wells 3a and 3b are overlain by the
ightly 26 '

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

5 the léfthand Side shows an electrostatic protection
-circuit région 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

10 well containing the p-type impurity or boron and the
field insulating film 4 are in contact, there is
formed a channel stopper 14. This channel stopper 14
is dopéd with a p-type impurity such as boron. The
impurity concentration is exemplified by 1 x 10 to 5

15 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

20 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

25 and a horizontal pnp bipolar transistor 15b. In the

\
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doped epitaxial layer 2E, which is fornmed with the pMOS 5P and the nMOS 5N
over its epitaxial layers 2E1 and 2E2, so that the following first to fifth
effects can be achieved. 5 Firstly, the fluctuation of the el enent
characteristics can be suppressed to inprove the set accuracy of the

el ement characteristics. This is because the pMOS 5P and the nMOS 5N are
formed not directly in the wells 3a and 3b but over the lightly 10 doped
epitaxial |ayer 2E so that their characteristics (e.g., the threshold
voltage or the substrate effect) can be accurately set w thout being

| isEgggfgfgdbgéytﬁ%émré:ﬁﬁa&méné g, Ve SepfeafthBh atd s afe gulict or
in this electrostatic protection circuit region B have
"their impurify concentrations set to equal to or
higher than those of the wells 3a and 3b. In short,

5 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

10 as possible in their entirety or their impurity
concentrations raised at their surface portions.

As a result,'it is possible to eliminate the
regions of the epitaxial.léyers 253 and 2E4, where the
concentrations aré locally lower, thereby to éliminate

15 +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 '

20 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

25 the electrostatic protection circuit.
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15 Secondly, the action rates of the sem conductor integrated
circuit device can be inproved. . This is because the pMOS 5P and the nMOS
5N are forned over the lightly doped epitaxial |ayer 2E so that the
junction capacity of the drain.can be reduced to 20 i nprove the tailing
characteristics of the pMOS 5P and the nMOS 5N accordingly. Moreover,
since the channel formng region is forned over the lightly doped epitaxial
| ayer 2E, the inversion |ayer has it's width enlarged to reduce the surface
scatterlng so that the 25 carrier nobility can be enhanced. '

These epitaxial layers 2E3 and 2E4 have their
impurity concentrations set by the ordinary
photolithography technique and ion implantation
technique, for example.

5 Specifically, the semiconductof 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

10 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

15 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?.

20 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

25 effects can be attained in addition to the effects (1)
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27 Thirdly, the circuit design of the sem conductor integrated circuit
device can be facilitated. This is because the substrate effect can be

| onered by formng the pMOS 5P and the nMOS 5N are fornmed over the 5
l'ightly doped epitaxial |ayer 2E. Moreover, the wells 3a and 3b can have
their inpurity concentrations set substantially independently of those of
the pMOS 5P and the nMOS 5N so that the they can be set higher than those
of the 10 prior art. This is becduse the latch-up resistance of the CMOS
(Conpl enentary Metal Oxide Sem conductor) circuit can be inproved to nake

the circuit |aygyt(fesi saseiéhcteni28921 85tobfRingd Cin Whd fkagSing
embodiment 1. o
Specificaliy; the impurity concentrations of the
epitaxiél layers 2E3 and 2E4 in the electrostatic
5 protection circuit region B are set equal to or higher
than those of the wells 3a and 3b so 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
10 layers 2E3 and 2E4 may be higher in their surface
portions. As a result, it is possible to eliminate
. the regions in the epitaxial.layers 2E3 and 2E4, where
the coﬁcentrétions are locally lower, thereby to
eliminate the deﬁiation of the minority carriers in
15 the base regions at the action times of the bipolar
transistors 15a and 15b for the electrostatic
protection circuit. As a result, the local current
concentration can be prevented from occurring in the
epitaxial layers 2E3 and 2E4; to produce a uniform
20 current flow-in the collector/base junction so that
the eléctrostatic breakdown voltages in the bipolar
transistors 15a and 15b for the electrostatic
protection circuit can .be prevented from-dropping.
(Embodiment 3) |

25 Fig. 13 is a section showing an essential portion

_
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Moreover, it is possible to prevent the punch-through 15 of the MOS FET.
Fourthly, the tinme period for a thernmal treatnent to formthe wells 3a and
3b can be shortened. This is because the wells 3a and 3b can have their
inpurity concentrations set to higher levels than those of the 20 pri or.
art substantially independently of those of the pMOS 5P and the nMOS 5N so
‘that they can be nmade shall ower than those of the prior art. Fifthly, the
pMOS 5P and the nMOS 5N can be formed in the lightly doped epitaxial |ayer
2E so that 25 the junction breakdown voltage of the drain can be

of a semiconductor integrated circuit device according
to still another embodiment of the present invention.
We havé specifically investigated the case in

which the structure of the foregoing embodiment 1 is

5 applied to a semiconductor integrated circuit device
having a DRAM (Dynamic RAM (Random Access Memory)),
and have found that the carrier holding
characteristics may drop in the capacity element
portion of the DRAM if the present structure is used.

10 In the case of a memory circuit, the holding
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

15 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 influenceé of the electron-hole pair to be

20 produced by the alpha ray emitted to the semiconductor
substrate from the radioactive substance contained in
the wiring line and the sealing resin material.

Here, in case the structuré of the aforementioned

embodiment 1 is applied to the memory circuit, the

25 junction capacity is small, and there is no impurity
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28 inproved. Mreover, the carrier nobility can also be inproved. The
field insulating film4, as fornmed in the elenent isolating region, is nade
of a silicon oxide 5 filmsuch as silicon oxide [err] and the PN junction
of the wells 3a and 3b termnates at the bottomof the field insulating
film4. Here in the case of the present enbodi nent 1, because of the high
impurity cancentrations of the wells 3a and 3b, there is.little 10
necessity for formng the channel stopper for setting a high threshold

vol tage against the parasitic MXS FET below the field insulating film4. In

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

'5 The 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.

10 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

15 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

20 plurality of memory cells MC. Each of these memory
cells MC of the DRAM is composed of a transfer MOS:FET
16 and a caﬁacitor (or capacity element) 17.

The transfer MOS'FET 1 is composed of the
following components: a pair of seﬁiconductor regions

25 16Nl and 16N2 formed over the epitaxial layer 2E and

-
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the field insulating film4 is extended over the sem conductor substrate
body 2S nore deeply than the 15 epitaxial layer 2E. As a result, the step
of introducing the inmpurity for form ng the channel stopper can be
elimnated to shorten the tinme period for manufacturing the sem conductor
Integrated circuit device. Moreover, 20 the parasitic capacity due to

t he channel stopper can be elimnated to i nprove the action speed of the
sem conductor integrated circuit device. Still noreover, the drain
breakdown voltage is regul ated by the overl appi ng portion between the drain

end portion 25 g, thenPhdiPdiHeY Ofa dite HdAlatingP RS A 632t the
formed over the epitaxial layer 2E; and a gateJ
electrode  16N4 formed over the gate insulating film
16N3.

5 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

10 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,

15 the source/drain concentration is lower than that of
the MOSFETS composing the periphéral 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

20 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

25 capacitor 17 is composed of the following components:
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29 drai n breakdown voltage can be raised. The pMOS 5P is forned over the
epitaxial layer 2E1l. On the other hand, the nMOS 5N is forned over the
epitaxial |ayer 2E2. Moreover, these pMOXS 5P and 5 nMOS 5N forma CMOS
circuit. The pMOS 5P has the follow ng conponents: a pair of sem conductor
regions (or seventh regions) 5P1 and 5P2 forned in the upper portion of the
epi taxi al layer 2E and spaced from each other; a punch-through stopper 10
sem conductor region (or eighth regi‘'on) 5P3 forned between the paired

sem conductor regions 5P1 and 5P2;

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 electrqde 17a; and an upper electrode 17c formed
5 over the capacitative insulating film 17b.

The lower electiode 17a is formed of a conductor
film of low-resistahce poly-silicon or tungsten
silicide (WSi,). The capatitative insulating film 17b
is formed of an insulating film of Si;N, or tantalum

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

Iﬁbidentally, in fhe present embodiment 3, the

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

15 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.

20 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 fhe carriérs produced due to

25 the electron-hole pairs by the alpha ray from invading
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a gate insufafing filmb5P4 formed over the epitaxial |ayer 2E;, and a gate

el ectrode 5P5 forned over the gate insulating filmb5P4. Incidentally,

t he

punch- 15 t hrough st opper sem conductor region nmay be abbreviated to the
punch-t hrough stopper. The sem conductor regions 5P1 and 5P2 are regions
for formng the source/drain regions of the pMOS 5P and are doped with a

p-type inmpurity such as boron. 20 The inpurity concentrations of the

sem conduct or regions 5P1 and 5P2 are about 0.5 x [err] to 5 x [err] [err]
preferably 1 x [err]. The sem conductor regions 5P1 and 5P2 are given such

a thi ckness of
thlckness of t

10

15

20

25

FBROHLEGL AT 35, 0 80T° LY (S Rnort RbTathg "

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 epitaxiéf layers 2E5 and 2E6 can be
established by the well 3b and the ep;taxxal 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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30 this case, the regions having the maxi muminpurity concentrations are as
deep as about 0.04 [err] .to 0.07 [err]. The punch-through stopper 5P3 is a
sem conductor 5 region which is formed to i nprove the punch-through
br eakdown vol t age between the sem conductor regions 5P1 and 5P2, so that
t he punch-through breakdown vol t age between the source and the drain can be
I nproved. Specifically, since the sem conductor 10 regi ons 5P1 and 5P2
are fornmed in the lightly doped
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)
5 to (11) and (16) to k24), 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
10 3a and 3b so that the junction capacity in the
epitaxial layers 2E5 and 2E6 can be increased_while
forming the barrier layer for preventing.the carriers,
which §fe produced due to the electron-hole pairs by
the alpha ray, from invading the capacitor 17. As a
15 résult, it is_possible to prevent the reduction of the
memory holding characteristics of the semiconductor
integrated circuit device having the DRAM.
(Embodiment 4)
Fig. 14 is a section showing an essential portion
20 of a.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 device having the

25 same DRAM as that of the foregoing embodiment 3. In
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epitakial | ayer 2E1,
t he punch-t hrough breakdown volt age.
with an 15 n-

atons cnB. The

t he peak region of the inpurity concentration may be | ocated m dway of the

t he punch-through stopper 5P3 is effective to inprove
The punch-t hrough stopper 5P3 is doped
type inpurity such as phosphor. - The punch-through stopper
5P3 has an inpurity concentration higher than that of the epitaxial

| ayer
2E1, as exenplified by 5 x 1016 to 1 x [err] [err], preferably 2 x 1017

depth of the punch-through stopper 5P3 is so 20 set that

depth of the sem - conductor regions 5P1 and 5P2. On the other hand,

depletion | ayer

and 5P2 can ha

10

15

20

layers 2E5 and 2E6 of the memory cell array M, only
the layer below rhe 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 1 with a punch through
stopper (or an eighth region) 16N5. .  The remaining
construction is similar to that of the foregoing
embodiment 3. Specifically, the layer 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, in the present embodiment 4, the

-effects of the foregoing embodiment 4 can be attained

25

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

t he
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25 suppressed by the well 3a to inprove the punch-through 31 breakdown
vol tage between the source and the drain. The gate insulating filmb5P4 is
made of [err] (or a silicon oxide filn) having a thickness of about 180
angstrons and fornmed over the epitaxial layer 2E. As 5 a result, the
following first and second effects can be achieved. Firstly, the gate
insulating film5P4 can have its quality inproved to raise its breakdown
vol tage. Secondly, the gate insulating film5P4 can al so have

holding characteristics of the semiconductor
integrated circuit device having the DRAM.

(Embodiment 5)

Fig. 15 is a section showing an éssential portion

5 of a semiconductor integrated circuit device according
to a further embodiment of the present invention.

The present embodiment 5 will be described in
connection with the case_fn which the structure of the
foregoing embodiment 1 is applied to a semiconductor

10 integrated circuit device having a SRAM (Static RAM).

In this case, too, there arises a problem similar
to that of the foregoing embodiment 3. Specifically,
the problem is the reduction in the memory holding
characteristics. The present embodiment 5 proposes a

15 structure for 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 shows the memory cell array M.

The construction of the internal circuit is

20 similar to that of the foregoing embodiment 1. In the
present embodiment 5, 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

25 insulating film 4 are in contact with each other. The

.
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10 Its defect density (i.e., the nunber of defects to be caused within a
predeterm ned range) inproved (or reduced) by one figure or nore.
Incidentally, the gate insulating film5P4 is formed by thermally oxidizing
the epitaxial l|ayer 2E, for exanple. 15 Mor eover, the inprovenment in the
breakdown voltage of the gate insulating film as. formed over the epitaxial
| ayer, and the aforenentioned thickness of the epitaxial |ayer are. '
disclosed in U S. Application Serial No. , as applied before

U S. Patent 20 Ofice on July 28, 1995. Here, the content of this

di sclosure is inserted as_a reference to %@nﬂ% %ﬂ%%”%%th The gate

el ect rode 5Ps TSMRIMTG CPnYTHGRiop is &

foregoing embodiment 1.
The memory cell array M is arranged with a
transfer MOS:-FET 18 and a driver MOS-FET 19. Each
5 memory cell of the SRAM is composed of a pair'of
driver MOS‘:FETs 19, a pair of transfer MOS:FETs 18,
and a pair of load elements. The paired driver
MOS: FETs are cross-connected.
The transfer MOS-FET 18 is composed of the
10 following components: a pair of semiconductor regions
18N1 and 18N2;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.
15 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
20 regions 18N1 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.
25 One semiconductor region 18Nl of the transfer

J
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pol y-silicon single |ayer having a | ow resistance. 25 ~However, the gate
el ectrode 5P5 should not be [imted 32 to the | owresistance
poly-silicon single filmbut could be nodified in such various manners as
to have a structure in which a silicide filmof [err] (or tungsten
silicide) overlies the |lowresistance poly-silicon 5 film On the other
hand, the nMOS 5N has the followi ng conponents: a pair of sem conduct or
regions (or seventh regions) 5N1 and 5N2 formed in the upper

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
5 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-showfi) semiconductor regions
forming the source/drain regions of the driver MOS- FET
10 19 are formed in the epitaxial layers 2E5 and 2E6.

In the_present embodiment 5, the impurity
concentrations of the epitaxial layers 2E5 and 2E6 in
the'membfy cell array M are set équal to or higher
than those of the wells 3a and 3b. Specifically, the

15 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

20 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

25 portion. Thus, it is possible to prevent the
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portion of the epitaxial |ayer 2E and spaced fromeach 10 - other; -a
~punch-t hrough stopper sem conductor region (or eighth region) 5N3 forned
between the paired sem conductor regions 5N1 and 5N2; a gate insulating
film5N4 formed over the epitaxial |ayer 2E;, and a gate el ectrode 5N5
formed over the gate insulating 15 film5N. Incidentally, the

punch-t hrough stopper sem conductor region nay be abbreviated to the punch-
t hrough stopper. The sem conductor regions 5N1 and 5N2 are regions for ,
form ng the source/drain reglons of the pMOS 5N 20 and are doped with an
n-type inpurity such as phosphor or arsenic (As

concent r at i onsT8AUEKEOBeANCE u@FGPrVeQP&ﬁénsn&kaﬁacﬁﬁﬁlggécabéﬁtt5e5 y
Lerr] semiconductor integrated circuit device having” the

SRAM.
Incidentally, the impurity concentrations of the
5 epitaxial layers 2E5'and 2E6 are set as in the
foregoing embodiment 3 by the ordinary photo-
lithography technique and the ionlimplantation
technique, for example, éffer the gate insulating
films 5P4, 5N4, 18N3 and 19N2 have been formed.
10 ‘Thus, according to the present embodiment 5, the
| following effects can be achieved in addition to the
effects (1) to (11) and (16) to (24), as obtained in
the forégoing embodiment 1.
Specifically, the impurity cohcentrations of the
15 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,
20 which are produced due to the electron-hole pairs by
the alpha ray, from invading the information holding
portion. As a result, it is possible to prevent the
reduction of the mémory holding characteristics.

(Embodiment 6)

25 Fig. 16 is a section showing an essential portioh
o misllslliiiﬂii’ilfﬂﬁﬂbﬁim



to 5 x [err]

atons/cnB, preferably 1 x [err]
regi ons 5N1 and 5N2 are given 25

atons/cnB8. The sem conduct or
s 5 such a thickness of about 0.1 pmas to
come wthin the 33 range of the thickness of the epitaxial |ayer 2E
‘this case, the regions having the maximuminpurity concentrations are as

In

deep as about 0.04 pmto 0.07 pm 5 Thus, sem conductor regions 5S1

and 5S2 are fornmed in the lightly doped epltaX|aI

contact with the epitaxial layer 2E°to reduce

10

i5

20

25

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 semieonductor 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 qf 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

'l his Sheet-Has. Been Rep laced
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the junction capacity of the drain. The punch-through stopper 5N3 is a

sem conduct or 10 region which is fornmed to i nprove the punch-through

br eakdown vol t age between-the sem conductor regions 5N1 and 5N2, so that
the punch-through breakdown voltage between the source and the drain can be
i mproved while suppressing t he extension of the 15 depletion | ayer.
Specifically, since the sem conductor regions 5N1 and 5N2 are formed.in the
l'ightly doped epitaxial layer 2E2, t'he punch-through stopper 5N3 is
effective to inprove the punch-through breakdown voltage. 20 The

Bﬁggghgt\rougﬂestoaper (ﬁ’rc IS do&l_eoq,1 fostrsﬁ aqlg-itt%o%-eii%i%@r%oauglgv%s

their impurity_concentrations set, over and below the
punch-through stopper 18N5, to levels as low as those
of the embodiment 1. |

5 As a result; in the present embodiment 6, the
effects of the foregoing embodiment 5 can be attained
without increasing the load capacity of the data line
8DL. Specifically, it is“possible to prevent both the
reductions of the data transfer fafe and the memory

10 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
15 to a further embodiment of the present invention.

The present embodiment 7 will be described in
connection with the case in which the present
invention is applied to a semiconductor integrated
circuit device having an EEPROM (Electricaliy Erasable

20 Programmable ROM). _

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

.The construétion of the internal circuit is

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

———
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stopper 5N3 has an inpurity concentration higher than that of the epitaxial
layer 2E2, as exenplified by 5 x [err] to 1 x 1018 atoms/cnB, preferably 2
X [err] atoms/ 25 [err] The depth of the punch-through stopper 5N3 is so
q 34 set that the peak region of the inpurity.concentration nmay be

| ocat ed mi dway of the depth of the sem - conductor regions 5N1 and 5N2. On
t he other hand, the depletion layer to extend depthwi se fromthe senm- 5
conductor regions 5N1 and 5N2 can have its extension

present embodiment 7, too, the channel stoppet 14 is
_formed for the same'reason as that of the foregoing
embodiment 2 in the region in which the well 3b
containing the p-type impurity of boron and the field
5 insulating film 4 are in contact. The remaining
constructibn is identical to that of the foregoing
embodiment 1.
_ The memory celi arrai'M is arranged with a
plurality of memory cellé'MCl. The memory cell MCl of
10 this case is composed of the following components.
Specifically, the compdnents are: a pair of
semiconductor regions 20N1 and 20N2 formed over -the
épitaxiél layer 2E and spaced from each other; a gate
insulating film 20N3 formed over the epitaxial layer
15 2E; a floating gate electrode 20N4If6rmed over the -
gate insulating film 20N3; an insulating film 20N5
formed over the floating gate'electréde 20N4; and a
control gate electrode 20N6 formed over the insulating

£ilm 20NS5.

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

25 The semiconductor regions 20Nl and 20N2 are made
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suppressed by ‘the well 3b to inprove the punch-through breakdown voltage
bet ween the source and the drain. The gate insulating film5N is nade of
[err] (or a silicon oxide film having a thickness of about 180 10
angstrons and formed over the epitaxial layer 2E.° As a result, the
following first and second effects can be achieved. As a result, there can
be attained effects simlar to those of the aforenentioned pMOS 5P.
Specifically, the gate insulating fi'lmS5N4 can 15 have its quality

i mproved to raise its breakdown voltage, and the gate insulating film5N4

can 2150 TNe 143 delsoha SEISHLY WPLRISRY SO%d G4 Gnd Bl dp® 021
of the ep;taxlal layer 2E. One semiconductor"fegion
20N1 is electrically formed with the data line 8DL
through the connection hole 7 which is fsrmed in the:

5 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'

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

Here in the presént embodiment 7, the epitaxial

15 layers 2E5 and 2E6 in the memory cell array M have
their impurity concentrations set equal to or higher
than those of the wells 3a and 3b. Specifically, the
impurity concentrations of the epitaxial layers 2E5
and 2E6 are set to 1 x 10% atoms/cmﬁ or more.

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

25 the foregoing embodiment 3.
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20 poly-silicon single |layer having a | ow resistance. However, the gate
el ectrode 5N5 should not. be limted to the | owresistance poly-silicon
single filmbut could be nodified in such various manners as to have a
structure in which a silicide filmof [err] (or tungsten 25 silicide)
overlies the | owresistance poly-silicon 35 film On this sem conduct or
substrate 2, there is deposited an insulating film®6 which is made of
[err], for exanple. This insulating filmis formed in

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

5 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

10 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

i5 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

20 seﬁiconductor substrate 2. The insulating film 21b,
as formed 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.

25 The reason why this insulating film 21b is formed
U il



5 predeternmined positions with connection holes 7 which expose t he

sem conductor regions 5P1 and 5P2 of the pMOS 5P and the sem conduct or
regions 5N1 and 5N2 of the nMOS 5N to the outside. Mreover, the

sem conductor regions 5P1 and 5P2 10 of the pMOS 5P are electrically
connected t hrough the connection holes 7 with el ectrodes 8P1 and 8P2,
respectively. Moreover, the sem conductor regions 5N1 and 5N2 of the nMOS
5N are electrically connected through the connection holes 7 with

el ectrodes 8N1 and 15 8N2, respectively. The electrodes 8P2 and 8N2 are

(00T A 20 S it el o Ml 15 Uy gt cctodes 7L

f11m which specifically, the surface of the channel 2la is a
portion to come into direct contact with the
semiconductor substrate body 28 énd the junction-of

5 the wells 3a and 3b and exerts serious influences upon

the element characteristics. In order to prétect that
portion, therefore, the insulating film 21b is formed
by thé thermal oxidation iilethod for providing an
.excellent film quality.

10 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. Incidentally,
the mefhod-of forming the insulating.film 21c should
not be limited to the SOG method but may be

15 exemplified by the CVD method.

| Next, the process for manufacturing the
semiconductor integrated circuit device of the present
embodiment 8 Will be described with-reference to.Figs.
18 to 23. .

20 | First of all, as shown in Fig. 19, the epitaxiall
layer 2E of the semiconductor substrate 2 is formed
thereover with é photoresist pattern 13b for exposing
the element isolating region by the photolithography
technique. At this stége, no impurity is contained iﬁ

25 thé epitéxial layer 2E. Moreover, the semiconductor

T
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I's made of an alumnum[err] (Cu) alloy, for 20 exanple. On the
insulating film®6, there is deposited a surface protecting film9 which is
fornmed by laminating a [err] film(or silicon oxide film and a silicon
nitride (Si3N4) filmsequentially in the 25 recited order fromthe bottom
so that the el ectrodes 36 8P1; 8P2, 8Nl and 8N2 and the first-|ayer
wiring line 8L are coated. Incidentally, this sem conductor substrate 2 is
sealed with the not-shown package

substrate body 2S is formed thereover with the wells
3a and 3b.
_Subsequently, this photoresist pattern 13b is

used as the etching mask to etch off'the epitaxial

5 .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.

10 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

15 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

20 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

25 not be described because they are similar to those of

“_________~_~‘~_5_
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resin. 5 Next, there is shown in Fig. 2 a circuit of the case in

whi ch the sem conductor integrated circuit device of the present enbodlnent
1is applied to an analog circuit, for exanple. Fig. 2 shows a
differential amplifier 10 as the analog circuit. 10 - This
differential anplifier 10 is conposed of pMOSes 5Pa and 5Pb as | oad
elenments. Input elenments nMXSes 5Na-and 5Nb have their respective gate

el ectrodes electrically connected with input termnals INlI and IN2. An
'nMOS 5Nc is an 15° elenent for a constant current circuit. The pMOS 5Pa

ﬁsgsngﬁg 5Na ar opoggéggng gohlmengtfeen a supply vol tage VDD and the

Thus, according to the present embodiment 8, the
following éffects can be achieved in addition to those
obtained in the foregoing eﬁbodimeht 1.

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

(2) Thanks to.the channel structure, the element
isolating portion 21 can be formed without enlarging
10 its occupation area so that the degree of integration
of the elements can be improved.
(3) Thanks to the channel structuré of the element
isolatihg portion 21, the chip size can be made -
smaller for the same number of elements than that of
15 the case in which the element isoiating pbrtion 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,
ZQ the epitaxial layei 2E in the channel 2la, the
semiconducfor substrate body 2S and the junction of
the adjoining wells 3a and 3b can be éatisfactorily
protected to improve the reliability and production
yield of the semiconductor integrated circuit device

25 1.

-
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conposi ng the constant current circuit. Mreover, the nMOS 5Pb and the nMOS
5Nb are connected in series 20 bet ween the supply voltage VDD and the

NMOS 5Na conposing the constant current circuit. Incidentally, the wiring
| i ne for connecting the pMOS 5Pb and the nMOS 5Nb is electrically connected
with an output term nal QUT. 25 The pMOSes 5Pa and 5Pb have their

gate el ectrodes 37 electrically connected with each other and with a
wiring line for connecting the pMOS*5Pa and the nMOS :

(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

5 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)

10 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

15 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

20 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

25 over the well 3a is doped with an impurity of the same
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5Na el ectrically. Next, a nethod of nanufacturfng the semiconductor 5

integrated circuit device of the present enbodinment 1 wll
with reference to Figs. 1 and 3 to 11 . First of all, the sem conductor
substrate body 2S made of a p-type silicon (Si) single crystalline wafer
having a specific. resistance of 10 [err]cm and a thickness of 500 [err],
I's prepared, as shown in Fig. 3. This sem conductor substrate
body 2S is doped with a p-type inpurity of boron in a dosage of 1 x [err]

for exanple,

to 10 x [err]

Subsequent |y,

10

15

20

25

[err], preferably 1.3 x [err] [err], for 15 exanpl e.

t he sen1conductor substrate body 2S
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

be descri bed
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Is formed on its principal plane with an insulating filmof [err] by the
thermal oxidation, and an insulating filmof [err] is then deposited on the
20 former insulating filmby the CvD (Chem cal Vapor Deposition) mnethod.
O those insulating filns, noreover, the n-well formng region is renoved
by the photolithography and the etching technique to forminsulating film
patterns [err] and [err] 25 ' After this, these insulating film
patterns 1lla 38 and 11b ‘are used’'as the masks to inplant the principal

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

5 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

100 conduction types formed below the field insulating
film 21d and adjacent to each other. As a result, the
element isolating portion 21 can be easily formed even
if the‘epitaxial_layer 2E is thick.

(Embodiment 10)

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

In the present embodiment 10, as shown in Fig.
25, the elementlisolating portion 21 is formed of two

20 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

25 3a and 3b.
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pl ane of the sem conductor substrate body 2S with ions of an n-type

I mpurity such as phosphor. After this, the sem conductor substrate body 2S
is thermally 5 oxi dized to formthe well 3a containing the n-type

i mpurity over the sem conductor substrate body 2S, as shown in Fig. 4.
Incidentally, at this treatnent, the exposed portion of the sem conductor
substrate body 2S in the 10 n-well formng region is formed with a thick
insulating film12 of [err] for exanple. Next, after the insulating film
patterns l1lla and 11b have been renoved, the insulating film1l2 is used as

ngy”‘;gkw-t 0 TPl ant 400 s orctdr Tegion’ 16x 21eth°Tegl8aChG Substrate
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.

5 On the other hand, the semiconductor region (or sixth
region) 21h over the well 3b is coped with an impurity '
of the same conduction tYpe as that of the impurity
contained in the ﬁell 3b, "such as a p-type impurity of
boron.

10 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

15 treating the semiconductor substrate 2 thermally.

In the present embodiment 10, moreover, the
epitaxial layer 2E has its upper surface coated with
an insulating film 22 which is formed by the thermal
oxidation method or the like. .Ag a result, it is

20 possible to protect. the epitaxial layer 2E and the

| junction of the adjacent semiconductor regions 21g and
21h. | '

‘Thus, according to the present embodiment 10, the
fdllbwing effects can be achieved in addition to the

25 effects (1) to (11) and (16) to (24), as obtained by
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p-typé I mpurity, for exanple. By thermally treating the seni conduct or
substrate body 2S, noreover, the well 3b (or p-well) containing the p-type
impurity is fornmed adjacent to the aforenentioned well 3a over the 20
sem conductor substrate body 2S. Here, the wells 3a and 3b can have their
I.mpurity concentrations set to a level as high as-1 x [err] [err] or nore.
In the present enbodi nent 1, noreover, the punch-through breakdown voltage
between 25 the drain of the MOS FET and t he sem conduct or 39
the foregoing embodiment 1.
(1). Since the element isolating portion 21 is formed
of the semiconductor regions 21g and 21h, the flatness
of the upper surface of the semiconductor substrate 2
5 can be drastically improved to improve the transfer
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
10 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
15 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

20 portion of a semiconductor integrated circuit device

at manufacture steps according to a further embodiment

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

25 embodiment 1 and so'on. The process for manufacturing
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substrate body 2S can be raised even if the wells 3a and 3b are not nade so
deep. Since the wells 3a and 3b can have their inpurity concentrations set
to the high level, it is also possible to inprove the 5 | at ch-up

resi stance and the soft-error resistance. Subsequently, the sem conductor
substrate body 2S is subjected to the CVD treatnent (or the epitaxial
grow h) at about 800 to 1,000 C by using nonosilane (Si H4) gases and
hydrogen [err] gases, to formthe 10 epitaxial |ayer 2E of the so-called
"non-doped” single crystalline Si, which has a thickness of about 0.3 to

e condlict o SuBcAeRIeoRAE éé'i%geé’q!éé@éf‘%%'”céf vidr B (8o Ts formed
t he sem conduct or
present embodiment 11 will be descrlbed with reference
to Figs. 26 to 29.
Fig. 26 is a séction showing an essehtial-portion
5 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

10 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

15 um.

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

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

Moreover, the dosage at this time is exemplified by 1

25 x 10 to 3 x 10 ions/cm?, preferably 1.5 x 10 ions/
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15 substrate 2 in which the epitaxial layer 2E is | am nated over the

sem conduct or substrate body 2S. After this, as showmn in Fig. 7, the

semi conductor substrate 2 is subjected to the LOCOS (Local Oxidation of
Silicon) oxidation to formthe field insulating 200 - film4 in the el enent
I solating region. Here in the present enbodinent 1, the bottom portion of
the field insulating film4 reaches the upper portion of the sem conductor
substrate body 2S. In the present enbodi nent 1, however, the 25 i mpurity
concentrations of the wells 3a and 3b can be

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

5 in Fig. 27. After tﬁis, this photoresist pattern 13d
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

10 as to bring the p-type impurity ions to the upper
portion of the semiconductor substrate body 2S, such
as 150 KeV to 500 KeV, preferably about 200 KeV.
Moreoﬁéi, the dosage at this fime ié exemplified by 1
x 10 to 3 x 10 ions/cm?, preferably 1.5 x 10! ions/

15 cml.

After this, the semiconductor substrate 2 is
subjected to a thermal treatment to form the wells 3a
and 3b in the upper portion of the semiconductor
substrate body 2S and in the lower portion of the

20 epitaxial 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

25 not be described because they are similar to those of

—_—
—_—
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40 set to the high level to isolate the elenents satisfactorily so that the
channel stopper need hardly be fornmed below the field insulating film4. As
a result, the step of introducing the inpurity 5 for form ng the channel
stopper can be reduced to shorten the tinme period for manufacturing the

sem conductor integrated circuit device. Moreover, since the parasitic
capacity to be caused by the channel stopper can be elimnated, the action
speed of 10 t he semi conductor integrated circuit device can be inproved.

Still noreover, although the: drain breakdown voltage is regul ated by the
‘'super posed portlons bet ween th ain qu portion and the end :
the foregoing em o iment

Thus, the present embodiment 11 caﬁ achieve
éffeéts similar to those of the foregqing embodiment
1.

5_ (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. |

10 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

15 with reference to Figs. 30 to 33.

However, the present embodiment 12 can be applied
to the case, in which there is no well having the
condudtion fjpe opposite to that of the semiconductor
substrate body, that is, to the process for

20 manufacturing the semiconductor integrated circuit
device having.MOS;FETs of either an n-channel or
p-channel type.

Fig. 30 is a section showing an essential portion
of the semiconductor substrate body 2S in thé process

25 for manufacturing the semiconductor integrated circuit

-
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portion of the channel stopper, this channel stopper 15 can be elimnated
to inprove the drain breakdown voltage. Next, as shown in Fig. 8, a

phot oresi st pattern 13a, as exposes the region of the well 3a, is used as
the mask to inplant the epitaxial |ayer 2E1 over the 20 well 3a with the
ions of an n-type inpurity such as phosphor. The dosage at this tinme is
about 1 x [err] [err]. Here, the 'photoresist pattern 13a is formed of a
photoresi st film ‘Subsequently, the ‘photoresist pattern 13a is 25

renoved, and the (not-shown) photoresist pattern for

device of the present embodiment 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.

5 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

10 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.

15 . 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

20 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.

25 Specifically, the impurity introducing step for
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41 exposing the region of the well 3b is then fornmed and used as the mask
to inplant the epitaxial |ayer 2E2 over the well 3b with the ions of a
p-type inpurity such as boron. The dosage at this tinme is about 1 x 5
[err] After this, the sem conductor substrate 2 is subjected to a therna
treatnment to set the inpurity concentrations of the epitaxial |ayers 2E1l
and 2E2 to preset values thereby to control the electric 10
characteristics such as the threshol'd voltage Vth of the MOS FET to be
formed in that region. Here, the epitaxial |layers 2E1 and 2E2 are doped

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

5 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

10 at manufacture steps according to a further embodiment
of the present invention. _

In connection with the present embodiment 13, one
example-of the well forming method will be described
with reference to Figs. 34 to 40. _'

15 First of all, as shown in Fig. 34, the
semiconductor substrate body 2S has its principal
plane formed_thereover by the thermal oxidation method
or the like with an insulating film of SiO, or the
like, oﬁ which is deposited an insulating film of Si;N,

20 or the like by the CVD method or the like. Of this
insulating film, moreover, the n-well forming region
is removed by the photolithography technique and the
etching technique to form the'insulating film patterns
lla and 11b. Incidentally, the semiconductor

25 substrate body 2S is identical to that of the
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all over their regions with the inpurity. However, the doping should not be
limted thereto, but the 15 inmpurity may be introduced into only the
~channel region of the MOS FET. Moreover, this inpurity introduction may be
done before the LOCOS oxidation for formng the field insulating film 4.
After the sem conductor substrate 2 has been 20 fornmed thereover with the
(not -shown) photoresist pattern through which the region of the epitaxial

| ayer 2E1 is exposed, and this photoresist pattern is used as the mask for

i mplanting the epitaxial layer 2E1 with the ions of an n-type inpurity such

as 25  phosphor through the (not-shown) through film The
foregoing embodiment 1.

Subsequently, those insulating\film pétterns 1la
ahd 11lb are used as the masks to implant the principal
plane of the semiconductor substrate body 25 with the

5 ions of an n-type impurity as the n-well forming
impufity- The acceleration voltage at this time is
exemplified by abbut 120 KeV, and the dosage is
exeﬁplified by about 1 x ib“'ions/cmﬂ Incidentally,
reference characters 3al indicates the region which is

10 implanted with the n-well forming impurity.

After this, the portion, as exposed from the
insulating film patterns 1lla and 11b, is formed with
the inshlating'film 12, as shown in Fig. 35, by
thermally oxidizing the semiconductor substrate body

15 2S. Here, this thermal oxidation is done under such
conditions (e.g., temperature or time period) that the
well forming n-type impurity introduced into the
semiconductor substrate body 2S may not diffuse.

Sﬁbsequently, the insulating film pattern 1llb is

20 removed, and the insulating.film 12 is then used as
the mask to implant the principal plane of the
semiconductor substrate body 2S with the ions of the
p~-well forming impurity such as the p4type impurity of
boron or boron fluoride.(BFz), as shown in Fig. 36. At

25 this time, the acceleration voltage is exemplified by

——
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42 doéage at this tine is about 1 x [err] [err]. Subsequently, after the
phot oresi st pattern has been renoved, the (not-shown) photoresist pattern,
t hrough which the region of the epitaxial layer 2E2 is 5 exposed, is
fornmed and used as the mask to inplant the epitaxial-layer 2E2 with a
p-type inpurity such as boron through the (not-shown) through film The
dosage at this tine is about 1 x [err] [err]. After this, the sem conductor
substrate 2 is 10 - subjected to the thermal treatnent to formthe punch-
t hrough stoppers 5P3 and 5N3 in the epitaxial 1ayer
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.
5 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
10 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
15 +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

20 exemplified by 900°C to 1,100°C; the treating time
period is exemplified by 10 min. to 60 min.; and the
treating atmosphere is preferably exemplified by one
containing a small quantity of O, gaées.

As described above, the semicqnductor substrate

' 25 body 2S is subjected to the thermal treatment before
—_—
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2E, as shown in Fig. 9. These punch-through stoppers 5P3 and 5N3 have

their depths set to formtheir maxi num peak portions in a position of a
dept h of bout 15 0.05 [err] fromthe principal plane of the epitaxial

| ayer 2E. Here, the through filmis formed of a silicon oxide film for
exanpl e, by the thermal oxidation or the CVD nethod. Next, after the-

af orenentioned through filnms have 20 been renoved, the epltaX|aI | ayers
2E1 and 2E2 are forned thereover with the gate |nsulat|ng films 5P4 and 5MN4
by the thermal oxidation or the |ike. Subsequently, after a conductor film

BT e o C RIS G FEE S R
layer. As a result, the crystal defect in the surface
layer of the semiconductor substrate body 2S due to
the ion implantation of the well forming impurity can

: 5 be reduced to recover the damage so that the epitaxial
iayer of excellent crystallizability can.be formed
over the principal plane of thé semiconductor
substrate body 2s.

After this, the semiconductor substrate body 2S

10 is subjected to the CVD treatment (or the epitaxial
growth treatment) or the like at 800°C to 1,000°C by
using the Sil-_Ll gases and the H, gases, for'example, to
form tﬁé epitaxial layer 2E of the non-doped single
crystallineISi, fqr exaﬁple, over the principal plane

15 of the semiconductor substrate body 2S, as shown in
Fig. 38. Thus, there is formed the semidonductor |
substrate 2 in which the epitaxial layer 2E is
laminated over the semiconductor substrate body 2S.

This epitaxial layer 2E is given a thickness of

20 about 0.3 ym to 3.0.pm 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

25 is rinsed with an HF liQuid or the like. After this,

‘This Sheet

v T



43 like, it is patterned by the photolithography or the CVD nethod to form
the gate el ectrodes 5P5 and 5N5 over the gate insulating filnms 5P4 and 5N4,

as shown in Fig. 10. 5 After this, the paired sem conductor

regi ons

5P1, 5P2, 5N1 and 5N2 are formed in self-alignment with the gate el ectrodes
SP5 and 5N5 by doping inpurities of different conduction types into the
epi taxial layers 2E1 and 2E2 by using the gate el ectrodes 5P5 and 5N5 10

as the different photoresist masks. = Thus, the pMOS 5P

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.

5 However, the thermal oxidation at this time is

done under such treafing conditions that the well

forming n-type, as introduced into the semiconductor

substrate body 2S, will né% diffuse. In this case,

too, the treating conditions are as follows, although

10 they cannot be generally specified because they are

difference according to the design conditions.

Specifically, the treating temperature is exemplified

by 850°C to 950°C, and the treating time period is

'exemplified by about 20 min.

15 ~ 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 diffusion furnace

20 to dope the epitaxial layer 2E (as called the

"auto-doping phenomenon").

‘Thanks to the capping insuiating film 23, it is
possible to suppress the diffusion (as called the

"out-diffusion phenomenon") of the impurities of the

25 well forming doped regions 3al and 3bl at the well
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is formed over the epitaxial layer 2E1, and the nM3S 5N is formed over the
epitaxial layer 2E2. The inpurity concentrations of those sem conductor
regi ons 5P1, 5P2, 5N1 and 5N2 are about 15 . 0.5 x [err] to 5 x [err]
atoms/cn8, preferably 1 x [err] atonms/cnB. Moreover, the semn conductor
regions 5P1, 5P2, 5N1 and 5N2 have their bottom portions set deeper than
't he punch-through stoppers 5P3 and 5N3 but shallower than the wells 3a and
3b. 20 _ Next, as shown in Fig. 11, the insulating film®6 of [err] for
exanpl e, is deposited over the sem conductor substrate 2 by the CVD nethod
or. the like. After this, the insulating film®6 is fornmed with the
connection hol dsffupdonesfen agd ve prevent the epitaxial layer 2E
from being doped by the impurities having diffused.
As a result, the impurity concentration setting
accuracy of the epitaxial layer 2E can be improved to
5 improve the setting accuracy of the resistivity or the
like in the epitaxial layer 2E.
However, the method of forming the capping
insulating £ilm 23 should not be limited to the
thermal oxidation but can be modified in various
10 _'manners such as the low-pressure CVD method or the
plasma CVD method. In these cases, the treating
temperature can be lower than that of the case of the
thermal oxidation. 1In case the low-pressure CVD
method is used, for example, the treating temperature
15 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
20 impurities are caused to diffuse into the epitaxial -
layer 2E such that the lightly doped epitaxial layer
2E having a thickness of about 0.3 pm is left in the
surface layer.

Considering this, the treating conditions cannot

25 be generally specified but as follows, although they
. : -
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25  semi conduct or regions 5P1, 5P2, 5N1 and 5N2 by the 44
phot ol i t hography and the etching techni que. Subsequently, there is
deposited on the sem conductor substrate 2 the conductor filmof an [err]
alloy by the sputtering nethod or the 5 evaporation nmethod. After this,
the conductor filmis patterned by the photolithography or the etching
technique, to formthe el ectrodes 8P1, 8P2, 8Nl and 8N2 and the first-Ilayer
wiring line 8L, as shown in Fig. 1. :

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

5 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.

10 - After this, the capping insulating film 23 is
removed, and the semiconductor integrated circuit
device is then manufactured at the steps similar to
those of'Fig. 7 and later of the foregoing embodiment
1.

15 Thus, according to the present embodiment 13, the
following 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

20 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

25 recover the damage so that the epitaxial layer 2E

I ————
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10 After this, the SO filmand the [err] filmare sequentially
| am nated in the recited order fromthe bottom over the sem conductor
substrate 2. After this, the surface passivation film9 is partially
formed with bondi ng pad connection holes to end the 15 manuf acture of the
sem conductor integrated circuit device. Thus, the followi ng effects can be
achi eved according to the present enbodinment 1. (1) The heavily doped
wells 3a and 3b are overlain by 20 " the lightly doped epitaxial |ayer 2E
havi ng the epitaxial |ayers 2E1 and 2E2, on which are nounted the pMOS 5P
and the nMOS 5N. As a result, these pMOS 5P and nMOS 5N can have their
characteristi chavdng exgedlent crystallizability can be formed. -

(2) Prior to the well diffusion treating stepf the

capping insulating film 23 is formed over the

epitaxial layer 2E so that the auto-diffusion

5 phenomenon of the impurities at the diffusion treating

step can be suppressed while preventing the

auto-~-doping phenomenon. As a result, it is possible

to improve the setting acguracy of the impurity

concentration in the epitaxial layer 2E.

10 (3) Thanks to the aforementioned effect (2), the
fluctuation of the electric characteristics (e.g., the
resistivity) of the epitaxial layer 2E due to the
auto-doping phenbmenon can be prevented to improve the
setting accuracy of the electric Characteristics.

15 (4) Thanks to the aforementioned effects (1) to (3),
it is possible to improve the performances,
reliabilities and production yields of the MOS:FETs 5N
and 5P (as shown in Fig. 1) to be formed in the
epitaxial layer 2E.

20 { Embodiment 14)

Fig. 41 is a section showing an essential portion
of a semiconductor integrated circuit device according
to a further embodiment of the present invention, and

Fig. 42 is a graph diagram plotting a depthwise

25 impurity concentration distribution of a semiconductor
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threshold voltage or the substrate effects) accurately 25 set w thout
bei ng i nfluenced by the inpurities in the 45 wells 3a-and 3b and the
sem conductor substrate body 2S. As a result, the pMOS 5P and the nMOS 5N
can ‘have their characteristic fluctuations suppressed to inprove the
setting accuracy of the characteristics. 5 (2)- The pMOS 5P and the nMOS
.5N are nounted on the lightly doped epitaxial |ayers 2E1 and 2E2 so t hat
the junction capacity of the drain can be reduced. As a result, the pMOS
5P and the nMOS 5N can have their

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

_ 5 substrate, there are mounted the MOS‘:FETs 5N and 5P
which have the LDD (Lightly Doped Drain) structure.

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

10 Specifically, the 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

15 region.. The semiconductor regione 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

20 region.

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

25 layer 2El. - | R
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tailing characteristics inproved to inprove the 10 carrier nobility. As
aresult, it is possible to inprove the action speed of the sem conductor
integrated circuit device. (3) The pMO3S 5p, the nMOS 5N and so on are
formed in the epitaxial layer 2E. As a result, it is possible 15 to
reduce the substrate effects and to inprove the carrier mobility. (4) The
‘heavily doped wells 3a and 3b are overlain by the lightly doped epitaxial
| ayer 2E, on which are mounted the pMOS 5P and the nMOS 5N.  As a result,
t he 20 i mpurity concentrations of the wells 3a and 3b can be set
substantially independently of the characteristics of the pMOS 5P and the
nMOS 5N so that thqunhutHQ/heavily doped regions 5Nla and 5N2a and
the lightly doped regions 5N1b and 5N2b contain the
n-type impurity of phosphor or As, for example. The
lightly doped regions 5N1lb and 5N2b have their
5 impurity concentrations set lower than those of the
heavily doped regions 5Nla and 5N2a.
Moreover, both the heavily doped regioné 5Pla and
5P2a and the lightly doped regions 5P1b and 5P2b
contain the p-type impurity of phosphor or As, for
10 example. The lightly doped regions 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
15 silicide walls 24 of Si0,, for example, so as to make
the LDD structure. The heavily doped regions 5Nla and
5N2a, and 5Pla and 5P2a are formed in self-alignment
with the side walls 24. The lightly doped regions
5N1b and 5N2b are formed in self-alignment with the
20 gate electrode 5N5. The lightly doped regions 5P1lb
and 5P2b are formed in self—aiignment with the gate
electrode 5P5.
In this case, too, the punch#th:ough stoppers 5N3

and 5P3 have their maximum concentration portions

25 located in positions shallower than those of the
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concentrations of the wells 3a and 3b can be set to higher.levels t han
those of the prior art. 25 (5) Thanks to the aforenentioned effect (4),
it is 46 possible to inprove the latch-up resistance of the CMOS
circuit. (6) Thanks to the aforenentioned effect (5), it is possible to
make the circuit l|ayout design sufficient. 5 for-the |atch-up. breakage.
(7) Thanks to the aforenentioned effect (4) it is possible to inprove the
soft-error resistance. S
semiconductor regions 5N1 and 5N2 of the MOS:FET 5N
and the semiconductor region 5P1 and 5P2 of the
MOS: FET 5P. In the present embodiment 14, the
punch-through stoppers 5N3 and 5P3 have their maximum
5 concentration portions located in the vicinity of the
depth of the lightly doped regions 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.
10 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
15 taken along line A - A of Fig. 41, is plotted in Fig.
42. Incidentally, the impurity distribution of Fig.
42 can apply to the foregoing embodiments 1 to 13,
too.
The epitaxial layer 2E2 (of'zsl) forming the
20 = 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
25 3b as a heaviiy doped region.

—_—
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(8) Thanks to the aforenentioned effect (4), it is possible to inprove the
punch-t hrough resistance in 10 the sem conductor substrate. (9) Thanks
to the aforenentioned effects (3) and (6), it is possible to facilitate the
circuit design of the sem conductor integrated circuit device. (10) Thanks
to the aforenmentioned effect (4), it is 15 possible to make the wells 3a
and 3b shal | ower than those of the prior art, so that the tine period for
thermally treating the wells 3a and ‘3b can be drastically shortened. In
case the treating tenperature is held constant, for exanple, the tine 20
period can be shortened fromsix hours in the prior art to about thirty

m nut es. 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.
5 : Thus, the present emquiment 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
10 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
15 presént invention is applied to fhe semiconductor
integrated circuit device having the so—called "double
well structure." Despite of this description,
hoﬁever, the present invention should not be limited
thereto butlcan be applied to a semiconductor
20 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
25 single well structure. The element isolating poftion
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(11) Thanks to the aforenentioned effect (10), it is possible.to
drastically reduce the warp and the crystal defect of thé sem conductor
substrate body 2S 25 due to the thermal treatnent. 47 (12) Thanks to -
the aforenentioned effect (4), no channel stopper need be forned bel ow t he
field insulating film4 so that the step of introducing the inpurity for
form ng the channel stopper can be 5 elimnated. This nmakes it possible
to shorten the tine period for manufiacturing the sem conductor

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

5 semiconductor region (or fourth region) 21i over the
-semiconductor substraté_body 2S is doped with the
iﬁpurity of the same conduction type as that of the
impurity contained in'theyéemiconductor substrate body
2S, such as tﬁe p-type impurity of boron. The

10 remaining construction.is identical to that of the
foregoing embodiment 9.

On the ofher hand, Fig. 45 shows another
modification of the element isolating portion 21 in
the case of the semiconductor integrated circuit

15 device having the single weil structure. The.element
isolating ﬁortion 21 is composed of two semiconductor
regions 21g and 21j of different conduction types
arranged adjacent to each other. The semiconductor
region (or sixth region) 21j over the semiconductor

20 substrate body 2S is doped with thé impurity of the

. same conduction tybe 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.

25 On the other hand, the foregoing embodiments 1 to

_—
Thls Sheet Has Beg

- i Illl i



integrated circuit device. (13) Thanks to the aforenentioned effect (4),
no channel stopper need be formed below the field 10 insulating film4 so
that the step of introducing the inpurity for formng the channel stopper
can be elimnated. This nakes it possible to prevent the crystal defect or
the |ike of the sem conductor substrate body 2S due to the inpurity
I ntroduction. 15 (14) Thanks to the aforenentioned effect (4), no
channel stopper need be forned below the field insulating film4 so that
the parasitic capacity due to the channel stopper can be elinminated. This
makes it possible to inprove the action speed of the 20 sem conduct or
i ntegrated circldthafewilbeen described as to the case in-which the
epitaxial layer. forming the pMOS and the nMOS has its
impurity concentration set by the ion implantation
method separately of another manufacture step.
5 Despite of this description, however, the impurity
concentration of the epitaxial layer may be set
according to the desired element characteristics at an
ion implantation step forvforming the punch-through
stopper, for example. |
10 At the time of forming the punch-through stopper,
for example, the impurity concentration of the layer
below the pnnch-through stopper may be set to a
predetermined value. At this ion implantation step
for forming the punch—through stopper, moreover, the
15 impurity concentration 6f the layer below the punch-
through stopper is set to a predetermined value, and
the impurity concentration of the channel over the
punch?through stopper may be set according to the
desired element characteristics.
20 On the other'hand, the foregoing embodiments 1 to
14 have been described as to the case in which the SiH,
gases are used at the time of the epitaxial growth.
Despite of this description, however, the present
invention should not be limited thereto but can be
25 modified in various manners. For example,
This Sheet as
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(15) Thanks to the aforenentioned effect (4), no channel stopper need be
formed below the field insulating film4. As a result, it is possible to

i nprove the drain breakdown voltage which is regul ated 25 by the

super posed portion between the drain end 48 portion and the end portion
of the channel stopper. (16) The pMOS 5P, the nMOS 5N and so on are forned
in the lightly doped epitaxial |ayer 2E so that the junction breakdown
voltage of the drain can be 5 i nproved.

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
5 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

10 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 .

15 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.-

20 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

25 find various applications including active elements
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(17) ~The gate insulating filnms 5P4 and 5N4 of the pMOS 5P and the nMOS 5N
are formed over the epitaxial layer 2E so that the gate insulating filmns
5P4 and 5N4 can have their filmquali'ties inproved to inprove 10 their
breakdown voltages. (18) The gate insulating filns 5P4 and 5N4 of the pMoS
SP and the nMOS 5N are formed over the epitaxial layer 2E so that the gate
insul ating-film5P4 can have its defect density inproved (or reduced) by
one figure 15 or nore. (19) The pMOS 5P and the nMOS 5N formed in the
lightly doped epitaxial |ayer 2E are fornmed with the punch-through stoppers
5P3 and 5N3, respectively, so that the punch-through breakdown vol t ages
bet ween t he such as bipolar transistors or diodes, . capacitors
having pn junctions and insulating films betweéen
electrodes, or passive elements such as diffusion
resistors. The present invention can be further
5 applied to microprocessors, ASIC (Application Specific
IC) or various semiconductor memory integrated
circuits having those elements integrated therein.
On the other hand, the foregoing embodiments 1 to
14 have been described as to the case using the p-type
10 semiconductor substrate body. Despite of this
description, however, the present invention should not
be limited thereto but can also find an application
using an n-type semiconductor substrate body.
On the other hand, the foregoing embodiments 1 to
15 14 have been described as to the MOS:FETs. Despite  of
this descrlption however, the present 1nvention
should not be limited thereto but can also use MIS
(Metal Insulator Semiconductor) FETs.
On the other hand, the foregoing embodiment 7 has
20 been described as to the case in which the epitaxial
layer in the memory cell array has its impurity
concentration set equal to or higher than that of the
wells. Despite_of this description, however, the

present invention should not be limited thereto but

25 can also modified, as in the foregoing embodiment 6
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20  individual sources-drains of the pMOS 5P and the nMOS 5N can be

I nproved. (20) The differential anplifier 10 is constructed of the MOS
FETs having the present structure so that the filmqualities of the gate
insulating films of the 25 pMOSes 5Pa and 5Pb and the nMOSes 5Na to 5Nc
conposi ng 49 the differential anplifier 10 can be inproved to provide
the differential anplifier 10 having | ess noi ses, especially less 1/f

noi ses. (21) The differential anplifier 10 is constructed of

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
5 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
10 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
15 (Erasable Programmable ROM (Read Only Memory)) or mask
ROM. |
On the other hand, the present structure can also
be applied to the so-called "ferroelectric memory
circuit (FRAM: Ferroelectric Random Access Memory)",
| 20 i.e., a.memory circuit having a 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

25 been described as to the case in which the epitaxial .

—
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5 the MOS FETs having the present structure so that the sources-drains of
the pM3Ses 5Pa and 5Pb and the nMOSes 5Na to 5Nc conposing the differenti al
anplifier 10 have their bottom faces contacting with the epitaxial |ayer

2E. As a result, the load capacity 10 " can be reduced to increase the
cut-off frequency t hereby to inprove the high-frequency characteristics of
the differential anplifier 10. (22) The differential anplifier 10 is
constructed of the MOS FETs having t'he present structure so that the 15
substrate effect can be reduced to determne the threshold vol tage uni quely
with the amount of ion inplantation by the channel doping. As aresult, it
i s possible toilsdicdd hedaimiry ddiagasmsofi ishdmpurity

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
5 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

10 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.

15 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

20 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

25 device of the present invention, the lightly doped

-
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nNCSés 5Na and 5Nb used for the differentiation. 20 (23) The
differential anplifier 10 is constructed of the MOS FETs 'having the present
structure so that the sources-drains of the pMOSes 5Pa and 5Pb and the
nMOSes 5Na to 5Nc conposing the differential anplifier 10 are fornmed in the
lightly doped epitaxial layer 2E. 25 As a result, the sub-threshold
coefficient in the | ow 50 current region can be reduced, that is, the
‘gradi ent of the current-voltage characteristics can-be increased to effect
‘the [ owvoltage actions.
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
5 being influenced by the impurities in the first
region, the second region and the semiconductor
substrate body.so that.the setting accuracy of the
element characteristics cgh be improved. Thus, it is
possible to improve the performance, reliability and
10 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
15 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. |
20 (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 elements. As a result, the first region

25 and the second region can have their impurity
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(24) The differential anplifier 10 is constructed of 5 the MOS FETs
havi ng the present structure so that the early voltage can be raised by
properly selecting the distance fromthe boundary between the punch-through
stoppers 5P3 and 5N3 and the gate insulating filnms 5P4 and 5N4. As a
result, it is possible to increase the 10 gain of the differenti al
anplifier 10. (Enbodinent 2) Fig. 12 is a section showi ng an essenti al
portion of a sem conductor integrated circuit device according to another
enbodi nent of the present invention. 15 We have specifically

I nvestigated the case in which the structure of the foregoing enbodi nent 1
is applied to zonesntrabicne set agibaitathtdialdy tindepeadently of the

characteristics of the predetermined elements.
(4) Thanks to the aforementioned effect (3), it is
possible to improve the latch-up breakdown voltage.

5 Thus, it is possible to improve_the.performance,
reliability and production yield of the semiconductor
integrated circuit device. |
(5) Thanks to the aforem;;tioned effect (3), it is
possible to improve the soft-error breakdown voltage.

10 Thus, it is possible to improve the performance,
reliability and production yield of the semiconductor
integra?ed circuit device.

(6) Thanks to the aforementioned effect (3), the
impurity concentrations of the first region-aAd the

15 second region can be set to values'sufficient for the
element isolations so that the channel stopper can be
eliminated by extending the element isolating portion
to the first region and the second region. Thus, the
parasitic capacity can be reduced to iﬁprove the

20 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

25 thicknesses of the first region and the.second region.

-
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havi ng an el ectrostatic protection circuit to be added between an

I nput/output circuit and a power supply, 20 and have found that the

.di el ectric breakdown vol tage .of the elenments for the electrostatic
‘protection circuit may drop if the present structure is used. Generally
.speaking, the elenents for the electrostatic protection circuit are
frequently made 25 of either the MOS FETs or the horizontal bipolar 51
‘transistors which are parasitically ' formed below the field insulating film

Thus, it is pdssibie to reduce the thermal treating
time peried drastically for forming the first region
and the second region;
(8) According to the semiconductor integrated circuit
5 device of the present invention, the lightly doped

epitexial layer, aslformed over the heavily doped
first and second regions,.is.formed with the
predetermined elements. ie a result, the first region
and the second regioﬁ can have their impurity

10 concentrations set substantially independently of the
characteristics of the predetermined elements. Thus,
it is possible to facilitate the control of forming
the first regien and the second region.
(9) According to the semiconducfd; integrated circuit

15 device of the preseet 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

20 element forming regions can be formed without
inereasing the'area occupied by the element isolating
portion. In other words, the semiconductor integrated
circuit device can cope with the structure having a
thick epitaxial layer. |

25 (10) 'According to the semiconductor integrated

_____*____~__‘_____—
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In this case, the majority carriers to be produced by the aval anche
phenonmenon of the collector/ 5 base junction generate the base current,
to discharge the minority carriers by driving the bipolar transistors. In
case, however, the structure of the foregoing enbodinent 1 is applied to a
sem conductor integrated 10 circuit device having the electrostatic
protection circuit, the inpurity concentration of the base region in the

el enents for the electrostatic protéction circuit may have the vertical
direction. In other words, the inmpurity concentration may be uneven in the
15 depthw se direction of the semiconductor substrate. Especially the
hori zontal bi peligtutitadeivdicer ofathe 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

5 satisfactorily protect the epitaxial layer in the
channel, the semiconductor substrate body, and the
Junction portion of the first and second region.
Thus, it is possible to improve the performance,
reliability and production yield of the semiconductor

10 integrated circuit device.
(11) According to the semiconductor integrated
circuit’device of the present invention, the epitaxial
layer, as equipped with the MIS‘FETs, is formed at a
predetermined depth with the eighth region for the

15 punch-through stopper. As a result, it is possible to
prevent the punch-through phenomenon between the |
sources and drains of the MIS'FETs. Thus, if is
possible to improve the perfbrmance, reliability and
production yield of the semiconductor integrated

20 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

25 circuit and the power supply has its impurity
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formed bel ow the MOS FET, never fails to have that distribution. Mreover,

this inmpurity distribution causes a 20 deviation in the mnority carrier

distribution in the base region at the drive tine of the bipolar transistor
thereby to invite the current concentration in the collector/base Junctlon
so that the dielectric breakdown voltage in the elenments for the 25

el ectrostatic protection circuit drops 52 The present enbodi nent 2
proposes a structure for

concentration set equal to or higher than that of the
first region. .As a result, it is possible to -
eliminate the deviation'of the minority carriers of
the base region at the operating time of the bipolar

5 transistors for the 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

10 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.

15 (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

20 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

25 pairs by the alpha ray, from invading the information

| This Sheet Has Been R,

111



solving that problem This structure will be described with reference to
Fig. 12. In Fig. 12, the righthand side shows an internal circuit region
A, and 5 the | efthand side shows an el ectrostatic protection circuit
region B. The construction of the internal circuit is simlar to that of
the foregoing embodiment 1. In the present enbodiment 2, however, in the
regi on where the 10 wel | containing the p-type |npur|ty or boron and the
field insulating film4 are in contact, there is fornmed a channel stopper
14. This channel stopper 14 is doped with a p-type inpurity such as boron.
The inpurity concentration is exenplified by 1 x [ERR] to 5 15 X [err]
atons/ cnB, prehedding Pporti®hZ [ &srla result, it is possible to

prevent the drop of the memory holding.charactéristics

of the semiconductor integrated circuit device having

the memory cells. Thus, it is possible to improve the

5 performance, reliabilify and production yield of the

semiconductor integrated circuit device.

(14) According to the semiconductor integrated

circuit device of the preéént invention, of the

epitaxial layer, the epitaxial layer in the memory

10 cell forming region has its impurity concentration
set, only below the semiconductor region other than
that to be connected with the data lines, to a value
higher than that of the epitaxial layer in the element
forming region for the internal circuit. As a result,

15 It is possible to prevent the drop of the memory
holding characteristics without increasing the load
capacity of the data line. Thus, it is possible to
improée the performance, reliability and production
yvield of the semiconductor integrated circuit device.

20 (15) According to the semiconductor integrated
Circuit'device of the present invention, the thermal
treatment is done for recovering the damage after the
impurity introducing step, followed by forming the
epitaxial layer, so that the crystal defect of the

25 semiconductor substrate body surface layer can be
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This is because the p-type inpurity of boron may diffuse at the tine of
formng the field insulating film4 so that its concentration nay not be
sufficiently retained in that contact region. In 20 = order to conpensate
this, the channel stopper 14 is formed. In the remaining points, the
construction is simlar to that of the foregoing enbodi nent 1. The

el ectrostatic protection circuit region Bis formed with a horizontal npn

PipoLar transi stor 15a 25 and a horizontal pnp bipolar transistor 15b.
n the 53

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
5 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
10 over the epitaxial layer so that the first impurity
and the second impurity can be suppressed from
diffusing into the diffusion furnace during the
diffusion treating step.while preventing the epitaxial
layer from being doped with the impurities having
15 diffused. Thus, it is possible to improve the
accuracy of setting the impurity concentration in the
epitaxial layer.
(17) Thanks to the aforementioned effect (16), the
electric characteristics such as the_resistivity in
20 tne 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.

-

heet Has Been Reilaced :

<00 - H||\|\\ N



present enbodi nent 2, the epitaxial layers 2E3" ant—2E4 in this
el ectrostatic protection circuit region B haniWelr I mpuri ty—

concentrations set to equal to or higher tha l‘lﬂ lls 3a and 3b
In short, 5 the impurity concentrations of L” ngyers 2E3 and
xial layers

2E4 are set to about 1 x [err] [err] or nore. Here, tMe &pi
2E3 and 2E4 are forned to have their inpurity distributions set as
uniformy 10 as possible in their ‘'entirety or their inpurity
concentrations raised at their surface portions. As a result, it is
possible to elimnate the regions of the epitaxial |ayers 2E3 and 2E4,
where the concgmnratsoctATMED gsal |y | ower, thereby to eliminate

1. A semiconductor integrated circuit device
comprising:

5 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 '

10 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

15 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

20 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

25 a third semiconductor region formed at a position
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15 fhe deviation of the mnority carriers in the base regions 15anand'
15bl at the action tinmes of the bipolar transistors 5a and-15b for the

el ectrostatic protection circuit. As a r: any -1ocal current

concentration can 20 be prevented from \‘“ml&pl taxial |ayers
2E3 and 2E4 to produce the electric curren Wﬂ“\u e col |l ector/base
junction so that the electrostatic breakdo Iﬂagé cdn be prevented from

dropping in the bipolar transistors 15a and 15b for 25
protection circuit.

the electrostatic

of a predetermined depth in said epitaxial layer to

have a conduction type opposite to that of said second

semiconductqf regions and an impurity concentration

higher than that of said epitaxial layer,

5 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.

10 2. A semiconductor integrated circuit device '

according to claim 1,

wherein said second semiconductor regions include

heavily doped regions and lightly doped regions

arranged inside of said heavily doped regions, to

15 construct the LDD structure.

3. A semiconductor integrated circuit device

accbrding to claim 2,

wherein said third semiconductor region has its -

20 maximum concentration portion at a position shallower

than the paired second semiconductor regions in said

MIS- FET.

4. A semiconductor integrated circuit device

25 according to claim 1, further comprising:
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54 These epi taxi al layers 2E3 and 2E4 have their inpurity concentrations
set by the ordinary photolithography technique and'“U_‘TWﬁranrarfon

techni que, for exanple. 5 Specifically, substrate
2 is formed thereon with the (not-shown) photor [ﬂ@ﬂﬂ mﬂ exposi ng
the region of the epitaxial layer 2E3, and this p ern I's then
used as the mask for inplanting the epitaxial |ayer 2E3 with an 10 n-type
i mpurity such as phosphor through the (not- shown) through film The

dosage at this tinme is exenplified by 1 x [err] [err]. Subsequently, the
photoresi st pattern is renoved, '

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

5 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

‘10 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

15 of said element isolating insulating film.

5. A semiconductor integrated circuit device
accbrding to claim 4,
'wherein said element isolating insulating film is
20 formed in a channel.extending to the upper portion of

said semiconductor substrate body.

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

25 wherein said element isolating insulating film
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and the (not-shown) photoresist pattern for exposing 15 the region of the
epitaxial layer 2E4 is then formed and used as the ﬁéék'to*iﬁpLanL\Lhe
epitaxial layer 2E4 with a p-type inpurity such as ugh t he
(not-shown) through film The dosage at this tirre ’Hﬂgm , y 1 x
[err] [err]. 20 After this, the sem conductor su E
subjected to a thermal treatnent to set the inpurity’ concentratichs and
distributions of the epitaxial |ayers 2E3 and 2E4. Thus, in the present
enbodi nrent 2, the follow ng 25 effects can be attained in addition to the
effects (1) '

includes an insulating film formed on the surface of

said channel by.a thermal oxidation method.

7. A semiconductor integrated circuit device
5 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
10 circuit and a powef circuit has its impurity
concentration set equal to or higher than that of said

first semiconductor region.

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

wherein an analog circuit is constructed.

9. A_semiconductor integrated circuit device
according to claim 4, |
20 whefein, 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.

25
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55 to (11) and (16) to (24), as obtained in the foregoing enbodi ment 1.
Specifically, the inpurity concentrations of the epitax%a%—%ayers—2E3“aﬁH—

2E4 in the electrostatic 5 . protection circuit region.B ar
or higher than those of the wells 3a and 3b so that the wij] ﬁmg BJ‘ “I
distributions in the epitaxial layers 2E3 and 2E4 may be
possible in their entirety or so that the i mpurity concentrations of the
epi taxial 10 l.Layers 2E3 and 2E4 may be higher in their surface portions.
As a result, it is possible to elimnate the regions in the epitaxial
| ayers 2E3 and 2E4, where

10. A semiconductor integrated circuit device -

according to clainm 4,
wheréin, of said epitaxial layer, the epitaxial
layer in a memory cell forming region has its impurity
5 concentration set, below the semiconductor region
other than that to be connected with a daté line, to a
value higher than that of the epitaxial layer in the

element forming region for an internal circuit.

10 | 11. A semiconductor integrated circuit device
according to claim 9, |
whgrein said memory cell is a memory gell of a
dynamic random access memory, a memory cell of a

static random access memory or a memory cell of a read

15 only memory.

12. A semiconductor integrated circuit device
according to claim 4, . .
wherein said epitaxial layer is equipped with
20 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

25 concentration set to a value higher than that of the
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the concentrations are locally |ower, thereby to elimnate the deviation of
the mnority carriers in 15 t he base regi ons at the—action tines of the

:bi pol ar transistors 15a and 15b for the electrostatic uit.

As a result, the local current concentration can be - g‘ﬁ Eﬂ“ﬁ{mﬂmﬁ

occurring in the epitaxial l|ayers 2E3 and 2E4, to. pr une f or m*20

current flowin the collector/base junction so that: the electrostatic

br eakdown voltages in the bipolar transistors 15a and 15b for the

el ectrostatic protection circuit can be prevented from droppi ng.

(Enmbodi nent . 3) 25 Fig. 13 is a section showing an essential portion
epitaxial layer below the semiconductor region for the

source/drain, as connected between said transfer

MOS* FET and the data line.

5 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
10 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
15 source/drain, as.connected between said transfer

MOS* FET and the data line.

14. -A process for manufacturing a semiconductor
integrated circnit device, comprising:

20 (a) the sfep of doping a semiconductor substraté body
with a first impurity:
(b) the step of doping said semiconductor substrate
body with a second impurity of a conduct;on.type .
opposite to that of said first impurity:

25 (c) the step of forming an epitaxial layer over the
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56 of a seniconductor integrated circuit device according to  still another
enbodi nent of the present invention. W have speC|f|caIIy “Tnvestigated the

case in which the structure of the foregoing enbodlnent to
a sem conductor integrated circuit device having a DRA l“L“k mv“l“m\”mj
(Random Access Menory)), and have found that the carrie iLngM

characteristics nmay drop in the capacity elenment portion of the DRAMif the

present structure is used. 10 ~ *In the case of a nenory circuit, the
hol di ng characteristics of the carriers, as latched in the

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
5 epitaxial layer; and

(e) the step of forming a first semiconductor region
and a second semiconductor region individually by
subjecting the semiconducgbr substrate body formed
with said epitaxial layer, to a thermal diffusion

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

15 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

20 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

25 of 900°C to 1,100°C.
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capacity el enent portion, are an inportant perfornmance index. These

hol ding characteristics are substantially determ ned by the anmpunt of
charge, as 15 stored in the capacity el enent portion, and the pn junction
| eakage current of the nmenory circuit, but have to gl ' t he
so-cal l ed "soft-error phenonenon", in which the stoﬂmﬂlmmljmlgmam ars
due to the influences of the electron-hole pair to. be 26 vLprwduce

al pha ray emtted to the sem conductor substrate fromthe radioact|ve
substance contained in the wiring line and the sealing resin nmaterial.

Here, in case the structure of the aforementioned embodinent 1 is applied

fﬁpb?ftffm”y £hrcuif ptBBed8 fok UREhLEACERPRSS Y sémidBilduceds there is no

integrated circuit device according to claim 14,
wherein a lightly doped region having no impurity
diffusion is left by at least 0.3 um from the
5 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.

10 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
15 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
20 that over said first semiconductor region with an
impurity of the same conduction as that of said second
impurity in a concentration lower than that of said

second semiconductor region.

25 19. A process for manufacturing a semiconductor

This Sheet Has Been R.
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57 reglon 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 | ower the holding characteristics. 5

The present enbodi ment 3 proposes a structure gﬂﬂﬂ ' robl em
This structure will be described with referenc 'm’ 'mjm m"FF' g. 13,
the righthand side shows the internal circuit reglon nct t e | ef t hand

si de shows a nenory cell array M 10 The construction of the
internal circuit is

integrated circuit device according to claim 14,
further comprisi-ng, before elements are to be '.f'ormed
in said epitaxial layer:
(h) the step of setting to a predetermined value the
5 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
10 than that of the same impurity, when said third
semiconductor region for the punch-through stopper is
to be fprmed at a predetermined depth position in said

epitaxial layer.

15 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

20 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

25 concentration than that of the same impurity, when

This Sheet Has Been R,
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S|n1lar to that of the foregoing enbodinment 1. |In the present enbodi nment
3, however, for the sane reason as that of the'fﬁFé@ﬁTﬁﬁ—énbodlnent 2, the

channel stopper 14 is forned in the region in whi
contai ning the p-type inpurity such as boron and BB“(‘ m““"‘tﬁ‘l“tl ng film
4 are in contact. The remaining construction is i Ical 80 sthat of the
foregoi ng enbodi ment 1. The menory cell array Mis arranged with a 20
plurality of nmenory cells MC. Each of these nenory cells MC of the DRAMis
conposed of a transfer MOS FET 16 and a capacitor (or capacity elenent) 17.
The transfer MOS FET 1 is conposed of the follow ng conponents: a pair of
seni conduct or . s@didorthird semiconductor region for the punch-through
stopper is to be formed at a predetermined depth

position in said epitaxial layer.

5 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 ;ééond_impurity is a p-type
impurity'of boron.
10
22. A sémiconductor integrated circuit’ device
accordipg to claim 4,
wherein said epitaxial layer has a thickness of
0.3 ym to 3 um. ‘
15 '
23. A semiconductor integrated circuit device
according to claim 1,
wherein said epitaxial layer has a thickness of
0.3 pm to 3 pﬁ.
20
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
25 of said epitaxial layér.

\
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25 "16N1 and 16N2 fornmed over the epitaxial |ayer 2E and - 58 spaced from
~each other; a gate insulating film 16N3 formed over the %jltaX|aI | aye

“and a gate el ectrode 16N4 formed over the gat II j]ﬂ" mm ‘“h] 16N3. 5
The sem conductor regions 16N1 and 16N2 are r

. source/drain regions of the transfer MOS FET 16 and ar e doped with an

n-type inpurity such as phosphor or arsenic. The inpurity concentrations of
t he sen1conductor

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

5 of said epitaxial layer.

26. A process for manufacturing a semiconductor
integrated circuit deviceyéccording to claim 17,
further comérising: | |
10 (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.
15
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
20_ principal plane of said epitaxial layer after said
steps (f) and (g),
wherein said oxide film forms the gate insulating

film of a MIS- FET.

25 28. A process for manufacturing a. semiconductor

. This Sheet Has Been Re
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10 region§ 16N1 and 16N2 are exenplified by 1 x [errl_£9_§—5_l§1f]
atons/cnB, preferably 3 x [err] [err]. The semiconductor regions 16Nl and

16N2 have their depths set to fall within the r ness of
the epitaxial layer 2E. In the nmenory cells of Wﬂﬂmﬂl‘m
source/drain concentration is |ower than that of" Tssconp05|ng t he
peripheral circuits. One sem conductor region 16Nl is electrically
connected with a data |line 8DL through the connection hole 7 which is
formed in the insulating film6. The 20 data |line 8Dl is nmade of an
[err] alloy, for exanple, and is formed sinultaneously with the first-

| ayer wiring | integrazed sdrcoitTdevdtkeaceoniddngdtot oiaimg@Bn 16N2 is
further comprising: | h
(1) the step of forming an oxide film over the

principal plane of said epitaxial layer after said

5 step (e),

wherein said oxide film forms the gate insulating

£film of a MIS: FET.

_
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el ectrically connected with the capacitor 17. This 25 capacitor 17 is
conposed of the foll ow ng conponents: 59 a |l ower electrode 17a

el ectrically connected with one sem conductor region 16N2 of the transfer
MOS FET 16; a capacitative insulating film 17b formed over the | ower

el ectrode 17a; and an upper electrode 17c forned 5 over the capacitative
insulating film17b. The |ower electrod¢o8/a is formed of a conductor film
of | owresistance poly-silicon or tungsten silicide [err].  The

capaci tative insul ati nq{: m 17b F/G 7
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Is formed of an insulating filmof [err] or tantalum 10 oxi de [err]
Mor eover, the upper electrode 17c is forned of a conductor film of
.l owresistance poly- silicon or [err]. Incidentally, in the present
. enbodi ment 3, the epitaxial layers 2E5 and 2E6 in this nmenory cell MC 15
| have their -inpurity concentrations setlf | to or higher than those of the
'wells 3a and 3b. Specifically, the inp &3 concentrations of the epitaxial
| ayers 2E5 and 2E6 are set to 1 x [err] [err] or nore. 20 . As a
result, it is possible to increase thﬂ&io@capaci ty of the epitaxial
| ayers 2E5 and 2E6 between the sem cord ¢ regions 16Nl and 16N2 and

11a 11b 11a 11b

(d
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the epitaxial layers 2E5 and 2E6 and to formthe barrier |ayer for prevent
the carriers produced due to 25 the el ectron-hole pairs by the al pha ray
from i nvadi ng 60 the capacitor 17. As a result, the nmenory hol di ng
characteristics fromdropping even in case the structure of the foregoing
enbodinent -1 is applied to the sem conductor integrated circuit device
having the 5 DRAM  Specifically, tha3A23rier |ayer for reducing the

i nvasion of the carriers, which are produced due to the electron-hole pairs
by the al pha ray, fromthe '
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well 3b into the epitaxial |layers 2E5 and 2E6 can be established by the
well 3b and the epitaxial |ayers 10 2E5 and 2E6. These epitaxial |ayers
2E5 and 2E6 have their inmpurity concentrations set by the ordinary

- phot ol i t hography techni que and the ion inplantation technique, for exanple,
after the gate insulating 15 films 5P4, 5N4 and the 16N3 have been
.formed. Specifically, the sem conductoﬁ/sZBJstrate 2 is fornmed thereon at
first with the (not-shown) photoresist pattern for exposing the epitaxial

| ayers 2E5 and 2E6 in the nmenory cell array M After this, 20 t he
photoresist pattern is used as the mask for inplanting the epitaxial |ayers

2E5 and 2E6 with the :
| FIG. 8
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lons of an n-type inpurity such as phosphor through the (not-shown) through
film The dosage at this tinme is exenplified by 1 x 1013 [err]. After
this, the 25 sem conductor  substrate 2 is subjected to a thermal 61
ctreatnment to set the inpurity concentratlons and distributions of the

. epitaxial layers 2E3 and 2E4. Thus, d%(e present enbodi nent 3, the
“follow ng effects can be achieved in a 230n to the effects (1) 5 to
(11) and (16) to (24), as obtained in the foregoi ng enbodi nent 1.
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Specifically, the inpurity concentrations of the epitaxial |ayers 2E5 and

" 2E6 in the nenory cell array Mare set equal to or higher than those of the

wells 10 3a and 3b so that the junction capacity in the epitaxial |ayers
2E5 and 2E6 can be increased while formng the barrier |layer for preventing
the carriers, which are produced due to the electron-hole pairs by the

‘al pha ray, frominvading the capacitor /23 As a 15 result, it is

possi ble to prevent the reduction of the nenory hol ding characteristics of
t he sem conductor integrated circuit device having the DRAM (Enmbodi nent 4)
Fig. 14 i's a section show ng an essential portion 20 of a sem conductor

I ntegrated circuit device according-
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to a further enbodi nent of the present invention. The sem conduct or
cintegrated circuit device of the present enbodinent 4 is exenplified by a
sem conductor integrated circuit device having the 25 same DRAM as t hat
of the foregoing enbodinment 3. In 62 the present enbodi nent 4, however,
.in the epitaxial layers 2E5 and 2E6 of the nenory cell array M only the
“layer bel ow the sem conductor region Lﬁy@ to be connected wth the
capacitor ‘17 and its nei ghborhood 5 a % their inmpurity concentrations
set equal to or :




hi gher than those of the wells 3a and 3b, as shown in Fig.
the | ayer below the sem conductor region 16Nl to be connected with the data
line 8DL and 10 I ts nei ghborhood have their inpurity concentrations set
to levels as | ow as those of the foregoing enbodinent 1, and the lightly
~doped region is forned as in the foregoing enbodinent 1 with a

- punch-t hrough stopper (or an eighth regfag) 16N5. The remaining 15°
construction is simlar to that of the foregoing enbodi nent 3.

Specifically, the |ayer bel ow the sem conductor region 16Nl and its

nei ghbor hood have their inmpurity concentrations set, over and bel ow the

14. Nbreover,

punch-t hrough stopper 16N5, to'levels as |ow as those
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20 of the enbodinent 1. As a result, in the present enbodi nent 4, the
.effects of the foregoing enbodi nent 4 can be attained wi thout increasing
the | oad capacity of the data line 8DL. Specifically, it is possible to
- prevent both the 25 reductions of the data transfer rate and the nenory
1 63 holding.-characteristics of the sem conductor integrated circuit device
"having the DRAM (Enbodi nent 5) Fig. 18/23 a section showi ng an essentia
portion
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5 of a sem conductor in
. enbodi nent of the present invention.

integrated circuit device according to a further

The present enbodiment 5 wl|

be

described in connection with the case in which the structure of the

~foregoing enbodinment 1 is applied to a sem conduct or
~circuit device having a SRAM (Static RAM).

In

10
this case, t

a problemsimlar to that of the foreg¢Qpg3enbodi nent 3.

problemis the reduction in the nenory hol ding characteristics.
present enbodi nent 5 proposes a 15

wi |

menory cel

array M

FIG. 16

_ be described with reference to Fig.
si de shows the interna

15.

In Fig. 15

structure for solving the problem as

I nt egrated

00, there arises

Specifically, the
The

t he right hand

circuit region A, and the |efthand side shows the
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The construction of the internal
 foregoi ng enbodi nent 1.
‘reason as that of the foregoi ng enbodi nent 2,
formed in the region in which the well
boron and the field 25

I The

FIG. 17

64 remai ning construction is
~enbodi ment- 1. The nenory cell array

circuit

is 20
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simlar to that of the

In the present enbodi ment 5, however, for the sane
t he channel - st opper
containing the p-type inpurity of

insulating film4 are in contact with each ot her.

| £ fcal to that of the foregoing
hffgégrranged_w

14 is



transfer MOS FET 18 and a driver MOS FET 19. Each 5 menory cell of the
.SRAM i s conposed of a pair of driver MOS FETs 19, a pair of transfer MOS
FETs 18, and a pair of load el enents. The paired driver MOS FETs are
‘cross-connected. The transfer MOS FET 18 is conposed of the 10 follow ng
conponents: a pair of sem conductor regions 18Nl and 18N2-fornmed over the
epi taxi al |ayer 2E and spaced from eacA2¢t2®r; a gate insulating film 18N3
‘fornmed over the epitaxial layer 2E; and a gate el ectrode forned over the
gate insulating film18N3. 15 The sem conduct or regions 18Nl and
:18N2 are regions for formng the source/drain regions of the transfer MOS

éFET 18 and are doped with an n-tyF/G 78
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Inmpurity such as phosphor or arsenic. The inpurity concentrations of the
sem conduct or 20 regions 18Nl and 18N2 are exenplified by 0.5 x [err] to
5 x [err] atons/cnB, preferably 1 x [err] [err]. The sem conductor regions
5N1 and 5N2 have their depths set to fall within the range of the thickness
of the epitaxial |ayer 2E. 25 One sem conductor region 18Nl of the
transfer 65 MOS FET 18 is el ectri c3B¥23connected with the data |ine 8DL
t hrough the connection hole 7 which is fornmed

- FIG. 20
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in the insulating film®6. The other sem conductor region 18N2 of the
‘transfer MOS FET 18 is electrically 5 connected with a gate- el ectrode
19N1 of the driver MOS FET 19 through a connection hole 7a. Like the

sem conductor regions 18Nl and 18N2 of the transfer MOS FET 18, the

(not -shown) sem conductor regions formng the source/drain regions of the
.driver MOS FET 10 19 are fornmed in igrzPpitaxial |ayers 2E5 and 2E6. In
‘the present enbodinent 5, the inpurity concentrations of the epitaxial
‘layers 2E5 and 2E6 in the menory cell array Mare set equal to or higher
than those of the wells 3a and 3b. Specifically, the 15 I mpurity
rconcentrations of the epitaxial layers 2E5 and 2E6 are exenplified by 1 Xx

fore o " FIG. 22
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higher. As a result, it is possible to increase the junction capacity in
the epitaxial |ayers 2E5 and 2E6 20 between the drain region of the
driver MOS FET 19 and the epitaxial layers 2E5 and 2E6 and to forma
barrier layer for preventing the carriers produced due to the el ectron-hole
pairs by the alpha ray, as in the foregoing enbodi nent 3, frominvading the
data hol di ng 25 portion. Thus, it 15/¥sible to prevent the 66
reduction in the nmenory hol ding characteristics of the
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sem conductor integrated circuit device having the SRAM Incidentally, the
inpurity concentrations of the 5 epitaxial |ayers 2E5 and 2E6 are set as
in the foregoi ng enbodi nent 3 by the ordinary photo |ithography techni que
and the ion inplantation technique, for exanple, after the gate insulating
films 5P4, 5N4, 18N3 and 19N2 have been forned. 10 Thus, according
to the present enbodi nent 5, the_foH(ﬁpﬁ?%effects can be achieved in
addition to the effects (1) to (11) an ) to (24), as obtained in the

f oregoi ng enbodi ment 1. Specifically, the inpurity concentrations of the 15
epitaxial layers 2E5 and 2E6 in the nenory cell array

FIG. 26
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M are set equal to or higher than those of the wells 3a and 3b so that the
junction capacity in the epitaxial |ayers 2E5 and 2E6 can be increased

while formng the barrier |ayer for preventing the carriers, 20 which.are
produced due to the electron-hole pairs by the al pha ray, frominvading the

i nformati on hol ding portion. As a resiik it is possible to prevent the
reduction of the nenory hol ding charac zgtics. (Enbodi nent 6) 25

Fig. 16 is a section showi ng an essential portion 67
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of a sem conductor int
enbodi nent of the pres
devi ce of the present
circuit device having
present enbodi nent 6,

egrated circuit device according to a further

ent invention. The sem conductor integrated circuit
enbodi ment 6 is a sem conductor integrated 5

the SRAM as in the foregoing enbodinment 5. In the
however, in the epitaxial layers 2E5 and 2E6 of the

menory cell array M only the |ayers b88423t he region to be formed with 10

the driver MOS FET 19

and t he senmiconductor region 18N2 to be connected

with the gate el ectrode 19N1 of the driver MOS FET 19, and their
nei ghbor hoods have their inpurity concentrations set equal to or higher

t han those of the well

s 3a and 3b, as shown in Fig.
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15 16. O the sem conductor regions 18N1 and 18N2 of the transfer MOS FET
18, noreover, the |ayer bel ow the sem conductor region 18Nl to be connected
with the data line 8DL and its nei ghborhood have their inpurity 20
concentrations set to levels as |ow as those of the foregoing enbodi ment 1,
and the lightly doped region is formed as in the foregoing enbodi nent 1
with a punch-through stopper 18N5. Th¢Qpomai ning construction is simlar
to that of the foregoing 25 enbodi ment 5. Specifically, the |layer bel ow
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68 seni conductor region 18Nl and its nei ghborhood have their inpurity
concentrations set, over and bel ow the punch-through stopper 18N5, to

| evel s as | ow as those of the enbodinment 1. 5 As a result, in the
present enbodi nent 6, the effects of the foregoing enbodi nent 5 can be
attained without increasing the |oad capacity of the data |ine 8DL.
Specifically, it is possible to prevergQ/28h the reductions of the data
transfer rate and the nmenory 10 hol di ng characteristics of the

sem conductor integrated circuit device having the SRAM (Enbodi nent 7)
Fig. 17 is a section showing an essential portion
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of a sem conductor integrated circuit device according 15 to a further
enbodi nent of the present invention. The present enbodinent 7 will be
described in connection with the case in which the present invention is
applied to a sem conductor integrated circuit device having an EEPROM
(Electrically Erasable 20 Programmable ROM. In Fig. 17, the righthand
side shows the internal circuit regi o2®W23nd the |efthand side shows the
menory cell array M The construction of the internal circuit is 25
simlar to that of the foregoing enbodinent 1. 1In the

FIG. 41
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69 present enbodi nent 7, too, the channel stopper 14 is formed for the sane
reason as that of the foregoing enbodinent 2 in the region in which the
wel | 3b containing the p-type inpurity of boron and the field 5

insulating film4 are in contact. The renaining construction is identical
to that of the foregoing enbodinent 1. The nenory cell array Mis arranged
with a plurality of menory cells MCL. oJjgg3nenory cell MC1l of 10 this
case i s conposed of the follow ng conponents. Specifically, the conmponents
are: a pair of sem conductor regions 20Nl and 20N2 fornmed over the

FIG. 42
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epitaxial |layer 2E and spaced from each other; a gate insulating film 20N3
formed over the epitaxial |ayer 15 2E; a floating gate el ectrode 20N4
formed over the gate insulating film20N3; an insulating film 20N5 forned
over the floating gate el ectrode 20N4; and a control gate el ectrode 20N6
formed over the insulating film 20N5. 20 The sem conductor regions
.20N1 and 20N2 are doped with an n-type23ﬁ§3rity of phosphor or arsenic.
*The inmpurity concentrations of the sem conductor regions 20N1 and 20N2 are

f bl lified by 1 f 5 Th i duct
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70 so deep as to fall within the range of the thickhess of the epitaxial
| ayer 2E. One sem conductor region 20Nl is electrically formed with the
data l'ine 8DL through the connection hole 7 which is forned in the 5
insulating film®6. The floating gate el éctrode 20N4 is an el ectrode for.
storihg the charge to contribute to the storage of infofmation. The

control gate eseqicoNsUCtdR iSTECRATES!EDREUTPIDEPIEE CAND N"BRSEPESJe and
di scharge of ther1MANUFARGTURING ¢RRtsAflEte to the information storage.
Both the floating gate el ectrode 20N4 and the control. gate

ABSTRACT OF THE DISCLOSUR_E
Over a well region formed over é semicondyctor
substrate body, there is formed of an epitaxial layer
which has a lower impurity concentration thén'that of
5 an impurity contained in the well region. MOS:FETs
are mounted on the epitaxial layer.
A field insulating film is extended in a depth-
wise direction to contact #with the well region. The
MOS: FET have their source/drain regidns formed in the
10. epitaxial layer to form a punch-through stopper layer

between the sources and drains.
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The present appllcatlon relates to U.S. Ser1a1

’

No. 08/508,483

on July 28, 199S.

TITLE OF THE INVENTION'

as filed before u. S Patent Offlce

Semiconductor Integrated Circuit Device and

Process for Manufacturing the Same

10

BACKGROUND OF THE INVENTION

‘The present'invention'relates to a Semiconductor

1ntegrated circuit device and a technlque for

manufacturlng the same.

15

More particularly,

the

present lnvention relates to a semiconductor

integrated circuit-device having an epitaxial layer

formed over the surface of a semiconductor substrate

body and a technique effective if applied to a

procesSor for manufacturing the same.

20

There has_been_progressed a technique for

.manufacturi'n'g' a semioond\ictor' integrated circuit

device in which ‘an epitaxlal layer (a semiconductor

single crystal layer) is formed over a mirror—flnlshed

semiconductor substrate,body and is formed with a

25

predetermined semiconductor integrated circuit

" This. is the repiacement eheet.
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71 Since the inpurity concentrations of the epitaxial |ayers 2E5 and 2E6 in
the menory cell array Mare set equal to or higher than those of the wells
3a and 3b, it is possible to increase the junction 5 . capacity in the

“epi taxial layers 2E5.and 2E6. (Enbodiment 8) Fig. 18 is a section show ng
an essential-portion of a sem conductor integrated CIrCUIt devi ce according
to a further enbodi nent of the present invention, and 10  Figs. 19 to 23
are sections showi ng an essenti al ' : - -

:element..
This: 1s because the fozmation of the epitaxial
) layer prov1des the excellent effects' the soft-error
reSistance ‘and the latch-up resistance are improved,
_5.. and the-gate insulating film to be,formed over the
epitaxial layer can haye its breakdown characteriStics
improyed to reduce its defect density draStically.
| The semiconductor integrated circuit deyice
having such epitaxial'layer.is disclosed, for ekample,
10 on pp. 761 to 763 of'“Applied Physics, Vol. 60, E‘_.dit._
8" of.Association of:Applied.Physics,'iSsued on August
_10,_1991. |
This publication describes a semiconductor
integrated circuit device constructed such that there
.15_ is formed over a p'(or n')- type semiconductor substrate
a p(or n)-type epitaxial 1ayer which contains a p(or
n)-type impurity in a lower concentration than that of
the p(or n)-type’ impurity of the semiconductor
substrate and which is formed therein with a
20 semiconductor region called the well and equipped
hthereon with a MOs: FET (Metal Oxide- Semiconductor
Field Effect Transistor) or the 1ike.
Incidentally, the well of this case is formed by
the impurity_diffusion from_the'surface of the

25 . epitaxial layer so that its'impurity concentration has

This is thap-re?laqnm'ohtjsho_eg:



portion of the sem conductor integrated circuit device of Fig. 18 at

manuf acture steps. In the present enbodi nent 8, the elenent isolating
portion has a channel structure, as shown in 15 Fig. 18. The remaini ng
construction is simlar to that of the foregoing enbodi nent 1. An el enent
isolating portion 21 is formed by burying imsulating films 21b and 21c |n a B
channel 2la which is forned to reach the wells 3a and 3b of the 20

sem conduct or substrate 2. The insulating film21lb, as forned on the
surface of the channel 2la, is nade of [err], for exanple, by the therna

OX'dat'On'“ﬂ*“Hléﬁ ffshfféée aﬁhelbwéylfhtagnéllalééblﬂaélanéh'Ck“ess of -
about 1,000 angst -

Another publication is exemplified by Japanese
-Patent Laid-Open No. 260832/1989 disclosing a
- construction which is made such that a p-type
5 epitaxial.layer is formed over a p-type semiconductor
substrate and’such that a well is formed to extend
from the surface of the epitax1al layer to the upper
portion of the semiconductor substrate.
This publication further discloses a process for
_lO forming the well by. introducing a well forming
-impurity into the semiconductor substrate body and
subsequently by growing the epitaxial layer over the
semiconductor substrate body while diffusing the well
: forming impurity in the upper portion of the
15'_.semiconductor substrate ‘body.
Incidentally, the impurity concentration of this
. case is distributed to form a mountainous curve having
its peak in the.boundary between the epitaxial layer
and the semiconductor substrate body, that is, the
'20 impurity concentration is low at the surface side of
the epitaxial_layer, high in the boundary between_the
| epitaxialllayeryand the“semiconductor\substrate.body,

and low in the semiconductor substrate body.

25 = SUMMARY OF THE INVENTION

This is the repladement sheet
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25 . The reason why this insulating film2lb is formed 72 by the
thermal oxidation nmethod is as follows. Specifically, the surface of the
channel 21a is a portion to cone i'nto direct contact with the sem conductor
.SUbstrate body 2S and the junction of 5 tde wells 3a and 3b and exerts

- serious influences upon the elenment characteristics. In order to prot ect .
‘‘that portion, therefore, the insulating film2lb is formed by the thermm
'0X|dat|on met hod for prOV|d|ng an excellent filmaquality.

However, we have found out.that the technique
_described above has the follow1ng problems.
| A first problem is that the element is liable to
“have characteristic_fluctuations. Since the element
5 is formed in the'well, accordingbto the aforementioned
- technique, the impurity.in the-well.will fluctuate the
. element characteristics such as the threshold voltage
or the substrate effect.
: A second problem is that the well has to set its
_10i 'impurity concentration severely_strictly for |
| suppressing its_cnaracteristic fluctuations so that
itslformation is difficult to control.
A third problem is that it is difficult to design
the circuit of.the'semiconductOr integrated-circuit |
15 device;' Specifically, since'the element isiformed in
the well, according to that_technique, the
fluctuations of the threshold.voltage and tbe
:substrate effect_constant are increased in the_f
~ MOS: FET, for example,'to makefitldifficult to design
20  the circuit of_the:semiconductor'integrated_circuit
device. | . | o -
_A'fourth'problembis an obstruction to the
improvement in'the_hign;speed:action of the
semiconductor integrated circuit device. :

‘25 -Specifically,_the junction capacity in the wiring line
“This is the replacement sheet
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10 . - . On the other hand, the other insulating film2lc in the channel
2la is made of [err] for exanple, by the SOG (Spin On G ass) nethod or the
like. Incidentally, the method of formng the insulating film 21c should
not be limted to the SOG nethod but. may bq315 exenplified by the CVD
‘met hod. Next, the process for manufacturing-the sem conductor integrated
~circuit device of the present enbodinment 8 will be described with reference
"to Figs. 18 to 23. 20 . First of all, as shown in Fig. 19, the
-epitaxial layer 2E of the sem conductor substrate 2 is fornmed thereover
with a photoresist pattern 13b for exposing the elenent isolating region by
t he photolitho@ﬁéﬁﬁ? diffusion layer or the drain portion of the S
' MOS: FET increases to a load capacity. |
e .This problem grbws'the more serious for_the'finer
_stru¢ture of the eiement._ Specifically, if the device
5 has itsfphysicéi siie reduced according to a constant
coéffiéient.K_(K < 1), the impuritYJCOncéntration in
the channel will rise K times to invite a reduction in
the carrier mobility due to the impurity scattering
"éqdfan increase in the junctibn capacitylﬁer_unit area
16 of the.semiconductbr region for'the sburce/drain over
the,semiconduCtor substrate. _
A.fifth_probiem is that a thermal treatment at a
" high témperature.and for a long time period is
'required for forming the well. Specifically, in order
15 - to raise the:breakdown vbltage (or punch-thrqugh
voltége) against the_current to flqw from the drain of
the MOS:FET to the semiconductor substrate, for
‘example, it is necessary to increase the impurity
concentration’of the well or to deepen the well. What
20 'is adopfed.is.to deepen the_weil bédause the impurity
concentration of the well cannof be made so high from
the standpoint_of:the'aforémentiqned element
characteristics. Thus, the thermal treatment at a
high-temperature_and for_allong_time'is required for

25 forming the well.
This is the replacement sheet
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techni-que. At this stage, no inpurity is contained in 25 the epitaxi al

|l ayer 2E. MNbreover, the sem conductor . 73 'substrate body 2Sis forned
thereover with the wells 3a and 3b. Subsequently, 'this phot oresi st pattern
13b i.s used as ‘the etching nask to etch off. the epitaxial 5 | ayer 2E and

the upper portions of the seniconductor substrate body 2S, as .exposed from
“the photoresist pattern 13b,. by the dry-etching nethod for exanple, . -
thereby to forn1the channel 21a in the elenent

'An'object_of the present invention is to provide_
a technique capable of improving the setting accuracy _
of elenent characteristics; -

| An object_of the:present invention is to provide :'
5 a technique capable-ofzfacilitating'the control of |
well formation._ |
- An objeCt of the present invention is to provide
a techniquelcapable of facilitating the circuit design
of the semiconductor integrated circuit device. |
10 : An object of the present invention is to provide
a technique capable_of improving the actionispeed of
the semiconductor integrated circuitfdevice.
- An object of the present invention 1s to prov1de
a technique capable of shortening the time period for
15 .forming the well. .

An object of the present invention is to- prov1de
a'technique.capable of forming an epitaxial_layer
having an excellent crystallizabilitv.

An objeot of the present invention is “to prov1de

20 a technique capable of improving the setting accuracy
pof the impurity concentration in the epitaxial 1ayer_

The foregoing_and_other'objectSiand tne novel
features of the present invention.will become apparent

" from' the folloﬁing:description £6 be made witn

25 reference to,theiaccompanying drawings.
~ This is the replis‘commt' shest -
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i sol ating region, as shown in Fig. 20. 10 After this, the
sem conductor substrate 2 is subjected to the thermal oxidation treatnent,

for exanple, to formthe insulating film 21b of [err] having a thickness of

about 1, 000 angstrons over-the principal phane of the sem conduct or
substrate 2 15 formed with the channel  2Ta, as shown in Fig. 21. After
this, the insulating film2lc made of [err] for exanple, is deposited on

t he rnsulatrng film21b by the SOG nethod or the like, as shown in Fig. 22.
After this, the insulating film2lc has its upper 20 portion so renoved

to flatten t he ‘uppe u e of 1he. sentcond s_shown in
Filg. 23, by the etc# agﬁ%%%ﬁﬁﬁfJ# entcé$§ '@%anr oab _

disclosed herein will be briefly summarized in the
follow1ng. |
Specificaliy, according to thelpresent inuention,
5  there is provioed_a semiconductor'integrated circuit
device which is cnaracterizeai in that a first region
- containing atfirst'impurity of a_predetermined
conduction'type'for forming:a_PN junotion is formed
over the principal_plane of.a semiconductor substrate
10 | bodf; in that an epitaxial layer containing an
impurity. in allower concentration than that of first
region is formed.over the semiconductor substrate
‘body; and in tnat'anielement isolating portion is-
formed in the epitaxial iayer.within'an eiement
15 ..isolating region over the semioonductor substrate -
having the bottom portion at whichlthe PN-junction
terminates. ' |
In the semiconductor integrated circuit device of
the present invention, moreover, the element isolating
20 portion is formed by a channel extending to the upper
- portion of the semiconductor substrate body.
| In the semiconductor integrated circuit device of
the present invention moreover, an insulating film is_
formed on the surface of the channel by a thermal-

25 oxidation methdi
Thig is the replacement sheet
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Poiishihg) method that it may be left only in the channel 21la.
I ncidental |y, the subsequent steps wili 25 not be described because they
are simlar to those of 74 the foregoing enbodi nent 1. Thus, according
to the present enbodi nent 8, the follomnnggeffects can be achLeved'in.
‘addition to those obtained in the foregoimg enbodinment 1. 5 (1) -- Thanks.
to the channel structure, the elenment isolating portion 21 can be eaS|Iy
formed even if the epitaxpal Iayer 2E i's thlck '
In the semiconductor integrated circuit device of
the present 1nvention, moreover, a MIS (Metal
Insulator Semiconductor) FET is formed in the
epitaxial layer, and.an eighth region for a punch-
'5  through stopper, which is doped with an impurity
R having the same conduction type as that of the
~ impurity of the epitaxial layer and a higher: 1mpurity
concentration than that of the same impurity, is
formed at a predeterminedldepth position_in the
10 epitaxial layer. |
In the semiconductor integrated circuit device of
the present inyention, moreover, of:the.epitaxiall.'
iayer,:the_epitanial layer in an element forming
region for an eiectrostatic protection circuit to be
15 attached to an'input circuit constituting an
| semiconductor integrated circuit and a power circuit
has its impurity concentration.set.equal to or higher
than that of the first region. |
" In the semiconductor integrated circuit deVice of
- 20 the present invention moreover of the epitaxial
1ayer the epitaxial layer in a memory cell forming
.region has its impurity concentration set higher than
that of the epitaxial layer.in an element forming |

region,for an internal circuit.

25 - In the semiconductor integrated circuit device of

This is the replaoomont sheet
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(2) Thanks to the channel structure, the elenent isolat
be formed without enlarging 10 its occupation area so
integration of -.the elenments can be inproved. (3) Thanks
~structure of the element.isolating portiongl, the chip
- smal l'er for the sane nunber of elenents than-that of 15
" the el ement isolating portion i's formed of .a field insul
'Si nce the channel 21la forming the el enent isolating. port
‘its surface with the insulating film21lb by the thernal

ing portion 21 can
that the degree of
to t'he channel
size can be nade
t he. case in which
ating film- (4)
ion 21 is formed on
oxi dati on mnet hod,

20 1y e Pt kgl b BUEhe2En Bk ins BREovEES: deerteWpitakihor Substrate

body 2S and theJ

1ayer, the epitax1al layer in a memory cell forming

”_region has its impurity concentration set,

below the

semiconduCtor region other than that'to be connected

5. with a data line, to a value higher: than that of the

epitaxial layer in the element forming region for an

internal circuit.

On the other hand a process for manufacturing a

semiconductor integrated circuit device according to

10 the present invention, comprises the following steps

(a) to (e):

" (a) the step'of'doping a_semiconductor substrate body

with the first'impurity before the epitaxial layer is

formed,.

15 (b) the step of. doping the semiconductor

substrate

body with the second impurity before the epitaxial

- layer is formed.

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

principal plane of the semiconductor substrate bodyl

20 doped with the'first impurity and_the_second'impurity}

(d) the step of a'cap film over”the surface of the

epitaxial layer, and

(e) the step of forming the first region

and the

~ second region by_subJecting the semiconductor

25 substrate body'formed withythe.cap'film to a thermall'

This
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the adjoining wells 3a and 3b can be satisfactorily protected to | mprove
the reliability and production yield of the sem conductor. i nt egrat ed
circuit device 25 1. 75 (5) Thanks to the channel structure of the
el ement  isol ating portion 21, the flatnessypf the upper surface of the
seni conduct or substrate 2 can be drastical+y inproved to i nprove the
‘transfer accuracy 5  of the W ring pattern t hereover and the MArlng
rellablllty As - a result, it is p055|ble to |nprove

diffusion treatment.
Moreover a process for manufacturing a
.semiconductor integrated circuit device according to
'the present invention, comprises_the following steps
5 (a') to (£1): o |
(a') the step of doping a semiconductor substrate
body with ‘the first impurity before the epitaxial
layer is formed; _l
.(b’) the step of doping the semiconductor substrate |
'iO body w1th the second 1mpurity before the epitaxial
dlayer is formed, : _
(c') the step'of subjecting the semiCOnductor
substrate.body:tofa thermal treatment for.recovering'a
damage after the steps of introducing the first |
15 impurity andﬁthe second'impurity'and before the step
of forming the epitaxial layer:;
(a4’ ) the step of forming the epitaxial layer over the
principal_plane of the semiconductor substrate_body _
thermally treated for the damage recovery; . -
20 (e') the step of forming a cap £i1m over the surface
of the epitaxial layer; and |
_(f') the step of forming the first region and the
second region by subJecting the ‘'semiconductor
.substrate body formed w1th the epitaxial layer to a

;25 thermal diffusion treatment.

This is the r_,eplaoomont_ sheet
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the reliability and the production yield of the sem conductor integrated
ci.rcuit device 1. (Enbodinent 9) 10 .~ Fig. 24 is a section show ng an
~essential portion of a senmiconductor integrated circuit device according to
a further enbodiment of the present inventign. In the present enbodi ment 9,
as shown in Fig. 24, the elenent .jsolating=portion 21 is formed of a field
15- '|nsulat|ng fllnl(or second oxi‘de filn), and two semi conductor regions
21e and 21f of different conduction types formed bel ow the field |nsulat|ng
film2ld and adjacent to each other. The remaining construction is simlar,

to that of the foreﬂebBQdigg t@ﬂtﬂa'EEMicbnductor integrated circuit

device of the present invention described above, the
gate insulating film of the MOS*: FET is formed over the
epitaxial 1ayer of a.semicondUGtor single'crystalline'

5 layer so that it'can.have an.excellent £ilm quality to
_improve its breakdown.voltage;' At'the same time, the i
lightly doped epitaxial layer as formed over the
heavily doped first and second regions, is formed with
the predetermined elements. As a result the elements

10 can have their characteristics set accurately without
being influenced by the impurities in the first
region, the second region and.the semiconductor
substrate body so that the setting accuracy of the
element characteristics can be improved.

15 According to the semiconductor integrated circuit

| ‘device of the present invention moreover, the

predetermined elements (e g.., MOS FETs) are formed in
the 1ightly doped epitaxial layer so that the
breakdown voltage of the gate insulating film can be

20 improved and so that the junction capacity of the
semiconductor regions forming the predetermined
'elements can be reduced. ,Thus, it is possible to
improve.the action speed'of:thetsemiconductor
integratedhcircuit:device.

25 According'to_the semiconductor integrated circuit

" This is fhe r'éplacomnnt sheet
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These sem conduct or

regions. 2le and 21f are exfended fromthe |ower face of

the field insulating film21d to the upper-portions of the wells 3a and 3b.
-The semi conduct or
doped with an inpurity of .the same - 76 cpnduction type as that of the
inmpurity contained in the well- 3a such as @n n-type inpurity of phosphor.

On t he ot her

hand, .

region (or third region) 2le 25 over the well 3a is

t he semi conductor region (or fourth region) 21f over the

well 3b is doped mnth an 5 inpurity. of . the same conductlon type as that

of t he

10

15

20

25

device'of the present 1nvention, moreover, the 1ight1y

doped epitaxialflayer,_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'ooncentrations set substantially

independently of the characteristics of the.

predetermined elements._'

According to. the semiconductor integrated c1rcuit

device of the present 1nvention, 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 £ilm can be improved,

and the first region and the second region can have

their impurity concentrations_set suhstantially

independently of the characteristics of the

predetermined'elements. Thus, it is possible to

facilitate the oontrol of forming the first region and

the second region.

According to the semiconductor integrated CerUlt.

device-of the present invention, moreover, the element

isolating portion is formed into the channel shape.

As a result even if the epitaxial layer is

" This is the rsplwtmbnt wheet
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inpurity contained in the well "3b such as a p-type inpurity of boron. Such
el enent isolating portion 21 is forned by the followi ng manner. First of
all-, .the regions for 10 i ndividually.form ng the sem conductor regions
21e and 21f are doped with individual inpykities for the el ement .isolations
by using the-(not-shomn)'different'photoresist'patterns as the masks. '
Subsequently, the sem conductor substrate 2 is 15 fornmed thereover with
‘the(not-shown) pad filmof [err], for" exanpl e, by the thermal oxidation
net hod or the like, and this pad filmis forned thereover with the

_(not shomn) Ofééﬁ% era§f§stﬁicklniglat %entlggolakghslpor%£c$¥anple'

capable of isolating the epitamiai layer individually
for the element forming regions can_he'formed without
'gincreasing'the area occnpied by the element_isoiating.
5 portion. | | R
| According to the semiconductor integrated 01rcuit
device of the present invention moreover, the_
1nsulating film is formed by the thermal ox1dation
method on the surface of. the channel for the element
10 isolating portion._ As a result, it is poss1bie to
satisfactorily protect the-epitaxial layer in the
- channel, the semiconduCtor suhstrate bodv, and the
_Junction portion of the first and second region.
According to the semiconductor integrated circuit
i5 device of_the present invention, moreover, it is
pbssible to.improve the.breakdown”voltage of.the gate
insulating film and the carrier mobility. Moreover;
the epitaxial_iayer, as equipped with_the MIS: FETs, is
formed at a'predetermined depth'with the eighth_region
20 for the punch4through stopper. ‘As a result, it is
poss1ble to prevent the punch-through phenomenon
between the sources and drains of the MIS-FETs. On
the other hand; the depletion layer depthwise
~extending from the source/drain can have its extension

25 suppreSsed in the first region or the second region to

| Thié is: thé reﬂliolm.ﬁt .h-et
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20 ~After this, of the pad filmand the oxidation- resistant
insulating film the portions of the element isolating regions are renoved
by the dry-etching nethod or the |ike to expose the epitaxial layer 2E
After this, the semconductor substrate 2,js subjected 25 to the LOCOS
-.oxi di zing treatnent to formthe field ## insulating film21d and the two
* seniconductor regions 21e and 21f below the forner. Thus, according to the

-pLesent enbodi nent. 9, the follomnng effects can be . achleved in addition to
-the S

prevent the punch—through between the_source and the

drain. | _ | | |
According to the semiconductor integrated circuit

dev1ce of the present invention, moreover, the _

5 .epitaxial layer'in the element-forming region for the
electrostatic protection circuit attached'to the input
circuit and the power supply has its 1mpurity |
concentration set equal to or higher than that of the
first region. As a result, it is possible to

10 eliminate the deviation of the minority.carriers of
the base region at the operating. time of the'bipolar
transiStors for the electrostatic.protection_circuit
and to prevent any local current-concentration in that
_epitaxial layer. As a result “the current can be |

'_15 'uniformly established in the collector/base junctions
of the bipolar transistors thereby to prevent the
,reduction of the electrostatic breakdown voltage of
-the electrostatic protection circuit.
According to the semiconductor 1ntegrated circuit

20 device of the present invention, moreover, of the
'epitaxial layer, the epitaxial'layer in the region_'
forming the_memorv cells has its impurity
concentration set to.a value higher'than that of the
'epitaxial layer in the element forming region for the

25 ‘internal circuit. As a result it is possible to

This is the repiacement sheet
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5 effects (1) to (11) and (16) to (24), as obtained by the foregoing
enmbodi ment 1. Specifically, the elenent isolating portion 21 is forned of
the field insulating film 21d and the two semiconductor regions 2le and 21f
-of ‘different 10 . conduction types farned; eIOM/the field insulating film

21d and adjacent to each other. As a rest¥t, the el enent

I sol ati ng portlon

21 can be easily formed even if the epltaX|aI | ayer - 2E i s thick.
~(Enbodi nent 10) 15 Fig. 25 is a section showi ng an essential portion
of a sem conduct or |ntegrated circui't device according to a further '

enbodi )
enbodi ment of the presefle! PSOLLSH: chBablEyPogoeRt SPRdLTRR! 110,28 Shown
in Fig.

and to form the barrier layer for preventing the

:carriers, which are produced due to the electron hole

pairs by the alpha ray, from invading the information

5 holding portion. As a result, it is possible to

prevent the drop of the memory holding characteristics

of the semiconductor'integrated circuit device having

the memory cells.

'_According to the semiconductor integrated:circuit

10 device of the present invention, moreover, of_the

epitaxialllayer,'the epitaxial_layer in the memory

cell forming region has its impurity'concentration

set, only below the semiconductor region other than

that to be connected with the data lines, to a value |

15 higher than that of the epitaxial layer in the element

‘forming region for the internal circuit. As a result,

it is possible to prevent the drop of the memory

holding Characteristics'Without increasing the load

capacity of the data line.

.20 According to the semiconductor integrated cichiti

device of the present invention, moreover,

the thermal

treatment is done for recovering.the damage after the

1mpurity 1ntroducing step, followed by forming the

.epitaxial 1ayer, so that the crystal defect of the

25 | semiconductor substrate body surface layer can be

This is the replacement ohiOt
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25, the elenent isolating portion 21 is fornmed of two 20 sem conductor .
regions of different conduction types arranged adjacent to each other.
These_tmo sem conduct or - regi ons 21g and 21h are extended to reach- from t he
principal plane of the epitaxial |ayer 2E {¢ the upper portions of the
wells 25 - 3a and 3b. 78 The sem conductor region. (or fifth region) 21g
over the well 3a is doped wth an |npur|ty of the sane conductlon type as .
t hat of the: |npur|ty cont ai ned |n : : :

reduced to recover thetdamage;. As a result, it is
possible to:form the_epitaxial IaYer'having an
.excellent.crystailirability. | |
According. to the semiconductor integrated circuit-
5 deVice.of'the-present'inVention, prior to the thermal
diffusion treating step for forming the first ‘region
and the second region, the cap film is formed over the
' epitaxial 1ayer so that ‘the first impurity and the
:second impurity'can_be suppressed from diffusing into_
10  the diffusion furnace"during the diffusion ‘treating
step while preventing the epitaxial layer from being
' doped with the impurities having diffused. Thus, it
is poss1b1e to. improve the accuracy of setting the

impurity concentration in the epitaxial layer.

15
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. lis a section show1ng an essential portion
of.a~semic0nductor integrated circuit device according
to one embodiment of the present invention,
ZO | Fig. 2 is a circuit diagram showing an example of

_application of the semiconductor integrated circuit
device of Fig._I;I_: | |
| Fig. 3 is a section showing an essential portion
'oftthe semiconductor integrated circuit device of Fig.
25 1 at a.manufacture step:: .
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the well 3a,

such as an n-type inpurity of phosphor. 5 On t he- ot her hand[

the sem conductor region (or sixth region) 21h over the well 3b is coped

with an inp
cont ai ned i

urity of-the same conduction type as that of the inpurity-
n the well 3b, such. as a p-typeignpurity of. boron. 10

Such el enent isolating portion 21 may be forned, for exanple, by dopi ng the.

regions for

I ndividually form-ng the sen1conductor regions 21g and. 21h with

the individual elenment isolating inpurities by the (not- shown) separate

phot or esi st
thermal | y.

patterns and then by 15 treating the sem conductor substrate 2
In the pFegen# dsh @ issertti oh) shunriey @n dsseramalamcﬁticayer 2E .

has its- upper surface coated with

10

15

20

25

of the semiconductor integrated circuit device of Fig
1 at a manufacture step subsequent to that of Fig. 3;
Fig. 5 is a secticn showing an'essential_portion
_of the semiconductcr'integrated cirCuit device of Fié.
1l at a manufacture step subsequent to that of Fig. 4;
Fig. 6 is a section showing an essential portion
of the semiconductor integrated’ circuit deVice of Fig.l
1 at a manufacture step subsequent to that of Fig. 5;
Fig. 7 is a,section showing_an essential portion
of the'Semiccnductcr,integrated:circuit device of fig.
1 at'a'manufacture step subsequent to that off?ig; 6;
.Fig. B-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. 7:
Fig. 9 is a section showing an essential portion
of the semiconductOr integrated circuit device of Fig
"1 at a manufacture step subsequent to that of Fig. 8;
Fig. 10 is a section showing an essential portion
'cf the semiconductor integrated_circuit device.of Fig.
1l at a'manufactUre step subsequent'to that of Fig. 9;
Fig. 11 is_a_section.shcuing an essential'porticn
of the semiccnductor integrated circuit_device of Fig.t
1l at a manufactura step subsequent_tc that of Fig. 10;

Fig. 12 is a section-shOWing an essential portion

This i the ragiacement shiset
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an insulating film22 which is formed by the thernal oxidation nethod or

‘the like. As aresult, it is 20 possible to protect the epi.taxial |ayer

and the junction of t he adj acent sem conductor regions 21g. and 21h. Thus,

according to the present enbodiment 10, thggfollowi ng effects can be

achieved in addition to the 25 -effects (1yto (11) and (16) to (24), as
79 the. fore90|ng enbodlnent 1. (1) -Since the el enent

i sol ati ng portlon 21 |s forned _ ' . :

obt ai.ned by

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 devzce according
another embodiment of the present invention,

. Fig. 13 is a_section showrng an essential portien"'

'a semiconductor integrated circuit device according

still another embodiment oflthe present inventien;

- Fig. 14 ie a séctiqn-shoWing an essential.portion
a eemiconduCter integrated.circuit,deviee according
a further_embodiment of the present invention;

Fig. 15 is a'section showing an essential portion
a semiconduétor integrated circuit devicelaecerding
a further embodiment-of.the present invention;

Fig. 16 is.e'seCtion showing an essential portion
a semiconductor integrated'circuit device according
a further embodiment of tne present invention;

Fig. 17 ie a sectiOn ehewing an essential portion
a semiconductor integrated circuit device according.
a further embodiment of the present invention, |

Fig. 18 is a section showing an essential portien
a seniconductorlintegrated circuit device according
a further embodinent 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 Seetion showing an essential pOrtion

the semicondﬁctor'integrated'circuit device of Fig.

2E
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of the sem conductor regions 21g and 21h, the flatness of the upper surface
of the semi conductor substrate 2 5 can be drastically inproved to inprove
the transfer accuracy of the wiring pattern over t he sem conduct or
substrate 2 and accordingly the wiring reliapility. As a result, it is
possible to .inprove the reliability and prodoction yield of the

sem conduct or integrated 10. .circuit device. (2) Since the epitaxial |ayer
2E has its upper surface coated w th the insulating film22 which is’ forned
by the thermal oxidation nethod, the epitaxial |ayer 2E and the junction of

t he Sen1C0ndUClerateglma&uﬂéctd¥§]§ﬁﬁbIEUbgﬁﬁhdﬁtsﬁﬁIﬁﬁéﬁﬂdmlﬁﬂgprotected
to |nprove t he rellablllty and productlon yield of the
_ 19, . _
-Fig. 21 is a-sectiqn'showing an éssential'portion
" of the semicondudtor integratéd circﬁit.device of Fig.
5 18 at a manufactufe step subsequent fo that of Fig.
20; | -
- Fig. 22 is a sectionfshowihg an eSséntial portion
of the semicoﬁductor iﬁtegrated dircuit device of Fig.
18 at a manufactﬁrefstep_subséquent'td that of Fig. |
10 21; o
| Fig. 23 is a“SectiOn showing an essential portion
- of the semicondudfqr integrated circﬁit deviée of Fig.
18 at a manuf#gture sﬁep subsequent to that of Fig{ -
22; |
15 . : Fig;.24.is a section showiné an essentialﬁportion
| of a_Sémiconductd: integfateq circuit deVice'aéquding
to a furthér'ehbodiﬁeﬁt of-the_presént inventién;
Fig. 25 is a_sécfion showing an essential portion
of a semiconducto:-integrated Circuit device adcording
20 to a fﬁrther embbdimént of the p:eseﬁt inventicn:
Fig. 26 is a seciion'showing'an essential portion
- of the'semiCOnductor integrated circuit device of the
further'emquimeht.bf the present_inVention'at a
'maqufactﬁre étép;

25 o Fig._27_is a:sectibn'Showing an'essentiél portién
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sem conductor integrated circuit device. (Enbodinent 11) Figs. 26 to 29 are
sections showi ng an essential 20 - portion of a senmiconductor integrated
circuit device at manufacture steps according to a further enbodi nent of
the present invention. The present embodiment 11 is a nodification of the
wel | formng method, -as described in the fdaegoing 25  enbodinent 1 -and so
on. The process for nanufacturlng 80 t he sem conductor integrated
circuit deV|ce of the ' ' : .

of the semiconductor'integrated circuit device of the
'further embodiment of the present 1nvention at a _
'"manufacture step subsequent to that of Fig. 26, | |
Fig 28 is a section showing an essential'portion
5 '.of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture_step_subsequent to that of Fig. 27;

Fig.'29'is'a section-showing an essential portion

of'the semiconductor integrated.circuit_deuice of the
10 'further embodiment of the present invention at'a |
manufacture step subsequent to that of Fig. 28,

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

15 manufacture step; |
Fig. 31:is_a section showing an:essential portion
of-the semiconductor_integrated circuit device of the
further embodiment of the present invention at a
: manufacture.step subsequent to that'of'Fig. 30;
20 Fig} 32 is a section showing an essential portion
of the semiconductor integrated circuit device of the
~ further embodiment of thejpresent invention at'a_
manufacture step subsequent to that of Fig. 31;
Fig. 33 is ‘a section showing an essential portion'

25 of the semiconductor integrated c1rcuitldevice of the

| Th:s i$ the rop(mmbnt thuot
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present enbodinment .11 will be described wth reference to Figs. 26 to 29.
Fig. 26 is a section show ng an essential portion 5 of the sem conduct or
substrate 2 in the sem conductor integrated circuit device manufacturing
process of the present enbodinent 11. Overagt he sem conductor substrate
body 2S, there has al ready been formed the mon-doped epitaxial |ayer 2E by
the sanme nethod as 10 t hat of the fore90|ng enbodi nent 1. Over .the

epi taxial - l'ayer 2E, noreover, there is fornmed a photoresist pattern 13c for
exposing only one wel | fornlng region to the outside. This photoreS|st_

pattern 15¢ | segrvhBrachilctiif W MMbprodiid Arivekft 1o Bt o
manufacture step subsequent to that of Fig. 32-
Fig. 34 is a section show1ng an essential portion '
of the semiconductor integrated circuit device of the
5 further embodiment of the present invention,
Fig. 35 is a section showing an essential portion
of the semiconductor integrated circuit device of the |
further embodiment of the present invention at a
manufacture step_subsequent to'that'of Fig. 34; |
10  Fig. 36 is a section showing an essential portion
of the semiconductor integrated circuit device of the |
further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 35;
Fig. 37 1is a section showing an essential portion
15 of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step subsequent to that of'Fig; 36; .
| Fig. 38 is a_seCtion showing an.essential portion
-of the semiconductor.integrated circuit device of the
20  further embodiment of the present invention at a |
manufacture step subsequent to that. of Fig. 37;
Fig. 39 is a section showing an essential portion
of the semiconductor integrated circuit device of the
.further_embodiment.of'the present invention at a |

25 manufacture step subsequent:to that of Fig. 3s;
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First of all, this sem conductor substrate 2 is inplanted wwth ions of an-
n-type inmpurity of ‘phosphor, for exanple, by a high energy by using the
phot oresi st pattern.13c as the etching pattern. 20 : The ion
i nplanting energy at this time is as high gg to bring the n- type inpurity
ions to the upper portion of the sem conduetor substrate body 2S, such as
300 KeV to 800 KeV, preferably about 450 KeV. Moreover, the dosage at this
time is exenplified by 1 25 X [err] to 3'x [err]-ions/cnﬂ preferabLy 1.5
x [err] ions/ 81 .

' ' Fig. 40 is a section showing an essential portion

of the semiconductor integrated circuit device of the
further embodiment of the present invention at a
manufacture step subsequent to that of Fig. 39,
5 | Fig. 41 is a section showing an essentiai portion
of_a_semiconductor'integrated'circuit device according
- to a further embodiment'of the present invention:
'-Fig; 42 is a graph diagram piotting a depthwise
impurity concentration distribution of a semiconductor
10 substrate in the semiconductor integrated circuit
~ device of the present invention,
Fig. 43 is a'seCtion showing_an essentiai portion
~of a semiconductor integrated circuit device according
.to a-further emhodiment of the present invention;

15 , tFig; 44 is a section showing an essential portion.
Of.a semiconductor integrated circuit deVice'according
to a further embodiment of the present invention;'and

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

20 to a.further embodiment of the present invention.

'DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will be described in detail
in the following‘in connection with_its embodiments

25 with reference to the'accompanying drawings.
. o |
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'[err]_SubsequentIy, t he photoresist pattern 13c is reaned, and a
photoresist pattern 13d for exposing only the other well formng regionis
formed, as shown 5 in Fig. 27. After this, this photoresist pattern 13d
is used as the mask to inplant the sem conductor substrate 2 with-the ions
of ‘a p-type.inpurity . of boron, for exanpl e—~by a high energy. The ion
implanting energy at this tinme is as high 10" as to bring the p-type
i mpurity. ions to the upper portion of the sem conductor substrate body 2S, .
such as 150 KeV to 500 KeV, preferably about 200 KeV. Moreover, the dosage
r’iltSt;ll [Seﬁlr]me ‘.I S exca(rg)u!lgoféfr'c‘ieg _%)X-[err] to 3 x_.[err] |ons/cn2, -prefe.rabl y
| 'Fig. 1lis a-sectibn'showiﬁg an eSsential poffioh
of a sémiconductof integrated cirduit device aécording
| to one_embpdiment of thé present'inﬁegtion;'fig. 2 is
5 | a circﬁit diagram showing an éXampie'O£ application of
the'semiconduétor integrated circuif device 6f Fig._l;
and Figs. 3 to 11 are éectiqnélshowing an_essential_'
.porfion of thelsemiconductoi integrated qirguit déviqe
of Fig. 1 at individﬁal manufacture Steﬁs{ |
10 As shown in Fig; 1,:a semiconductor substratelz,
as constructing a semiconductor integrated circuit
device 1 df fhe present embodiment 1, is composed'of a
 semicondu¢tor substrate bddy 2s and an epitaxial iayer
(6r a single grysfalline-semicon@qéfor layer) 2E
15 formed over the sémiconductoi éubstraté body 2S.
This semiéonductqr sﬁbstratelbody 2s is made of a
p -type silicon (si) single cryétal having a specific
resistance of 10 Qcm and a thickness of about 500 pm,
for exampie., Specifical1y; the §emiconductor
__20 subsfrate body ZS.is homogeneoﬁsly'doped'with é p-tﬁpe |
impurity‘such'as boron (B) in a dosage of about 1 x |
10 to io”x 108 ato_mé/cmﬂ pfef__era_bly 1.3 x 10** |
' atbﬁs/cﬁ3. | - |
In fhé_upéer portion of the semiconductor

25 éubstraté body ZS,'theré'are_fqrmed-semiconductor
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~[err]. After this, the sem conductor substrate 2 is subjected to a
‘thermal treatnment to formthe wells 3a and 3b in the upper portion of the -
semi conduct or substrate body 2S and in the | ower portlon of the 20 .

' epltaX|aI | ayer 2E, as shown in Fig. 28. After this, the field |nsulat|ng
film4 is formed in the el enent. isol ati ng=+egion as in the f oregoi ng '
embodi ment 1 by the LOCOS oxidation nethod or the |ike, as shown in Fig:

29. The subsequent st eps mnll 25 ~not be descrlbed because they are
simlar to those of .

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 w1th
impurities of different conduction types to form a PN
5 Junction J. _ _ .

The well 3a is doped With an n-type impurity such
as_phosphor (P). On the other ‘hand, the well 3b is
-doped.with a p-type impurity such as boron.' These
wells 3a and 3b have an equal impurity concentration

- 10 as high as a surface concentration of about 1 x 107
atoms/cm, or more. Incidentally, this surface
concentratiOn may be higher_because no element is
formed therein. In short, ‘the well 3a provides an
n-well, and the well 3b provides a p-well. |

- 15 In the present embodiment 1, therefore, a punch-
through voltage,between the drain of a MOS‘FET and the
semiconductor substrate body 2S can be raised even if
the wells 3a and 3b are not so deep., Moreover, the
wells 3a and 3b:can have their impurity concentrations

20 set so high as to improve'the latch-up breakdown_
'voltage and the soft-error breakdown voltage.

Over the principal plane of the semiconductor
substrate body ZS there is formed the epitaxial 1ayer.
2E. Over this epitaxial layer 2E, an element forming

25 region, as enclosed by an element isolating insulating

This is the replacement sheet :
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82 the foregoing enbodi mrent 1. Thus, the present enbodi nent 11 can achieve

effects simlar to those of the fore90|ng enbodi nent 1. 5

(Enbodi ment 12) Figs. 30 to 33 are sections show ng an essentlal portion of -
a sem conductor .integrated circuit device ajs manufacture steps according to
a further enbodi nent of the present invention. 10 . The present

enbodi nent 12 is a nodification of the punch- through st opper formng

met hod, as described in the foregoing enbodinent 1 and so on. The process

for manufacturing the sem conduct or |ntegrated circuit '

fllm or fleld insulatlng film (or a flrst.oxlde fllm)
4, is formed with elements'lncludlng a p-channel MOS-

 FET (as will be called the pMOS) 5P and an n-channel
type MOS~FET_(aslwill be celled the nMOS) 5N. |

5 .The_epitaiial.layer 2Erislmade_of a single
crystaliine Si_having such a thickness, e.g., 0.3 pm
“to 3 pm as to retain the device_cheracterietics and
the reli'ability of the gate insulating film and as to
allow.the bottom'portion of the field insulating film

10 4 to contact with the upper portion of the_

semiconductor substrate body 2sS.

Of the epitaxlal layer 2E, an epitaxial_layer 2E1
over theIWell'Ba-is doped with an n-type'impurity such
ae-phoephor in_an'imporitj conoentration.of 1 x 10% to:

15 10 x 10“'atoms/cmﬁ, nreferably 1.3 x 10! atoms/cm’.

of the_epitaniel layer 2E, moreover, an epitaxial
layer 2E2 oﬁer the well 3b is_doped with'a'p-type
impuritf-spch as.borOn in an impurity concentration
eoual to that of the_epitaxial layer 2E1 of 1 x'iO“ to

20 10 x 10% atoms/cm®, preferablf'l.s x 10% atoms/cm’. .In
short, both_tne impurity concentrations of the |
epitaxiel”iayersizﬁl and ZEZ are set lower than those

| of their underlying wells 3a and 3b. |
Thus, in the present ‘embodiment 1, the heav11y

25 doped wells 3a and 3b are overlaln by the 11ght1y

Thwtstherﬂﬂhn‘m‘"tim"“

Dete: 1 m%

2 .



device of the present enbodiment 12 will be described 15 - wth reference
to Figs. 30 to 33. However, the present enbodi ment 12 can be applied to the
case, in which there is no well having the conduction type opposite to that
of the semi conductor substrate body, that 3¢, to the process for 20
nenufacturing the sem conduct or |ntegrated‘t|rCU|t devi ce havi-ng MOS FETs
of either an n-channel or p-channel type. Fig. 30 is a section shomﬁng an
essential portion of the sem conductofr substrate body 2S |n t he process 25
for manufacturing the semi conductor |ntegrated circuit

doped epitaxial layer ZE which is formed w1th the
pMos 5P and the nMOS 5N over its epitaxial layers 2E1
and 2E2 so that the following first to fifth effects.
can be achieved.
5 | ' Firstly, the fluctuation of the element
- characteristics can be suppressed to improve the set
accuracy of the element characteristics._ This is
because the pMOS 5P and the nMOS 5N'are.formed not
directly in the wells 3a and 3b but over the lightly
10 doped epitaxial layer 2E so that their characteristics
(e.g., the threshold'voltage or the substrate effect)
can_be_accurately set withoUt'being influenCed by the
impurities of the wells 3a and 3b and the
~ semiconductor substrate_body.zs.i o
15 | -Secondly, the action rates of the semiconductor'
integrated circuit device can be imprOved. This is
because the pMOS 5P and the nMOS 5N are formed over
the lightly doped epitaxial layer 2E S0 that the
junction capacity of the drain can be reduced to
20 improve the tailing characteristics of the pMOS 5P and
- the nMOS 5N accordingly Moreover, since the channel
| forming region is formed over the lightly doped |
epitaxial 1ayer 2E the 1nversion layer has its width
enlarged to reduce the ‘surface scattering so that the

25 carrier mobility can be enhanced.
* This is the replacement sheet
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83 device of the present enbodinent 12. Over the sem conductor substrate
body 2S, there has already been formed a non-doped epitaxial |ayer 2Ea by
t he same nethod as that of the.foregoing enbodinent 1. 5 First of
all, over the epitaxial |ayer 2Ea, as shown4in Fig. 31, there is grown an
_epitaxial | ayer 2Eb, as is nmde of single erystalline Si doped with a
p-type inmpurity of boron, by the CVD nethod (or epitaxial method). This
epitaxial layer. 2Eb is used 10 as the punch-through stopper. o
- Subsequently, over the epitaxial layer 2Ea, as shown in Fig. 32, there is
ontlnuously grown @Hirdly, the circuit design of the semiconductor

integrated circuit device can be facilitated. This is
because the substrate.effect can be lowered by forming
‘the pMOS 5P‘and the nMOS 5N are formed over the
5 lightly doped epitaxial layer 2E. |
_ Moreover, the wells 3a and 3b can havehtheir
impurity concentrations set substantiallyi
independently of those of the pMOS 5P'and the'nMOS 5N
so.that_the they can be set higher than.those'of_the
10 prior arti 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 1atch-up breakage.
Moreover, it is'pcssihie to'prevent the punch-through
15 of the MOS-FET. | | i |
Fourthly, the time period for a thermal treatment
to form the wells 3a and 3b can be shortened.' This is_
because the wells 3a and 3b can have their impurity
concentrations set to higher 1evels than those of the
‘20 prior art substantialiy independently of those of the
pMOS 5P and the nMOS 5N so that they can be made
shallower than those of the prior art.
Fifthly, the pMOS 5P and the nMOS SN can be
_ formed in the lightly doped epitaxial layer 2E so that

25 -.the junction breakdown voltage of the drain can be
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epi taxi al layer 2Ec which is made of non-doped single crystalline Si. 15
After this, |like the foregoing. enbodinent 1, the elenent isolating region
is.-formed with the field insulating film4, for exanple, by the LOCOS
.oxi dation nmethod, as shown i.n Fig. 33. - At 2ghe subsequent steps, a
predet erm ned seni conductor integrated cirecwit 20 device may be '_ _
manuf act ured according to the ordi nary. MOSFET manuf acture process. Thus,
according to the present enbodi nent .12, the follow ng effects can be
achieved in addition to those of t he foregoing enbodi nent 1. 25

.SpeC|f|caIIy iﬁﬁ%b@@@r'tﬁorahvgguctﬂa EE%EiEQrmobility can also be
'improved.
 _ The field-insulating £ilm 4, as formed in the
'element isblating region;.is madelof_a silicon oxide
5 film suchaas silicon oxide'(siog), and the PN junction
of the wells 3a and 3b terminates at the bottom of the
field insulating film 4. Here in the case of the
.present'embodiment 1, because of the high:impurity
concentrations of the_wells'3a_and"3b,,there is little f.
10 necessity for forming'the channel stopper for setting
a high threshold voltage against the paraSitic MOS* FET
helow the field insulating £ilm 4. In other words,
the field insulating £ilm 4 is extended,over the
'semiconductor substrate hody ZS more deeply than the
15 epitaxial layer 2E.

. . As a result, the step of introducing the impurity
for forming the channel stopper'can be eliminatedato
shorten the time'period'for manufacturing the |

| semiconductor integrated circuit device. Moreover,
20 the.parasitic capacity'due.to the channel Stopper can -
| be eliminated to improve the action speed of the
semiconductor integrated circuit device. Still
moreover, the drain breakdown voltage is regulated by
. the overlapping portion between the drain end portion

25 and the end portion of the channel stopper so that the
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84 form ng the punch- through st opper can be el i m nat ed by formng the
punch-t hrough stopper by the epitaxial gromh. As a result, the control
for the inmpurity introduction can be eliim.nated to facilitate the 5
manuf act ure - of the:sem conductor |ntegrated2§|rCU|t devi ce. (Enbodi nent 13)
Figs. 34 to 40 are sections showing an essemtial portion of a seniconductor
integrated circuit device 10 at manufacture steps accordlng to a further
enmbodi ment of the.present i nventi on. :

drain breakdown voltage can be raised.
The pMOS SP lS formed over the epitaxial layer
2E1. On the other hand the nMos 5N is formed over
_: the epitaxial layer 2E2. Moreover these pMOS 5P and
5 jnMOS SN form a CMOS circuit. |
.The pMOS 5P has the following'components: a pair.
of Semiconductor regions_(or seventh regions) 5P1 and
5P2_formed_in the-upper portion of'the epitaxial layer
2E and spaced from'each other; a punch-through stopper_-
10 lsemiconductor region (orleighth region) 5P3'formed
betmeen the paired semiconductor regions 5P1 andlSPZ;
a gate.insulating.film 5?4 formed over the epitaxial
layer Zﬁ; and a gate electrode 5P5 formed'over the .
gate insulating film 5P4 Incidentally, the punch- R
_15' through stopper semiconductor region may be
abbreviated to thelpunch-through stopper.
The semiconductor regions 5P1 and 5P2 are regions
" for forming the source/drain regions of the pMOS 5P
and are doped with a p-type impurity such as boron.
20 | The=1mpurity concentrations of the semiconductor
" regions 5P1 and 5P2 are about 0.5 x 10® to 5 x 10%°
atoms/cm3, preferably.i r 10%° atoms/cm3;
The semicOnductor regions 5P1 and 5P2 are given
such a thicknessjof'about 0.1 pm as'to come within'the_'

25 range of the thickness of the epitaxial layer'zE. In
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I'n connection with the present enbodi ment - 13, one exanple of the well
form ng method will be described with reference to Figs. 34 to. 40. 15
First of all, as shown in Fig. 34, the senlconductor substrate body..2S has
its prInCIpa| pl ane forned t her eover by t hesg hermal oxi dation nethod or the
like wth -an insulating filmof [err] or the~like, on which is deposited an-
insulating filmof [err] 20. or the li ke by the CVD nethod or the like.
Of -this insulating film noreover, the n-well forming region-is renoved by
t he photolithography technlque and the etching technique to formthe.

insul ating fil gg%gt tasks M Jolr% hé%%eéﬁé‘lmé&ilﬁm ﬁﬁmlc:g@uct or '25

substrate body i s 1déntical
concentrations are as deep as about 0.04 um to 0.07

“pm. : _ :
‘The punch-through'stopper 5P3 is a semicOhductor'
5 regioh_whioh'istformed:to improve the.punch-through.
| breakdown voltage between the semiconddctor regions
5P1 and 5P2, so that'the punch-through breakdowh
' voltage hetweeh the source and the drsin.can be
improved. SpeoifiCally,-since:the semiconductor
10 regions 5Pl and 5P2 are formed in the lightly doped
epitaxial 1ayer 2E1 the punch-through stopper 5P3 lS
effective to improve the punch-through breakdown
_voltage.
. The punch-through stopper 5P3 is doped with an
15 n-type impurity such as phosphor. The punch- through
'stopper 5P3 has an impurity concentration'higher than
that of_the epitaxial layer Zﬁi, aS'exemplified_by 5 x.
-10* to 1 x 101la atoms/cmﬂ'preferahly 2 x 10V atoms/ |
cmd. The depth of the ponch-through'stopper'SPé is'so.
20 set that the_peak_region of the impurity cohcehtration
| may be located-midwey of the depth of the semi- ‘
conductor.regions éPl and 5P2. On the other hand, the.
depletion layer to extend depthwise from the semi-'
conductor regions 5P1 and 5P2 can have its extension

25 sﬁppressed by the well 3a to improve the punch-through .
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85 foregoing enbodi nent 1. Subsequently, those insulating filmpatterns 1la
and 11b are used as the masks to inplant the principal plane of the
sem conduct or -substrate body 2S with the 5 ions of an n-type inpurity as
the n-well formng inmpurity. The acceleratipn vol tage at this tine is
exenplified by about 120 KeV, and the dosage-is exenplified by about 1 x
1013 ions/cn2. " Incidentally, reference characters 3al indicates the regio
which is 10 inplanted'mﬁth'the n-wel | - form ng inpurity.' o .
'breakdown.voitage'betweenlﬁhe source and the drain; |
The gate iﬁsuiating'film 5P4 is made of SiO, (or a
silicon oxiée film) having a thickheés of about 180
angstroms-aﬁd'formed over'fhe epitaxial layer ZE..-As
5 a result, fhe followiﬁg_first.and second effects can
be achievéd.  | | |
Firstly, 'f.;hé: ‘gate insui'ating £ilm 5P4 can have
its quality imgfqved to raiSé its breakdown vdltage.
| :Sgcondly, fhe gate insulating film 5P4 can also have
10 its &eféct density_(i.e.; the number of defects fo be
‘caused Withih a predefeimiﬁed range) improved (dr :
reduced)'by ohe-figure or more. Inbidenfally,'the
'gate'insulating;film 5P4 is formed.by therﬁaiiy
oxidizing the epitaxial layer'ZE, for examﬁle.
15 _lMorebvér; the'improvement in'the_breakdown vd;tage of
the gate insuiéting £film, as formed over the epitaxial
iayer,'and the afdremenfioned thickness of.the
_epita#ial layer are disclosed in U.S. Appiicétion
Serial No. | - , 8s épplied before U.S. Patent
20 officg on July_zs, 1995. ;Heré,'the'Cdntent of this
disclqsure is inserted'as'a réference td.the preseﬂt
invention,. | | |
The gateielgctrode 5P5 is made of a film of a
polyesilicon.sihglé layer having a-lbw resistance.

25 HoweVer, the gate eiecfrode 5?5 should not be limited
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After this, the portion, as exposed fromthe insulating filmpatterns 1lla

~and 11b, is formed with the insulating film12, as shown in Fig. 35, by

“thermal |y oxidizing the sem conductor substrate body 15 2S. Here, this

-~ thermal oxidation is done under such conditjons (e.g., tenperature or time
period)- that the well formng n-type inpur* y introduced into the '

sem conductor substrate body 2S may not diffuse. Subsequently, the

insulating filmpattern 11b is 20 - renoved, and the insulating filmi12 is" .

thgn used gsdthe mask to i-nplant the principal plane of the sem conductor -
.substrate body 2S with the ions _of the.p-well forming.,i Lity such.as the
e ome | oot 158 Hhe ol ok EpeRaRaRCe| BorRARTAEoR SHBYIR M bt ch 88 LRE

_could be modified in such various manners as to have a
structure in whigh'a_siliciQe £ilm of WSi, (or tungsten
' silicide) ovérlies-the low-resistance poly-silicoh
5 film. o o |
 0n the other hand, fhé.anS'SN has the foilowing
compdnénts:ha'pair'qf semiconductbr regions (or
seventh regions) 5N1Iand'SN2 formed in fhe uppef
portion of_the epitaxialilaYer ZE.énd spaced from each
10 -other; a puﬁch—thfoggh stoppei_semiconduct¢r region
(or éigh;h regibn) 5N3 formed:between.the péired'
sémiconductbr_regioﬁs 5N1 and 5N2j a.gate insﬁlating.
film 5N4 formed o#er the.epitaxial layer-ZE; and_a
gate.eiectrode 5N5 f6rméd_over the'gate insulating
15 £film 5NA4. Iﬁcidentally; the punch-through stoppér
Semicondquor region may be.abbreViaféd to the pupch-.
through stopper." -
-Thg semiconductor regions 5N1 aﬁd 5N2 are regions
for forming thé soﬁrce/drain regibns of the pMOS 5N
20 and arelddpéd with an{n-type impurify such'és phosphor
oi arseniq (As). The impurity coﬁcentraticns-oi thé
semiéonductor'regicnsl$Nl'and 5N2 are about 0.5 # 10%°
to 5 x 10% atoms/cm®, préferably'i'x 10%° atoms/cm’..
The sémicéﬁductqr regions 5N1 -and 5N2 are given

25 such”é thickhess_of about 0.1 pm as to come within the
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25 this:tine, the accel eration voltage is exenplified by' 86 about 60

-KeV, and the dosage is exenplified by about 8 x [err] .[err]. Incidentally,
reference characters 3bl indicates the region which is inplanted with the
~p-well forming inmpurity. 5 . . - Subsequepfly, the insulating filmpattern.

11a and the insulating film12 are renovedi—as shown in Fig. 37, and the
'sem conductor substrate body 2S i's then subjected to a thermal treatnent.
However, the t her mal . treatnent at thls time is intended prlnarlly

range of the thickness of the epitaxial layer 2E ‘15
.this case the regions having the maximum 1mpurity
'concentrations are as deep as about 0. 04 um to 0 07
pm; _ _
5 h: Thus, semiconductor regions 551 and 552 are

-h_formed in the lightly doped epitaxial layer 2E so that
'they can contact with the epitaxial layer ZE to reduce
the Junction capacity of the drain.

The punch-through stopper 5N3 is a semiconductor

10 region which is formed to improve the punch through
breakdown voltage between the semiconductor_regions.
5N1 and 5N2, so that the:punch-through_breakdown.
voltage_between thegsource and_the drain can'be
improyed While spppressing the extension of'the.

15 depletion 1ayer.ﬁ Specifically, since the
semiconductor regions SNl and SNz'are formed .in the
lightly doped epitaxial layer ZEZ the'punch-through
stopper 5N3 is effective to improve the punch-through

._breakdown voltage.
20 ‘The punch-through stopper 5N3 is doped with an
-nftype impurity such'as_phcsphor. The punchfthrough
- stopper'5N3 has anhimpurity concentration higher than
.that of the epitaxial layer 2E2 ‘as exemplified by 5 x
016 to 1 x 1018 atoms/tml, preferably 2 X 1017 atoms/

25 cm®. The depth.of the punch—through stopper 5N3 is so
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100 to recover the danage due to the inplantation of the i'ons of the well
formng inpurity.. Hence, this thermal treatnent is.so deep that the well

formng inpurity will not substantially diffuse, nanely, that the inpurity o

wi | I not 'appear in the surface portion. of 36 the sem conductor substrate
“body 2S. Considering this, the treating comditions are as follows, although
.they cannot 'be generally speC|f|ed because they are different dependlng
“upon the products or the like. That i-s: the treating tenperature is 20

- exenplified by [err] to [err]; the treating tine period.is exenplified by.

D T o, O b pEhd LA iR SESDHE Enparity ecathiceutiBh 11 o0
‘may be located midway of the depth of the semi- '
conductor regions SN1 and 5N2.. On the other hand the.'
depletion layer to extend depthwise from the semi-

5 - conductor regions_SNl and 5N2 can have its extension
suppressed bf the well_3b to improve the Punch—throngh
breakdown voltage between.the source and the drain,

The gate insulating film.5N4 is made of SiO0, (or a
 silicon oxide film) having a thickness of about 180 |
10 j'angstroms'and formed over'the epitaxial laYer 2E. As
. a result, the following first and second effects can |
be achieved. As a result there can be attained o
effects similar to those of the aforementioned pMOS
5?. Specifically¢ the gate insulating filmf5N4 can
'15" have its quality_improved to raise its breakdown |
voltage, and the gate insulating £ilm 5N4 can also
have its defect density improved by one figure or
more;- | _ _ _
The gate electrode SN5 is made of a film_of a
20 | poly-silicon single 1ayer'having allow resistance. |
" .However, the gate:electrode 5N5 should'not be limited
to the low&resistance polyfsilicon“single £ilm but
could be modified_in'such Varions'manners as to have a
structure in:wnioh a silicide £ilm of WSi, (or tungsten

25 silicide) overlies the low-resistanoe poly-silicon
- This is the replacement sheet
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As descri bed above, the sem conductor substrate 25 body 2S is subjected
to the thermal treatnment before 87 its principal plane is formed with
the epitaxial layer. As a result, the crystal defect in the surface |ayer
of the sem conductor substrate body 2S duezd o the ion inplantation of the
well formng inpurity can 5 be reduced t-e-recover the damage so that the
epi taxial |ayer of excellent crystallizability can be forned over the
princi pal plane of the sen1conductor Substrate body 2S.

,film.

On this semiconductor substrate 2, there is
' depos:.ted an insulating £ilm 6 which is made of Sio,,
for example. This 1nsulating film is formed in

-5'.'predetermined positions with connection holes 7 which
uexpose the semiconductor regions 5P1. and 5P2 of the .
'pMOS SP and the semiconductor regions 5N1 and 5N2 of .

the nMOS_SN_to the_outside,. |

'MoreoVer' the Semiconductor regions 5P1 and 5P2

10 of the pMOS 5P are electrically connected through the

| ”connection holes 7 with electrodes 8P1 and BPZ
- respectively. Moreover, the semiconductor regions 5N1
and 5N2 of the nMOS 5N are electrically connected
through the connection holes 7 with electrodes 8Nl and
15  8N2, respectively; Thelelectrodes'8P2 and 8N2 are
formed 1ntegrally with a first-layer wiring line BL.
'These electrodes 8P1 8P2 9N1 .and 8N2 and the first-
layer Wiring line 8L are formed of a metal film which
is made of an aluminum (AL)-Si- Copper (Cu) alloy, for
'26 example.

On the insulating film 6 there is deposited a.
surface protecting film 9 which is formed by |
'laminating a _SJ.O2 film (or silicon oxide film) and_a.

" silicon nitride'(Si3N4) film sequentially-in the |

25 recited order from the bottom so that the electrodes
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After this, the sem conductor substrate body 2S 10 I's subjected to the
CVD treatnent (or the epltaX|aI growth treatment) or the like at [err] to
[err] "by using the SiH4 gases and the [err] gases, for ‘exanple, to formthe
‘epitaxial |ayer 2E of the -non-doped single,crystalline Si, for exanple, - °
over the principal plane 15 of the sem cohductor substrate body 2S, as
shown in Fig. 38. Thus, -there is forned the sem conductor substrate 2 in_
whi.ch the epitaxial layer 2E is |amnated over -the sem conductor Substrate
body 2S. This-epitaxial |ayer - 2E is.given-a thickness of 20 about_0.3

St Poront Ghbd BRE. TRRRTARY Bircand Thecsloetiavel ptad L e s
8L are coated. Incidentally, this semiconductor ' "
substrate 2 is sealed With the not- shown package
resin. | |

5 ' Next, there is shown in Fig. 2 a circﬁit of the
‘case in_which the semicondﬁctor.integrated circuit
device.of the preseht emhodiment'l is applied to an
_analog circuit, for example. Fig.'z'shows a
differential amplifier 10 as the analog circuit.

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

o Input'elements'nMOSes S5Na and 5Nb have their
respective gate-electrodes electrically connected with
input terminals INl.and IN2. An nMOS 5Nc is an
15 element for a constant current circuit._ |

The pMOS 5Pa and nMQS 5Na:are connected'in series
between a smpply voltage VDD amd the.nMOS 5Na |
composing the_constant current'circuit.._Moreover, the |
nMOS'SPb and the nMOS 5Nb are conmected in series

20 between the supply voltage VbD and the nMoS 5Na

- composing.the constant’current circuit.. Incidentally,
the wiring line:for_cohnecting the pMOS 5Pb and the
nMOS 5Nb is_electrically_connected with an output
terminal OUT. | | | |

'25  The pMOSes S?a and 5Pb have their gate electrodesi
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| ower than that of the wells. Next, the sem conductor substrate 2 thus _
formed 25 is rinsed with an HF liquid or the like. After this, . 88 the
sem conductor ‘substrate 2 is subjected to a thermal oxidation treatnment,
-for exanple, to forma capping |nsulat|ng'@7ln|23 of [err], for exanple,
over the epitaxial layer 2E, as shown in FFrg. 39. 5 - . However, the
thermal oxidation at thi's time is done under such treating conditions that
the wel | forn1ng n- type as introduced into the'seniconductor
_ electrically connected with each other and With a
Wiring line for. connecting the pMOS 5Pa and the nMOS
S5Na electrically. | o |
Next,.a method of manufacturing'the SemiCOnductor
5 integrated circuit device_of tnedpresent embodiment 1
| mill be described with reference to Figs. 1 and_é to
.
'-First of all, the semiconductor'substrate body 2S
' made of a pétype silicon (Si) single crystalline wafer
10'_ having a-specific.resistance of 10 Qcm and a thickness'
of 500 pm, for'examble,'is prepared, as shown in Fig.
3. This'Semiconductor.substrate body 2S is doped with
.a p-typegimpuritj of boron in a dosage of 1 x 10 to
10 x 10“.atoms/cmﬁ,'preferably 1.3 x 10% atoms/cm®, for
- 15 example; o . o
Subsequently,'the semiconductor substrate body 2S
is formed on its principal plane with an insulating
film of Si0, by the thermal oxidation, and an
insulating film of Siﬁﬁ is then depos1ted on the
20 former insulating film by the CVD (Chemical Vapor
'Deposition)_method. Of those insulating films,
moreover, the n-uell_formingjregion'is removed by the
pnotolithography:and the etChing.technique to form
insulating film'patterns 1la and 11b. |

25 ' After this}'these'insulatinglfilm patterns lla
This is the replacement shest

Dete: 4 4PR B



substrate body 2S, wll not diffuse. |In this case, too, the treating
conditions are as follows, although 10 - they cannot be generally speC|f|ed
because they are: dlfference according to the design conditions.
Specifically, the treating. tenperature is ggenpl i f.i ed by [err] to [err], ;
and the treating time period is exenplified~by about 20 min. 15 - This
capping insulating: film23 is one for preventing the inpurities’ in the well
form ng doped regions 3al and 3bl and so on fromdiffusing at the -
|-at er-descri bed wel|. diffusion step fromthe sem conductor substrate 2 into

the diffusion Eﬁ!f¥¥53é¥e uééud&@etﬁéemsekéaéba&mﬁﬁaﬁe gﬁé(ﬁ§iﬁékbﬁi the
"aut o- doplng phenonenon o
: plane of the semiconductor substrate body 2S with ions__
.of an n-type 1mpurity such as phosphor. After_this, |
the semieonductor snbstrate'body ZS_is.thermally
5 'oxidieed to form the well 3a containing the n-type

iimpurity.over the semioonductor substrate body 28, as
shown in Fig. 4._ _ |

| Incidentally, at this treatment, the exposed

portion of the semiconductor substrate body 2S in the

lb n-well forming region.is'formed with-a thick o
| insulating film lz_of sio0,, for'example._

Next, aftertthe_insulating film patterns 1la and
'11b have been removed; the insulating £ilm 12_is.used'
as the mask to implant the'principal plane“of'the

15 = semiconductor substrate body 2S with the ions of a
p-typejimpnritf, for example;' By thermally treating
the semiconductor sdbstrate body 2S' moreover, the _
-well 3b (ox p-well) containing the p-type impurity is-
formed adjacent to the aforementioned well 3a over the

_20 semioonductor substrate body ZS.

-Here, the wells 3a and 3b can have their 1mpurity
:concentrations set to a level as high as 1 x 10%7
~atoms/cm® or more. In the present embodiment 1,
.moreover,.the punch-through breakdown voltage between |

.~ 25 the drain of the MOS'FET and the semioonductor '
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Thanks to the capping insulating film23, it is possible-to‘Suppress'the
di ffusion (as called the "out-diffusion phenonmenon") of the inpurities of
the 25 well form ng doped.regions 3al and 3bl at the well 89 diffusion
step and to prevent the epitaxiai_iayer-ZEgérpnibeihg doped by the
i'mpurities having diffused. As a result, t impurity concentration setting
accuracy of the epitaxial layer 2E can be inproved to 5 inprove the
setting accuracy of_the resistivity or the like i'n the epitaxial Iayer 2E
substfate bodszs_can be faised e§eh if.thé wells'3a
and 3b are nof,ﬁade:so degp; Since the wells 3a and
:3biqan have their‘impﬁrity_conéehtratidns set to the
. 'high level, if_is also possible to improve tﬁe
5 lafch-upiresiétance'and the éOfféerro: resistance.
| | Subséqﬁently, the semicbnduthr substréte body 28
'is'Subjected:to the CVD tréatmént.(or the epifaxial_
growth) atjabout 800'to.;,0b0°C by using ﬁonoSiléné
'(SiH4) gases apd hYdrogen (H;) gases, to.fqrm the
10 epita#iél iayer:ZE of the soféalléd inoh-doped“ sihgle
| crYstalliﬁe Si,'which'has a'thickness of about 0.3 fo
3.0 pm but confaihs'no'impurity, over the principal
plane of the-seﬁicbnductor substraﬁe body 2S, as shown
~in Fig. 6. Thus, there is formed the_sémiconductor
15 substrate 2 in which the epitaxial iaYerﬁ2E'is. |
1éminated'over.the semicbnductbr éubstrate body 2S.
After this, és.shown in Fig. 7; the semiconductor
subét:ate 2 is subjected to the LOCOS (Local Oxidation
of Silicon) oxidation to form the field insﬁlating
.20 film 4 in the element isoléting regidn._ Here.in'fhe
present embddimehf 1, the bottom pqrtion-of_the field
'insulating film 4 réachesithe upper portion of the 
| semicbnductor substrate body 2S. |
 In the present embodiment 1, however, the

25 impurity concentrations of the'wells 3a and 3b can be
| ThSisiherépMommontahtﬂ
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However, the nethod of formng the capping insulating film 23 should not be
limted to the thermal oxidation but can be nodified in various 10

nannérs such as the |ow pressure CVD nethod or the plasma CVD nethod. . In.
these cases, the treating tenperature can fg | ower than that of the case of"
‘the thermal oxidation. In.case the |-ow pressure CVD nmethod is used, for

_exanple, the treating tenperature 15 can be | owered to about [err] for
exanpl e. Subsequently, the sem conductor- substrate 2 is subj ected to the
thermal diffusion to formthe n-type well 3a-and the p-type well 3b, as

shown in Fi gged0 tdittHdlimi mexé@éldtéfmmehawvexemémsmell formng 20
: impurities are caused to diffuse into the epitaxial _
: satisfactorily so that the channel stopper need hardly
be_formedlbelow the field insulating £ilm 4.
- As a result,'the step of introducing the impurity
" 5 for forming the.channel stopper can be reduced.to
‘shorten the time,period for manufacturing the
'semiconductor'integrated circuit device. Moreover;
since the parasitic capacity to be caused by the
channel stopper .can be eliminated the action speed of
| ld the semiconductor-integrated-circuit-device can be
| improvedf_'Still moreoyer; although the drain:
breakdown voltage is-regulated by the_superposed
portions between.the drain end portioniand the end
portion of the.channellstopper; this channel stopper
15 can be eliminated to improve the drain breakdown |
-voltage;' | | |
Next, as_Shown'in'Fig. 8, a photoresist pattern
13a, as exposes the region of the well 3a, is used as
the mask to implant the epitaxial layer 2E1 over the
20 _well 3a with the ions of an n-type impurity such as'
phosphor. The dosage at this time is about 1 x 10%
ions/cm2 : Here, the photoreszst pattern 13a is formed
of a photoresist film.
Subsequently, the ph0t0r351st pattern 13a is

25 removed and the (not shown) photoresist pattern for
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Jayer 2E such that the Iightly doped epitaxial layer 2E having a thickness
of .about 0.3 pmis left in-the surface layer. Considering this, the
treating conditions cannot .25 be generally specified but as folloms
al though they =~ 90 .are different dependingyupon the product deS|gn|ng
condi tions such-as the thickness of the eprtaX|aI | ayer, the depth of the
wel I -di ffusion | ayer, the boundary of the_adlolnlng well and the length to
be 5 Ieftlmjth'the Iightly#doped regionil'Specjfically: t he
exposing the region of the Well_3h is then formed'ehd
used as the_meék to imglantlthe'epitekiel'1ayer 2E2
over the Well.3b with the ione of e'p—type iupurlty_
-such as'boroh._ The aoeege at'thie time is“abOut'lfx
5 . lcu.ions/cmzr “ | |
'After,this,.the SeﬁiCOnductor suhstrate ? is.
subjected to a'thermal treatment:to:set the impurity'
'concehtrations of the epitaxial laYers 2E1 and 2E2 to
preset values thereby to control the electric
10 'characteristics such as the threshold voltage Vth of
o the MOSfFET to be formed.in that" region. . |
' uHere,gthe'epitaxial'layers 2E1l and 2E2 are dobed
- all over'their.reglons:wlthxthe impurity.'_However,
the doping should not be liﬁited-thereto, but the
. 15 | impurity maglbe lntroduced into ouly'the ohennel_
. region of the MOS'FET. Moreover, this iupurity
introductionlmay'be done before the LOCOS oxidation |
for forming the field insulating £ilm 4.
' After the.semiconductor.substrate 2 has been
20 formed thereover uith the (not-shown) photoresist
pattern through'uhich_the_region of the epitaxial
layer 2E1 ie eupoeed; and thie photoresist pattern“is
used as the.mask.for'implanting the epitakial layer
ZEl with the 1ons of an n-type impurity such as f

. 25 phosphor through the (not-shown) through film. The'g'
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treating tenperature is exenplified by [err]; the treating.tinme period is
exenplified by about 1 hr. to 3 hrs.; and the treating atnosphere is
preferably exenplified by an at nesphere.of N2 gases. 10 After this,
the capping insulating film23is renmoved,gand the sen conductor integrated
circuit device is then manufactured at the—steps simlar to those of Fig. 7
and | ater of the foregoing enbodinent 1. 15 - Thus, according to the
present enbodinment 13, the following effects can be achieved in addition to -
t hose obtained by the foregoing enbodinents'l .and so on. (1) Prior to.the

step of forming the epjtaxial |ayer t he semni canduct or ubstrate bod 287
i s gubjected osage at this timb is about 1 x lognions/c:§ Y .

-Subsequently,_after_the photoresist_pattern'has :
been removed;_the (not-shown) photoresist pattern, |
through which'the region-of_the epitaxial layer ZEzfis
5 exposed' is formed'and useddas the mask to implant the _.
epitax1al 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 101 ions/cm?. .
After this, the semiconductor substrate 2 is
10 subjected to the. thermal treatment to_form the punch-:
through stoppers S?é-and'5N3_in the epitaxial 1ayer_
2E, as shoWn'in EigtJQ;,,These punchethroughustoppers
5P3 and 5N3 have their depths set to form.their
maximum peak portions in a position of a depth of bout
15 0.05 um from the principal plane of the epitaxial
| layer 2E. Here, the through film is formed_of a.
silicon oxide film, for example, by the thermal
oxidation or the CVD method. -
Next, after the aforementioned through films have
20 been removed, the epitaxial . layers 2E1 and 2E2 are
formed thereover with the gate insulating films 5P4
and 5N4 by the thermal oxidation or the like.
Subsequently, after a conductor film of low—
'resistance poly-5111con has been deposited on the.

25 semiconductor substrate 2 by the CVD method or the
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20 to the thermal treatment for recovering the damage of the

'sem conductor substrate body 2S due to the ion inplantation of the well
formng inpurities. As a result, the crystal defect of the surface Iayer
of the sem conductor substrate body 2S cangpe reduced to 25 recover the
damage so that .the epitaxial layer 2E 94—~havi ng -excel | ent
ccrystallizability can be formed. (2) Prior to the well diffusion treating

step, the capping insulating f|In123 is forned over t he epltaX|aI Iayer 2E
SO that the auto-diffusion : .

1ike, it is patterned by the photolithography or the
CvD method to form the gate electrodes 5P5 and 5N5
'over the gate insulating films 5P4 and 5N4, as shown
in Fig. 10
5 | _ After this, the paired semiconductor regions 5P1
.5P2 5N1 and 5N2 are formed in self alignment with the
gate electrodes 5P5 and 5N5 by doping impurities of
different conduction types into the epitaxial layers
‘ 2E1 and 2E2 by us1ng the gate electrodes 5P5 and 5N5
lO' as the different photoresist masks. -Thus, the pMOS SP_
is formed over the epitaxial layer 2E1 and the nMOS |
‘SN is formed over the epitaxial layer 2E2.
The impurity concentrations of those
Semiconductor regions 5?1, 5P2, 5N1 and 5N2 are-about'.
15 0.5 x 10® to 5.* 10*° atoms/cm?, preferably 1 x 10%°
atoms/cm®. Moreover, the semiconductor regions 5P1,
5P2;.5N1 and 5N2'have their bottom portions set deeper
'than the punchathrough stoppers 5P3.and 5N3 but
shallower than the wells 3a and 3b.
- 20 . Next, as shown in Fig. 11, the insulating film 6
- of.SiOZ, for example, is deposited over the |
semiconductor.substrate”z hy the CVD'method or the
| like. After this; the insulating'film'ﬁ is formed .
with the connection holes 7”for_expOSing the |

25 semiconductor regions SPl(.SPi,_SNl and 5N2 by'the
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5. phenonenon of the inpurities at the diffusion treating step can be
suppressed while preventing the auto-dopi ng phenonenon. As a result, it is
possi bl e to inprove the setting accuracy. of the inpurity concentration in
the epitaxial [ayer 2E 10 (3)- Thanks tgythe aforenentioned effect (2),
~the fluctuation of the electric characteristics (e.g., the resistivity) of
the epitaxial layer 2E due to the auto-dopi ng phenonenon can be prevented
to inprove the setting accuracy of the electric characteristics. 15 . (4)
Thanks to the aforenentioned effects (1) to (3), it is possible to inprove

t he perf'or_rrang)%%,tdrﬂ:é__i %:h%ig %e ?tt?é OMJ.:?#: é’é&Lz@'fq&’é t he NDS ‘FETs 5N

.and- 5P (as shown or med
' - Subsequently, there is depOSited on the

semiconductor substrate 2 the conductor film of an.
- AL- 8i-Cu alloy by the sputtering method or the
5 evaporation method. After this, the conductor film is
patterned_by_the photolithography or the etching
technique, to_forn the_eleotrodes 8P1, 8P2, 8N1 and
. 8N2 and the firSt?layeriwiring'line'8L, as shown in
Fig. 1. | | _ _
10 _Afterlthis, thelSiog film and the Si,N, film are
| seguentially 1aﬁinated in the recited order from the
bottom over the semioonductor_suhstrate_2.. After
this, the surface passivatiOn_film.g is partially,
formed with bonding pad conneotion holes to end the
15 manufacture of the seﬁiconductor'integrated cirouit'
device. | | | |
Thus, the_following effects-Can be achieved
according to the present embodiment 1:.
'(1) The-heavily.doped wells 3a and 3h are overlain by
20 the lightly doped epitaxial layer 2E having the '
epitaxial layers 2E1 and’ 2E2 on which are mounted the
pMOS SP_and the nMOS 5N. As a result, these pMOS 5P
and nMOS SN can have their characteristics (é.g;, the
threshold'voltage;Or:the substrate effects) accurately

25 set without being influenced'by the impurities in the
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epi taxi al |ayer 2Ei 20 - (Enmbodi mrent 14) ng 41 is a section show ng
an essential portion of a sem-.conductor integrated circuit device according
to a further enbodinent of the present invention, and Fig. 42'is a graph )
diagram plotting a dept hw se 25 i mpurity gpncentration distribution of.a
seni conduct or 92 substrate in the sen comductor integrated circuit
device of the present invention. In the present- enbodinment ‘14, as shown in
Fig. - - CE - e
| wells 3a.ahd 3b'and the semicondoctor sdbstrate hody
25.. As a result the pMOS SP and the nMOS 5N can have
their characteristic fluctuations suppressed to
improve the_setting.accuracy of the characteristics.
5 ~(2) The pMOS'SP{and the.nMOS'sN are'mounted on the
- lightly dopedleoitaxial lafers'ﬁEl.and 2E2 so that the_
'-junction'capacity'of the drain"Can'be_reduced. As a
result, the pMOS SP-and the nMOS 5N can have their'
tailing characteristics improved to improve the
10 carrier mobility. .As:a result, it is_possible to
improve'the action.speed of the semioonductor
integrated circuit deVice. . |
.(3) The pMOS 5p, the nMOS 5N and SO on are formed in
the epitaxial.layer ZE. As a re5ult, it is possible
15 to reduce the substrate effects and to improve the
carrier mobility.
(4} The heavily doped wells 3a and 3b are overlain by
the lightly doped epitaxial layer 2E, on which are
mounted the pMOS 5P and the nMOS 5N. - As a result, the
20 impurity.concentrations of the wells_3a and 3b .can be
set substahtially'independently'of the characteristics'
of the pMOS 5P and the nMOS 5N so ltlhat the impurity |
.concentrations of the wells 3a and 3b can be set to

higher levels than those of the prior art.

25 _(5) Thanks to the aforementioned_effect (4), it is'
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41, on the epitaxial l|ayer 2E of the sem conductor 5 substrate, there are
nDunted the MOS FETs. 5N and 5P whi ch have the LDD (Lightly Doped Drain)
structure. In other words, the present enbodinent 14 is different in the
drain structures of the MOS FETs 5N and 5P4krom.the foregoing enbodi ment 1.
10 SpeC|f|caIIy, t he sem conductor regions 5N1 and 5N2 forming the
source/drain-regions of the MOS FET 5N are conposed  of heavily doped

regi ons 5Nla and 5N2a and.lightly doped regions 5Nlb and 5N2b formed at the_
side of the gate electrode 5N5 or the channel forming 15 region. The '

VEE FRVCLE o SERERRES MBSO, AR R R g
' ‘CMOS circuit.-
(6) ' Thanks to the aforementioned effect (S)l it is
possible to make the circuit layout des1gn suffiCient
5 for the 1atch-up breakage. | |
(7) Thanks to_the aforementioned effect (4), it is.
pOsSible to improve-the soft—error resistance.
(8) Thanks to the aforementioned effect (4), it is
.poSSible'to improve the punch-through reSistance in
10 'the_semiCOnductor substrate. |
(9) Thanks to the aforementioned effects (3) and (6),
it is possible to faCilitate'the circuit design of the
semiconductor integrated circuit deVice.
;(10) Thanks to the aforementioned effect (4), it is
15 'possibie_to make the wells 3a and 3b shallower than
those of the prior art; so that-the'time period for
thermaliy treating the_wells 3a'and.3b can be
.drasticaily shortened. In case the treating _
temperature is held constant for example, the time
20 period can be shortened from six hours in the prior
art to about thirty minutes._ _
(11) Thanks to the aforementioned effect (10), it is
possible_to drastically reduce the warp and the
crystal defect'oﬁ the semiconductor substrate body 2S

25 due to the thermal treatment.

- This is the réplacement aheet .

D 03 4pp g



l'i ghtly doped regi ons 5P1b and 5P2b fornmed at the side of the gate
el ectrode 5P5 or the channel form-ng 20 region. The sem conductor regions .
5N1 and 5N2 of the MOS FET 5N are forned in the lightly doped. epitaxial =~
| ayer 2E2.  The semiconductor regions 5N1 apd 5N2 of the MOS FET 5N are”
formed in the Ilghtly doped epitaxial 25 —fayer 2EL. 93 Both the

heavily doped reglons 5Nla and 5N2a and t he Ilghtly doped regions 5Nl b and -
5N2b contaln the : _

(12)' Thanks'to'the'aforementioned effect (4) ‘no
channel stopper need be formed below the field
insulating film 4 so that the step of introducing the
impurity for forming-the channel stopper can be
5 eliminated.'_This_makes-it possible_to.shorten the
..time period for manufacturing the semiconductor'
integrated circuit.devicg;f' |
(13) Thanks to the aforementioned effect (4), no
channel stopper need.be fOrmed below the field
10 insulating film 4 SO that the step of introducing the -
impurity for forming the channel stopper can be
eliminated. _This makes it.pos31ble to prevent the
crystal defect or the like'of the semiconductor.
substrate body 28 due to the impurity_ihtroduction;
15 (14) “Thanks.to the aforementioned effect.(4), no
channel stopper need be formed below the field
71nsulating film 4 so that the parasitic capacity due
to the channel stopper can be eliminated. This makes
.it possible toiimprove_the action speed of the
20 semiconductor integrated circuit deﬁice.. “
(15) Thanks to the aforementioned effect (4), no
channel'stopper need be'formed'below the.field
insulating film 4. As a. result it is possible to
“improve the drain.breakdown voltage which is regulated

25 by the superposed portion between the drain end
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n-type inpurity of phosphor or As, for exanple. The lightly doped regi ons
5Nl b and- 5N2b have their 5 I mpurity concentrations set |ower than those
of the heaV|Iy doped regi ons 5Nla and 5N2a. Moreover, both the heavily
~doped regions 5Pla and 5P2a and the |ightlag doped regi ons 5P1lb and 5P2b
contain the p-type |npur|ty of phosphor or—As, for 10. . exanpl e.. The

| ightly doped regions 5P1lb and 5P2b have thelr i npurity concentrations set
|l ower than those of the heavily doped regions 5Pl a and 5P2a. l.ncidentally,
.the MOS FETs 5N and 5P have their gate electrodes 5N5 and 5P5 fornmed on

e he”teo e b ACelR borted phCE bR oHRREI LBt °* 10
(16) The pMOS SP the nMOS 5N and so on are formed in
the lightly doped.epitaxial layer 2E so that the |
junction breakdown'voltagelof the drain can be

5 improved. o _ | |
_(:17) The gate insulating films: 5P4 and 5N4 of the
pMOS SP and the" nMOS 5N are formed over the epitaxial
layer 2E so that the gate 1nsulating films 5P4 and 5N4
can have their film qualities improved to improve _ |
th _their breakdown voltages.
(18) The gate insulating films 5P4 and 5N4 of the
pMOS 5P and the nMOS 5N are formed over the epitaxial -
layer 2E.so'that the gate insulatingjfilm 5P4 can have
'_its defect'densitylimprOVed (or reduoed) bv:one'figure_
15 or'more. | .
(19) The pMOS 5P and the nMOS 5N formed in the
lightly doped epitaxial layer 2E are formed with the
punch-through stoppers 5P3 and 5N3, respectively, so
thatlthe punch-through breakdown voltages between the
1_20_ .individual sources-drains of the pMOS 5P and the nMOS
5N can be improved. | . |
:(20) The differential amplifier 10'is constructed of -
the MOS- FETs having the present structure so that the
film qualities of the gate insulating films of the

25 pMOSes '5Pa and 5Pb and the nMOSes 5Na to 5Nc compOSing
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5N2a, and 5Pla and 5P2a are formed in self-alignnent with the side walls
24. The lightly doped regions 5Nlb and 5N2b are forned i.n self-alignment -
with the 200 gate el ectrode 5N5. The lightly doped regions 5P1lb and 5P2b
are formed in self-alignment with the gate @Iectrode 5P5. In this case,

too, the punch- through stoppers 5N3 and 5P§—have their maxi num
concentration portions 25 | ocated in positions shallower than those of
the - 94 sem conduct or reglons 5N1 and 5N2 of the MOS FET 5N

the differential amplifier 10 can be improved to
'prov1de the differential amplifier 10 having less
noises, espeCially less l/f noises.
- (21) The differential amplifier 10 is constructed of
s the'MOS-FETs having'the present structure so that thej
sources-drains'of the pMOSes 5Pa7and SPb and the
nMOSes 5Na to 5Nc composing the differential amplifier
10 have their bottom faces contacting With the
.epitaxial layer 2E.p As a result, the'load_capacity
‘10 can'be'reduced_to increase the cut-off frequency
thereby to impr0ve the high-frequency'characteristics
of the differential amplifier 10. |
(22) The differential amplifier 10 is constructed of
the MOS FETs hav1ng the present structure so that the
15i substrate effect can be reduced to determine the
threshold voltage uniquely with the amount of ion
implantationlby the channel.doping. As a result, it
‘is possible'to.reduce the offset voltages of the |
nMOSes 5Na and S5Nb used'for the’differentiation.-

20 (23) The differential amplifier 10 is constructed of
| the MOS* FETs haVing the present structure so that the
sources~drains of the pMOSes SPa and 5Pb and the
‘nMOSes 5Na to SNc composing the differential amplifier
_10,are formed in the lightly doped epitaxial layer 2E.

25 As a result, the;sub-threshold coefficient in the low
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and the sem conductor region 5P1 and 5P2 of the MOS FET 5P. In the present
enbodi ment 14, the punch-through stoppers 5N3 and 5P3 have their maxi num5
concentration.portions located in the vicinity of the depth of the l'ightly
doped regions 5Nlb and 5N2b of the sem congyctor regions 5N1 and 5N2 and

the 1ightly doped regi ons 5P1b an 5P2b of PEe sem conductor regions 5P1.and B
5P2. 10. . I'n short, the punch-through stoppers 5N3-and 5P3 are nmade so
deep as to contact with the Iightly doped regions 5Nlb and 5N2b. Here, a
dept hwi se inpurity concentration distribution of the sem conductor

subst ”?‘t e 2 agu%gentt .%ck-zsg.o%l %%% lﬂén%e%dce%,qfthlzaitg 'isltl’tl'ies éjrlaociiteendf In Fi g
of the cu#renf-voifage characte#istics can be
increased to 9ffect the 1ow-v6;tage actions. _
(24) The différéntial amplifier 10 is anstrucfed’of
5 " the MOS-FETs_having the present stfucture so that the
| early vd;tageﬂéannbe raised by.propefly églecfing'thé
- distancélfrom the.boﬁhdary between the punch-through
éfoppers 5P3 and 5N3 and the gate insulating films.524.
and 5N4; As a result;.it is possiblé'to'increaSe the
10 gain of the_differehtial_amplifigr 10.
| (Embodiment'zj '
Fig. 12 ié‘a seétion showing an essential'portion
~of a semiconduéfor integrated circuit device accofding
to andther.embodimenf of the preseht_invention.

15 We have specifically investigaféd the case in
which the strudture of the foregdihg'embodiment_l is
applied to a'sémicdnductor-integrated ci:cnit device
having an electrostatic protec#ibn-qircuit to be.added

. Between an input/outpgt circuit éﬁd'é'power supply,

20 - and have found_th;t_the_dielectric breakdown voifage

' of the elemenﬁs for the eiectrostafiq protection

circuit may dfop’if the'preéént-strﬁcture'is used.
Generally speaking, the elements.for fhe .
electrostatic prbfeCtibn_circuit are'f:equently made

25 of either the MOS:FETs or the horizontal bipolar
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42. Incidentally, t he ihpurity di stributi.on of Fig. 42 can apply to the
foregoi ng enbodi ments 1 to 13, too. The epitaxial |layer 2E2 (or 2E1)
form ng the 20 surface Iayer of the epitaxial l'ayer 2E is a lightly doped
region.. In their mdway, homever there ig formed a nore heavily doped
portion than the punch- through stoppers 58 and 5P3. Bel ow the epitaxial
| ayer 2E2 (or 2El1), there are formed the wells 3a and 25 3b as a heavily.
doped region. - 95 SR S ' : _ .
itransistors.Which are parasitically formed below the
field insulating film. |
In.this case,.the majority carriers to be.
'produced by the avalanche phenomenon'of the collector/
5 'base junction generate the base current to discharge
.the minority carriers by driving the bipolar
transistors.' | _
| In case, however, the structure of the foreQOing
.embodiment 1l is applied to a semiconductor integrated
10- 'circuit device_having the-electrostatic protection
| “circuit, the impurity concentration-of the base region
in the'elements for the electrostatic protection
circuit may have the vertical direction. .ln'other
words, the impurity concentration may be uneven in the
15 depthwise direction of_the semiconductor substrate.
Especially the'horizontal'bipolar transistor, as
formed below thetMOS°FET, neVer'fails to have that
distribution. | |
Moreover, this impurity distribution causes a
20 _ deviation in the minority carrier distribution in the
base region at the drive time of the bipolar o
transistor thereby to 1nv1te the current concentration
in the collector/base Junction so that the dielectric
breakdown voltage in the elements for the
25 electrostatic protection circuit drops.
' rhis s the replacement shest
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Thus, the heaV|Iy doped regi ons 5Nla and 5N2a of the MOS FET 5N are so
forned in the epitaxial layer 2E1 as to contact with the epitaxial | ayer
2E2 so that the drain junction capacity can be reduced. 5 Thus, the
present enbodi nent 14 can achieve effectsﬁién1lar to those of the foregO|ng
enbodlnent 1. Al though our i nvention has n specifically described in-
connection with its enbodiments, it 10 should not be limted to the
f oregoi ng. enbodi ments 1 to-14 but can naturally be nodified in various
manners wi thin the scope of the invention. For exanple, the foregoing
enbodi nents 1 to 14 have been described as.to the case in which the
: The present embodiment 2 proposes a structure for
_so1Ving that problem. This structure will be _.
described with reference to Fig. 12. In Fig. 12, the
righthand side shows an internal circuit region A, and
-5 the lefthand side shows an electrostatic protection
_rcircuit region B.
- The construction of the internal circuit is
similar to that of the foregoing ‘embodiment 1. In the
present embodiment 2, however, in the region where the
- 10 well containing the p-type impurity or boron'and the
field insulating film 4 are in contact there is
formed a channel stopper 14.. This channel stopper 14”
is doped with a p-type impurity such as boron. The
impurity concentration is exemplified by 1 x 107 to 5 -
15 x 10V atoms/cmP, preferably 2 x 10V atoms/cm .
This is because the p-type impurity of boron may
diffuse at the time of forming the field insulating
£film 4 so-that its concentration may not be
sufficiently retained in that contact region. In
20 - order to cOmpensate this, the channel stopper 14 is
formed. In the remaining points, the construction is
similar to that of the foregoing embodiment 1.
The electrostatic protection circuit region B lS

formed with a hcrizontal npn bipolar tranSistor 15a

25 and a horizontal_pnp bipolar transistor 13b. 1In the
This is the replacement sheet
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15  present
devi ce having
descri ption,

so-called "si

the other hand, Fig. 44 shows a nodification of the el enent

portion 21 in
haV|ng the 25

I nvention is applied to the semconductor integrated circuit.
the so-called "double well structure.” Despite of this
however, the present invention should not be linmted thereto . -
but can be applied to a-sem conduct or 20 53ntegrated circuit device of the .
ngle well structure" having orme well, as shown in Fig. 43. On-

I sol ati ng

the case of the seniconductor integrated circuit device
single well structure. The el enent isolating portion’

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. 1In short
the impurity concentrations of the epitaXial 1ayers

2E3 and 2E4 are set to about 1 x 10v atoms/cm or

‘more.

.10

15

20

Here, the epitaxial layers 2E3 and 2E4 are formed
to have their impurity distributions set as uniformly
as possible in_their entirety or_their impurity
concentrations'raised at their surface portions.

As a result it is poss1ble to eliminate the
regions of the epitaxial 1ayers 2E3 and 2E4 where the
concentrations are locally lower thereby to eliminate
the deviation of the minority carriers in the base
regions 15al and 15bl at the action times of the
bipolar transistors 15a and 15b for the electrostatic
protection circuit. |

As a result, any'localhcurrent7concentration can

be prevented from occurring'in the'epitaxial layers

 2E3 and 2E4 to produce the electric current uniformly

in the collector/base Junction SO that the

f-electrostatic breakdown voltage can be prevented from

_dropping in the bipolar transistors 15a and 15b for

25

the electrostatic protection c1rcuit.
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96 21 is conposed of ‘the field insulating film 21d and the two

sem conduct or regi ons 2le and 21i of .-different conduction types forned

bel.ow the field.insulating film 21d and adj acent to each other. The 5

-sem conduct or region (or fourth region) 21k,over the sem conductor

substrate body 2S is doped with the inpurify of. the sanme conduction type as
that of the inpurity contained in the: seni conduct or substrate body 2S, such
as the p-type inpurity of boron. The 10 . renalnlng construction is .

i dentiical to-that of the fOrégorng enbodi ment . 9. On the other hand, Fig. 45

‘shovis another modi fj¢aL100,9%ak321°18FRYS 29’ AHA"3=A0RsR chbir

impurity concentrations set by the ordinary
photolithography technique and ion implantation
] technique, for example.

5 - _ Specifically, the semiconductor substrate 2 is
'formed thereon with the (not-shown) photores1st | _
pattern for eﬁposing the region'of_the epitaxial layer.'
2E3, and thisfphotoresist pattern:isfthen_used as.the'
mask for_implanting the epitakialglayer 2E3 with an

10 n—type impurity”such'as phosphor through the (not-
o shown) through'film. The dosage at this time is
exemplified by 1 x 1013 1ons/cm.
Subsequently, the photoresist pattern is removed
and the (not- shown) photoresist pattern for exp051ng

15 the region of the-epitaxial 1ayer 2E4 is then formed

| and used as the mask to implant_the epitaxial layer
2E4 with a p- type impurity such as boron through the
(not-shown).through £ilm. The dosage at this time is
exemplified by 1 x 10% ions/cm?.

20 After this, the semiconductor substrate 2 is
_subjected to a thermal treatment to set the impurity |
concentrations and distributions of the epitaxial
_1ayers 2E3 and 234._ ' |

N Thus, in the present embodiment 2, the following

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

This is the replacement sheet

' Date: 03 APR 19%‘



t he case of the sem conductor integrated circuit 15 device having the
single well structure. The elenent isolating portion 21 is conposed of two
sem conductor regions 21g and 21j of different ConductiOh types arranged
adj acent to each .other. The sem conductor gggion (or sixth region) 21j over -
the seniconductor 20 .substrate body  2S |s—doped wi-th the inpurity of the
same conduction type as that of the inpurity contained in the sent conduct or
substrate body 2S, such as the p-type.inpurity of boron. The renaining
construction is identical to that of the foregoing enbodi nent 10. 25"

On _t he ot-her h@Bd(ltll'jeafn(d_r ?%)”‘gcoe%iﬁ%@ %_b:ltatigled in the foregoing
| embodiment 1. | | | |
| : SpecifiCaliy, the impurity concentrations of the
epitaxial layers 2E3 and 2E4 in the electrostatic
5 protection circuit-region B.are'Set.equai to or higner'
than those of the wells 3a and 3b so that the impurity
distriputions in the epitaxial 1aYers“223'andi2E4'may
be as_homogeneous-astpossible in their entirety'or =Te)
that the impurity.concentrations of the_epitaxial' |
ld' layers 2E3land_2E4 may be higher in their surface
| portions;_-As a'result, it is possible to eliminate |
the regions in thefepitaxialrlayers 2E3 and 2E4, where.
the concentrations:are locally lower, therebj to
eliminate the deviation of tne minority carriers in
| 15 the base regions'at the action times of the bipolar.

' transistors 15a and 15b for the electrostatic
protection circuit. As a result the local current
concentration can be prevented from occurring in the
epitaxial 1ayers_233 ‘and 2E4, to produce a uniform

20 current flow in the coll.eﬁctor/ba._se_ junction so that
the electrostatic breakdown v°1tages'in the bipolar
transistors 15a and 15b for the electrostatic
protection circuit can be prevented from dropping.

(Embodiment 3)

25 '-_ Fig. 13 is a section showing an essential portion

Thls is the rep! amﬁﬂ 3hoot
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97 14 have been descrlbed as to the case in which the epitaxial |ayer
forming the pMOS and the nMOS has its inpurity concentration set by the ion
“inplantation method separately.-of another manufacture step. .5 Despi te of
this description, however, the inpurity comsgentration of the epitaxial .
| ayer may be set accordlng to the desired &enent characteristics at an ion
|nplantat|on step for form ng the punch-through stopper, for exanple. 10 .
At the time of form ng the punch-through stopper, for exanple, the inpurity
concentration of the layer bel ow the punch-through stopper nay be set to-a

of a semiconductor integrated Circuit device according
.to still another embodiment of the present invention. |
We have specifically investigated the case in
mhich'the structure of the foregoing embodiment ‘1 is
5' applied to a Semiconductor‘integrated circuit device
having a DRAM (Dynamic RAM_(Random Access.Memory));
and have found_that the carrier holding
characteriStics'mayzdrop_in'the capacity element
portion of the'DRAM'if'the present structure is used.
10 ' _lIn the case of a memory_circuit, the holding
characteristics of.the carriers, as latched in the
capacity element.portion, are an important performance
index. . These holding characteristics are |
substantially determined by the amount of charge, as
l5 | stored in the capacity element portion, and the pn |
Junction leakage-current_of the ‘memory circuit, but
have to be considered for the so-called “soft—error
- phenomenon”, in which the stored charge disappears due
to the influences of the electron-hole pair to be
-20 produced by the alpha ray emitted to the semiconductor
Jsubstrate from the radioactive substance contained in
dthe_wiring line and the sealing_resin material.
Here, in case the'Structure of the aforementioned '
embodiment 1 is applied to the memory circuit the |

25 junction capacity is small and there is no impurity

+ This ig the rep!aéumant'shcet |
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predeterm ned value. At this ion inplantation step for formng the
punch-through stopper, noreover, the 15." inpurity concentration of the
| ayer bel ow the punch- through stopper is set to a predeterm ned val ue,
the inpurity cohcentration of the channel aver t he- punch- t'hrough st opper
may. be set according to the desired el ement—characteristics. 20 :

the other hand, the foregoing enbodinments 1 to 14 have been descrlbed as
‘the case i.n which the SiH4 gases ‘are used -at the time of the epitaxial
Despite of this description, however, the préesent invention shou
not be I|n1tedré596ﬁtefbnugna&oheeﬂ&raﬂmam Eue@pwaﬁgamm@useunmﬂeks ~ For:

gr owt h.

exanple

10

15

20

25

and 3b. _As a result, no barrier layer may be for the
Carrierspproduced in the wells 3a and 3b.by'the-alpha.
ray;.thereby to 1omer the holding'characteristicsl

The present embodiment 3 proposes a structure for
solving that problem. This structure will_be

described with referénce to Fig. 13. In Fig. 13, the

righthand side shows thefinternalucircuit region A,

and the lefthand side shoms'a memory cell'array M.
The construction of the internal circuit is
similar to that of the foregoing embodiment 1. In the

present embodiment 3 however for the same reason as

'that of the foregoing embodiment 2, the channel

stopper 14 is formed in the region in which the well

‘3b containing the petype impurity such as boron and

thegfield insulating film 4 are in contact. The

remaining cdnstruction.is'identical to that of the

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 DRAMIis composed'of_a transfer MOS:FET
16 and a capacitor_(or capacity element) 17. ”

j_.-T'he_transfe_r_MOS--FE_:'I"_'l_-is',_composed of the
following components: a pair offsemiconductor regions

16N1 and 16N2 formed over the epitaxial layer 2E and

‘and

to

| d
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98 dichlorosilane [err] having a | ess auto-doping may be used. On the other "
hand, the foregoing enbodi nent 1 has been described as to the case in which.
the structure 5 - of the present invention.is applied to the analog
circuit. Despite of this description, howeyer, the present invention.
shoul'd not be limted thereto'but_can al.s e applled to a digital circuit,
for exanple. Mreover, this digital circuit can be exenplified 10 by a
gate circuit, an . adder, a timer, a counter a shift reglster and a

pass tranS|stor gate CIrCUIt '

spaced from each other. a gate insulating film 16N3
formed over the_epitaxial_layer ZE, and a gate
electrode 16N4'formed over the gate_inSulating £ilm
Caena. | _' |
5 . The semiconductortregions'16N1 and 16N2 are
| regions forming the source/drain regions of the
transfer-MOS'FET:lﬁ and-are doped with an n-type
impurity such'as phbsphor or'arsenic.'

The 1mpurity concentrations of the semiconductor

10 regions 16N1 and 16N2 are exemplified by 1 x 1018 to 5
X lQ20 atoms/cm-h preferably-3_x 10t atoms/cm . The
semiconductor.regiOns 16N1 and 16N2 have their depths
.set to fall within the ‘range of the thickness of the
_epitaxial layer 2E.- In the memory cells of the DRAM

15 - the source/drain concentration is lower than that of
“the. MOSFETs composing the peripheral circuits.

One semiconductor region 16N1 is electrically
connected with a data line SDL through the connection
'hole 7 which is formed in the insulating film 6. 'The

'20 | data line 8D1 is made of an Ag- Si-Cu alloy, for
example, and is formed simultaneously with the first-
layer erlng line 8L and so on. |

The other semiconductor region 16N2 is

' electrically connected With the capacitor 17._ This

25 capaCitor 17 is composed of the following components.
;ThmﬁstherQMQQNnoh{ahoéf B
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On the ot her

differential

“hand,
case in which the structure of the present

a_conparat or, a nodul-ator or

t he foregoi ng enbodi ment 1 has been described as to the
_ inventionis applied to the 15.
anplifier. Despite of this description, however, the present
invention should not be limted thereto-but,g,can al so find-various
‘appl i cations such as an AD/ DA converter,

a -

‘sense anplifier of a menory. 20 - .~ On the other hand, the foregoing

~

enbodi ments 1 to 14 have been described as to the sem conduct or

i nt egrated

circuit device having the elenents. Despite of this description, however,

t he pr esent

i nvention should not be limted thereto but can also 25

vari ous apm|(ﬁﬂlQWﬁF|?k#@%#ﬂ@eak??v%léPEﬁ%ﬁ@%lY connected with one

10

15

20..

A - 25

-

semiconductor region 16N2 of the transfer MOS- FET 16-

'a capacitative insulating film 17b formed over the

lower electrode 17a, and an upper electrode l7c formed

over the capacitative insulating film 17b.

The lower electrode 17a is formed of a conductor

film of low—resistance poly—silicon or tungsten

silicide (WSi,). The capaCitative insulating film 17b

is formed of an insulating film of Si;N, or tantalum

oxide (Taoa)' Moreover, the upper electrode 17¢c is

formed of a conductor_film of low-resistance poly-

silicon or WSZ.
Incidentally, in the present embodiment 3, the
epitaxial layers 2E5 and 2E6 in this memory cell MC

have their impurity'concentrations set eQual'to or

higher than those of the wells 3a and 3b.

Specifically, the impurity concentrations of the
epitaxial layers 2E5 and 2E6 are set to 1 x 10Y7
atoms/cm® or more. | |

As a result, it is possible to increase the
junction'capacitytof the.epitaxial layers 2E5 and 2E6
between the semiconductor_regions 16N1 and 16N2 and
the epitaxial;lafers 2E5 and 2E6 and to form the

barrier layer for prevent the carriers producéd due to

‘the electron-holeipairs by the alpha ray'from in#ading

find

Th&istherqmaoomqntphuﬂ
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99 such as bipolar transistors or diodes, capacitors having pn juncti
and insulating filns between el ectrodes, or passive el enents such as
di ffusion resi'stors. The present .invention can be further 5 applie
m croprocessors, ASIC (Application SpecifigglC or various sem conduc
menory integrated circuits having those elements integrated therein.

ot her hand,

ons

dto-
tor .
On the

t he foregoi ng enbodi nents- 1 to 14 have been described as to the

case using the p-type 10 seniconduCtor substrate body.--£Espite of this

10

15

20

25

the capacitor.17.. As a result the memory holding
characteristics from dropping even in case the
structure of the_foregoing embodiment_l is_applied to
the semiconduotor integrated circuit device having the

DRAM. | Spedifically, the barrier layer for reduCing

the invasion: of the carriers, which are produced due

-to the electron—hole.pairs by the alpha'ray, from the

well 3b into the epitaxial layers 2E5 and 2E6 can be -

established by the well 3b and the epitakial layers

'2E5 and 2E6. -

' These epitaxial layers 2E5 and 2E6 have their
impurity concentrations set by the ordinary
photolithography teohnique and the ion impiantation
technique, for example, after the ‘gate insulating |
films 5P4 S5N4 and the 16N3 have been formed.

| Spec1fically, the semiconductor substrate 2'is
formed thereon'athfirst with the.(not;shown) |
photoresisthpattern for exposing the-epitaxial layers
2E5 and 2E6 in the memory cell array M. After this,
the photoresist pattern is. ‘used as the mask for

implanting the epitaxial layers 2E5 and 2E6 with the

: ions of_an n—type impurity such’ as phosphor through

the (not-shown) through fiim.- The dosage at this time_

is exemplified by 1 x 1013 ions/mm. After this, the

semiconductor substrate 2 is subjected to a thermal

This is
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descri ption, . however, the present invention should not be [imted thereto
but can-also find an application using an n-type sem conductor substrate
body.  On the ot her hand, the foregoing enbedinments 1 to 15 '_14 have been -
described as to the MOS FETs. Despite of tdijis description, however, the
present invention should not be linited the&eto but can also use NIS (Met al
| nsul at or Semi conductor) FETs. On the other hand, the foregoing enbodi ment
7 has 20 'been described as to the case in whi ch the epitaxial layer in-
the nenory cell array has its i'mpurity concentration set equal to or higher
than that of the wells. Despite of this description, however, the present

|nvent|on shouFBeREReRE FPn?F@dtPﬁé AEPYTify concentrations and

distributions of the epitax1al 1ayers 2E3 and 2E4 |
| -Thus, in the present embodiment 3, the follow1ng
effects can be achieved in addition to the effects (1)
5 y_to (11) and (16) to (24), as obtained in the foregoing
. embodiment 1.
| SpeCifically, the impurity concentrations of the
'epitaxial layers 2E5 and 2E6 in the memory cell array
M are set equal to or higher than those of the wells -
ld .3a and 3b so that the junction capaCity in the
epitaxial layers 2E5 and ZEd can_be increased while
forming the'barrier layer for preventing'the carriers,
which are prodaced.due to the'electronehole pairs by
the alpha'ray; from invading the capacitor.17. As a
15 | result, it is possible to prevent the reduction of the
| memory holding characteristics of the semiconductor
integrated circuit device having the DRAM |
(Embodiment 4)
Fig. 14 is a section showing an essential portion
20 of a semiconductor 1ntegrated 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 1ntegrated circuit device haVing the

25 same DRAM_as that of the foregoing embodiment 3. 1In

“This is the réplacement shesl
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25 can al so nodified, as in the foregoi ng enbodinment 6 = 100 and solon,
-such that even the epitaxial layer .in the menory cell array has its ,
inpurity concentration set,. below and near the semi.conductor region to be
connected with the data lines, as low as that of the 5 epitaxial |ayer.
Mor eover, the punch-through stopper may be=Sorned in the regions having a
| ower inpurity concentration. On the-other hand, the fore90|ng enbodlnent 7
has been described as to the case |n whi ch the pr esent -
the present embodiment.4;_howeter,_in the epitaxial
layers ZES and 2E6 of the,memory cell array-M,_only'_’
the-laYerlbelom the.semiConductor region 16N2 to'be
connected with the capacitor'17'and its”neighborhood.
5. have their impurity concentrations set equal to or.
'higher than those of the wells 3a and 3b as shown in
Fig. 14.
Moreover,'the layer below the semiconductor
region 16N1 to beiconnected with the data_line'BbL and
10 its neighborhodd have'their impurity concentrations h
set to levels as low as those of the foregOing
embodiment 1 and the lightly doped region is formed |
as in the foregoing embodiment 1 with a punch-through
stopper (or an eighth region) 16N5. The remaining |
.15 . construction is similar to that of the foregoing |
embodiment_3. Specifically, the lajer below the
semiconductor region'lle andlits neighborhood have
their impurity'concentrations set,.over and beiow the
punoh—through stopper 16N5,hto 1evels as low as those
20 of the embodiment 1.-
| As a result in the present embodiment 4, the
effects of the foregoing embodiment 4 can be attained
without increasing'the load"capacity-of the data line
8DL. SpeCifically, it is possible to prevent both the

25 reductions of the data transfer rate and the memory

This is the Teplacement aheet
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10 _'structuré S applied to the sem conductor integrated circuit device
havi ng the EEPROM Despite of this description, however, the present
invention should not be limted thereto but can also find various
‘appl i cations such as another ROM such. as EE?ONIlS . (Erasabl e Programmabl e
ROM (Read Only. -Menory)) or mask ROM On the.other hand the present
structure can also be applied to the so-called- ferroelectrlc menory-
circuit (FRAM Ferroel ectric Random Access Menory)", 20 i.e., a menory.
circuit having a capacitor i'n which a. capacity- |nsulat|ng filmmade of a
ferroelectric material such-as PZT [err]. is.sandw ched between upper and
| ower el ect r odezlding characteristics of the semiconductor .
integrated circuit device hav1ng the DRAM.
(Embodiment 5)
 Fig. 15 is a section showing an essential portion
5 ,of a semiconductor integrated circuit device according
' to a further embodiment of the present invention.
The present embodiment_s will,be described in
- connection with the case in which the structure of the
foregoing embodiment 1 is applied to a semiconductor

10 -integrated.circuit device having a SRAM (Static RAM).

" In this'caSe, too, there arises a problem similar
to that of the foregoing embodiment 3. SpeCifically,
the problem is the reduction in the memory holding
characteristics, The present embodiment 5 proposes a

15 structure forgsolVing the problem, as will be

. described with reference to Fig. 15. 1In Fig. 15 the
righthand side shows the internal circuit region A, |
and the lefthand_side ‘shows the memory cell array M.

. The constructiongof the internal circuit is _

20 similar to that of the foregoing-embodiment'l._ In the
present embodiment 5, however for the same reason as.
that of the foregoing embodiment 2 the channel
stopper 14 is formed in the region in which the wellf

'containing the p-type impurity of boron and the field

25 insulating film 4 are in contact with each other._ The

T This xs the replacemont ah.ot
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- On the other hand, the foregoing enbodi nent 7 has 25 been described as to
the case in which the epitaxial 101 layer in the nenory cell has its
~inpurity concentration -set equal to or hi gher than that of the wells.
_.Despite of this descrjption however, the oresent invention should not be
dlimted thereto but 5 can al so be nDdIfFGd such that the inpurity
concentration of the epitaxial |ayer of .the nmenory cell is as |ow as that
of the epitaxial Iayer of the foreg0|ng enbodlnent 1. This modi fication
can achi eve . ' : o
remaining constrnction is identicailto that of the
. foregoing embodiment 1.' | y
The memory cell array M is arranged with a
transfer MOS*- FET 18 and a driver MOS* FET 19. Each
'5-' memory cell of the SRAM is composed of a pair of
driver_MOS FETs 19 a pair of transfer MOS° FETs 18,
| and a.pair of load elements. The paired driver |
MOS* FETs are'crOsseconnected;' |
The transfer MOS* FET 18.is composed of the
10 j following components: a pair of semiconductor regions
18N1 and 18N2;formed over the epitaxial layer 2Efand.
spaced from-eaCh other; afgate insulating film 18N3
formed_over the epitaxial layer 2E; and a gate
electrode formed over the_gate insniating film 18N3.
15 The semiconductor regions 18N1 and 18N2 are
regions for'forming"tne source/drain regionslof the
transfer MOS: FET 18.and are doped with an n-type
: impurity ‘such as phosphor or arsenic.p .
The impurity concentrations of the semiconductor
- 20 | regions 18N1 and 18N2_are exemplified by 0.5 x 10% to
5 x 10%* atoms/cm®, preferabiyyl x 10%° atoms/cm’. The,.
semiconductor'regions_SNl and Sﬂz.haye'their depths
set to fallymithin the range of the.thickness of the
' epitaxial-layer 2E. | | |

25 ‘One semiconductor region 18N1 of the transfer
thWSthereMacsmontlnum
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the effects (1) to (11) and (16) to (24) of the 10 f or egoi ng enbodi nment
‘1. ‘Although the foregoing description has been directed mainly to the case
in which our invention is applied to the sem conductor integrated circuit
“devi ce having the MOS FETs providing the lRgckground t hereof. 15 Despite
of 'thi s description, however, the present—+nvent|on can al so find various
“applications such as another sem conductor integrated circuit device haV|ng
a Bi CMOS (Bi polar CMOS) in which blpolar transi stors and MOS FETs are
‘mounted on .a conmon semni conductor 20 substrate. The effects to be

achi eved by a.representative one of the invention, as disclosed herein,
will: be MOS' FET 18 is electrically connected with the data ,

line 8DL through the connection hole 7 which is formed.
in the insulating film 6. The other semiconductor
region 18N2 of the transfer MOS FET 18 is electrically
5 connected With a gate electrode 19Nl of the driver
MOS* FET 19_through a connection hole 7a. Like the
semiconductor regions 18N1 and 18N2 of the'transfer:
MOS- FET 18 the (not- shown) semiconductor regions
forming the source/drain regions of the driver MOS;FET
10 19 are formed in the epitaxial layers '2E5 and’ 2E6.
| In the present embodiment 5, the impurity |
concentrations of the epitaxial layers 2E5 and 2E6 in'
.the memory cell array M are set equal to or higher
| than those of the wells 3a and 3b. Specifically, the
15 impurity concentrations of the epitaxial layers 2E5
| and 2E6 are exemplified by 1 x 1017 atoms/cm or
higher.
As a result, it is possible'to increase the.
'junction'capacity in the epitaxial layers ZES'and ZEGI:
20 between the drain region of the driver MOS* FET 19 and
the epitaxial layers 2E5 and 2E6 and to form a barrier
layer for preventing the carriers produced due to the
_electron-hole pairs by the alpha ray, as in the- |
foregoing embodiment“3, from inyading'the data holding

25 portion. Thus, it is possible to prevent_the

 This is the rep.acemont aheet

oas oaAPRm;.i--



briefly described in the following: (1) According to the sem conductor

~integrated circuit 25 -devi ce of the present invention, the lightly doped
102 epitaxial layer, as fornmed over the heavily doped flrst and second

regions, is fornmed with-the predeterntnedemlenents As a result, the

el ements can have their characteristics séf accurately without 5 " being

-influenced by the inpurities in the first region, the second region and thef
.sentconductor substrate body so that the settlng accuracy of the

reduction in the memory holding characteristics of the
semiconductor integrated circuit device hav1ng the
sran. o |
Incidentally,. the impurity concentrations of the.
5 epitaxial layers 2ES and 2E6_are_set as in the |
foregoing embodiment 3 by the3ordinary photo—..
lithography technique and.the ion impiantation
technique,'for erample, after the”gate insulating
films- 5P4 ' 5N4, 18N3 and 19N2 have been formed.
10 h Thus, according to the present embodiment 5, the
3following effects can be achieved in addition to the
effects (1) to (11) and (16) to (24), as obtained in
the foregoing embodiment 1.
Specifically,_the impurity'concentrations'of'the
15 . epitaxial layers 2ES and 2E6 in the memory'cell array
‘M are .set equal to or higher than those of the wells
3a and 3b so that the junction capacity in the
epitaxial 1ayers 2E5 and 2E6 can be increased while
forming the barrier 1ayer for preventing the carriers,
'u20"rwhich are produced due to the electron-hole pairs by
;the alpha ray, from invading the information holding
hportion. As_a'result, it is possible to'preyent the
"reductionhof the'memOry'holding characteristics. o
| (Embodiment 6) |

25 , Fig 16 is a section show1ng an essential portion

_Th__-'is"is the replacement sheet
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el ement characteristics can be i nproved. Thus, it is possible to inprove
the performance; reliability and 10 production yield of the sem conductor
i ntegrated circuit device. (2) -According to the semi conductor integrated
circuit device of the present invention, thg;predeternined elenents are
formed in the lightly doped epitaxial 15 <-ayer so that the junction :
capacity of the sem - conductor regions form ng the predeterm ned el enents
can be reduced. - Thus, it is:possible to inprove the action speed of the
sem conductor integrated circuit device. 20. (3) ' According to the
sem conductor integrated circuit device of the present invention, the
1ightly doped ©f @ semiconductor integrated circuit device according
' to a further embOdimenf of the present invention.
The semiconductor integrated circuit dévice of
_ the present embodiment 6 is a SémiCOnductor integrated
'5  circuit device having the SRAM as in the forégoing'
embodiment 5. -
In the present embodiment 6, however, in the
épitaxial layeré'ZES and 2E6 of the memory céll array
M, only the layers below the regién\to be formed with
10 the driver MQSrFET 19 and the semiconductor region
18N2 to be connected with thé g§te electrode 19N1 of
the dtivef MOS: FET 19, and their neighborhoods have
their impurity concentrations set equal to or higher
‘than those of'the wells 3a and 3b, as shown in Fig.
15 16. |
0f the semiconductor regions 18N1 and 18N2 of the
transfer MOS°FET 18, moreover, the layer below the
semiconduthr region 18N1 to be connected with the
data line 8DL and its_neighborhoqd have their impurity
20 concentrations set to 1eve1s as low as those of the
foregoing embodiment 1, and the lightly doped region
is'formed as ih'thefforégbiﬁg”embodiment_1 with a
punch-through stoppér'IBNSZ The remaining
construction is similar to that of the foregoing

'25 embodiment 5. Specifically, the layer below the

This i3 the replacement ah.it
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epitaxial layer, as forned over the heavily doped first and second regions,
is formed with the predeternined elenents. As aresult, the first region
25 ' and the second region can have their inmpurity -~ 103 concentrations
set- substantially i ndependently of the chaggcteristics of the predet ermi ned
el enents. (4) Thanks to the af orenent i oned—ef f ect (3), it is possible to

i nprove the |atch-up br eakdown voltage. 5 -Thus, it is-possible to inprove
t he perfornmance, rellab|I|ty and productlon y|eId of the sem conduct or

semiconductor region-18N1_and'its'neighborhood have
'stheir impnrity concentrations set, over and below the
punch-throngh”stopper 18N5,.to.levels.as lom'as those
| of the embodiment 1. | |
5 As a result in the present embodiment 6, the
: effects of the foregoing embodiment 5 can be attained:
Without increasing the load capacity of the data line |
8DL. SpeCifically,-it is possible to prevent both the
'reductions of the data transfer rate and the memory
10 holding characteristics of the semiconductor
:integrated circuit device having the SRAM.
| (Embodiment 7)
Fig. 17 is a section showing an essential portion
.of a semiconductor integrated circuit deVice according
15 to a further embodiment of the present invention.

The preSent embodiment 7 will be described in
connection with_the case in which the present ]
invention is applied to a semiconductor integrated
circuit device having an EEPROM (Electrically Erasable

Zb Programmable ROM) _ | _

‘In Fig 17 the righthand side shows the internal

circuit region A, and the lefthand side shows the .
- memory cell array M. |
| The construction of the internal circuit is

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

-Th%istherapmbonuntah-ﬂ
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integrated circuit device. (5) Thanks to the af orement i oned ef f ect.
i s possible to inprove the soft-error breakdown voltage. 10 Thus,
possible to inprove the performance, reliability and production y|eI
‘the 'sem conductor -integrated circuit devicgg (6) Thanks to the

af orenentioned-effect (3), the i npurity- contentratlons of the first

and the 15

"isolations so that the channel.

second region can be set to values sufficient for the e

el ement. i-solating portion to the first region and the second region.

the parasitic capacity.can be reduced to inprove the 20. action speed of
- the semi condupresentit egbaddmenity dui oo, the channel stopper 14 is

10

15

20

25

formed for the same ‘reason as that of the foregoing

embodiment 2 in. the region in Wthh the well 3b

' containing the p- type impurity of boron and the field

insulating film 4 are in contact. The remaining

onstruction is identical to that of the foregOing

| embodiment 1.

" The memory cell array Mis arranged with a _.-'

plurality of memory cells MCl. The memory cell MC1l of

this case is composed of the following components. - f

Specifically, the components_are. a pair of.

. semiconductor regions 20N1 and 20N2 formed over the

epitaxial layer ZE,and,spaced from each other; a gate

~ insulating film 20N3 formed over the epitaxial layer

2E; a floating gate electrode 20N4 formed over the
gate'insulating'film 20N3; an insulating film 20&5_
formed-over thelfloating gate electrode 20N4; and a
control gate electrode 20N6 formed over the insulating

film 20NS.

The semiconductor regions 20N1 and 20N2 are doped
- with an n-type impurity of phosphor or arsenic. The
- impurity concentrations of the semiconductor regions

'20N1 and 20N2 are preferably exemplified by 1 x 102°

atoms/cm .

The semiconductor regions 20Nl and 20N2 are ‘made

(3),
it is
d of

reglon
| ement

st opper can be elimnated by extendlng t he

Thus,

Thhnstherephoomcnllhnot
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device. (7) Thanks tolthe_aforenentioned effect (3), the puhch-through

breakdown voltage in the sem conductor substrate body can be inproved to

reduce the 25 thicknesses of the first region and the second region.

104 Thus, it is possible to reduce-the thesg | treating time period

drastically for formng the first region and the second region. (8)

- According'to the sem.conductor integrated circuit 5 . device of the present

‘invention, the lightly doped IR _ : ' '
so deep as to fall within the.range'of'the thickness
of the epita#ial layer Zﬁ. One semiconductor region
20Nl is electrically formed mith.the data line_BDL
through the connection hole 7 which is formed in the

l5 insulating film 6. | | | |

| "~ The floating gate electrode 20N4 is an electrode
for storing the charge to contribute to the storage of
information., The control gate electrode 20N6 is an
-electrode for controlling storage and discharge of the

10f charge to contribute to the information storage. Both
the floating gate electrode '20N4° and the control gate
electrode 20N6 are made of 1ow-re51stance poly—
_silicon. |

Here in the present emhodiment 7, the epitaxial

l5 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 107 atoms/cm or more.

20 | Incidentally, the impurity concentrations of the
epitaxial layers 235 and 2E6 are set by the ordinary
photolithography_technigue and'the ion implantation :
technique, for example, after-the gate insulating_
£ilms 5P4, SN4, 18N3 and 10N2 have been formed as in

25 the foregoing embodiment 3.
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epi taxial layer, as fornmed over the heavily doped first and second regions,
is formed with the predeterm ned elenments. As a result, the first region
“and 't he second region can have their inpurity 10 concentrations set
substantial I'y i ndependently of.the characteristics of the predeternined

el ements. Thus, it is possible to fadlit;me the control of formng the
first region and the second region. (9) . According to t he seni conductor:
integrated circuit 15 devi ce of the present i nvention, the el ement
|solat|ng portion is formed into the channel shape. As a result even.if

th taxial | d hick, the el g
(e EPL el |yt 2SRRI Bl ohhe SR SRR 10 portion

epitaxial layers 2ES and 2E6 in the.memory cell array
'_M.are'set equal tolor_higher than those of the wells.
3a’and13b;_it is_possible to inorease-the junction
5 capacity:in the epitaxial layers 2E5 and 2E6.
(Embodiment 8) o
Fig. 18_is'a_section showing an essential-portion
of a semiconductor integrated circuit deVioe according
_ to a further embodiment of the present invention and
10 "Figs. 19 to 23 are sections showing an essential
: portion of the semiconductor integrated circuit_device
of Fig. 18-at manufaoture Steps. | |
In the present embodiment 8 the element
isolating portion.has a channel structure,.as shown in:
15 Fig. 18. The remaining'constructiOn islsimilar to
that of.the foregoing embodiment 1.
;An element'isolating portion 21 is formed by
- burying insulating films 21b and 21c in a channel 21a
which is formed to reach the wells 3a andlsb of the
' 20 semiconductor substrate 2. The insulating f£ilm 21b,
as-formed on tneISurface Of'the channel 21la, is made g
of Sioz; for example, by the thermal oxidation method
.or the like. The insulating film 21b has a thickness
of.aboutpl,OOO angstroms, |

25  The reason why this insulating f£ilm 21b is formed
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20 el ement form ng regions can be forned without increasing the area
occupi ed by the elenent isolating portion. In other words, the _
sem conduct or |ntegrated circuit device can cope with the structure haV|ng
a thick epltaX|aI | 'ayer.. 25 (10) Accordipg to the semi conduct or

i ntegr at ed 105 circuit device of the present invention, the |nsulat|ng
filmis formed by the thermal oxidation method on the. surface of . t he
channel for the el enent |solat|ng portion. As a result, it is possible to

by the thermal oxidation method is as follows.
Specifically, the surface of the channel 21a is a
portion.to come_into direct contact With the
' semiconductor substrate body.ZS and,the junction of
5 the wells 3aiand 3b and exerts-serious influences upon
the element charaCteristics.' In order to protect that
portion, therefore, the insulating film 21b is formed
by the thermal oxidation method for providing an
excellent £film quality.
10 - On the other hand the other insulating film 21c
in the channel 2la is made of SlOz, for example, by the
_ SOG (Spin On Glass) method or the like. Incidentally,
the method of forming the insulating film 21c should
not be limited to the SOG method but may be
.l5' .exemplified by the CVD method.

Next, the process-for manufacturing the
semiconductor integrated_circuit device of the present
embodiment 8 will be described with reference to Figs.

'18 to 23. - |
20 First of all as shown in Fig. 19, the epitaxial
layer 2E of the semiconductor substrate 2 is formed |
'thereover with a photoresist pattern 13b for exposing
the element isolating region by the photolithography
technique._ At this stage, no impurity is contained in

25 the epitaxial layer 2E. Moreover, the semiconductor
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5 satisfactorily protect the epitaxial .layer in the channel, the

sem conductor substrate body,.and the junction portion.of the first and
second region. Thus, it is p035|ble to inmprove the perfornance, rellablllty
and production yleld of the sem conductor 40 - integrated circuit device.
(11) According to the semiconductor integrated circuit device of the =~
present  invention, the epitaxial layer, as equipped with the MS FETs, 'is
formed at a predetern1ned depth with the ei'ghth-region for the 15. '
punch-through stopper. .As a result, it .is:possible to prevent the

punch-t hrough phenonenon bet ween the sources .and drains of the MS FETs.

Thus, it is pSsPTHBES hf‘?ﬁ‘ifo%% :‘e%ef%}‘?@)rmv?’él‘?”aﬁ‘l the uayls
| 3a and 3b._

Subsequently, this photoresist pattern 13b is
. used as the etching mask to etch off the epitaxial
5_ layer 2E and the upper portions of the semiconductor
‘substrate body ZS as exposed from the photores1st
pattern 13b, by the dry-etching method, for example,
thereby_to-form_the channel 2la in the element
isolating'region,aas shoWn.in Fig. 20.
10 .After this,.the semiccnductor_substrate 2 is
Subjected to the thermal oxidation treatment for
' example, to form the insulating £ilm 21b of S:LOz haVing
a thickness of about 1, 000 angstroms over the
principal plane of the semiconductor substrate 2
.'15 formed w1th'the channel 2la, as shown in Fig. 21.
After this,-. the -insulatin'g film 21c made of.SiOz,
for example, is deposited on the insulating film 21b
by the SOG method or the like, as shown in Fig. 22.
After this, the insulating film 21c has its upper |
20 -portion SO removed to flatten the upper surface of the
semiconductor'substrate 2, as shown'in Fig.'23 by the
etch-back method or the CMP (Chemical Mechanical
Polishing) method that it may be left only in the
channel 21a. Incidentally, the subsequent steps will

25 not be described because they are Similar to those of
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production yield of the sem conductor integrated 20 ' circdit device. (12)
According to the sem conductor integrated circui't device of the pr esent
~invention, the epitaxial layer in.the el'enent formng.region for the
el ectrostatic protection circuit attached tyg the input 25 circuit and the
 power supply has its inpurity 106 concemtration set equal to or higher
~than that of the first region. As a result, it is possible to elinmnate
‘the deviation of the ninority carriers of ' ' : '
the foreg01ng embodiment 1.
| Thus, according to the ‘present embodiment 8, the
follow1ng effects can be achieved in addition to those -
ohtained'in the foregoing embodiment 1.
5 (1) Thanks'to'the channel structure; the element
'fisolating portion 21 can:he easily formed_even if the
‘epitaxial layer 2E is thick. :
(2) Thanksnto the Channel structure, the element”
uisolating.portion'zl can be formedgwithout enlarging
10 its:occupation area so that the degree of integration
| of the elements can be improved;
(3) Thanks to the channel structure of the'element
isolating portion 21, the chip size can be made
smaller for the same number of elements than that of
15 the case in which the element isolating portion is
formed of a field insulating film. .
(4) Since the channel Zla forming the element
isolating portion 21 is formed on its surface with the
insulating film 21b by the thermal oxidation method
20 - the'epitaxial.layer ZE in the channel 21la, the
' semicOndnctor_substrate hody 25 and the junction of
the adjoining wells 3a and 3b can he.SatisfactOrily
protected to'improve'the reliabilitﬁ and production
yield of the-semiconductor integrated circuit device

25 1.



t he base fegion at the'operating time of the bipolar 5

transi stors for

the electrostatic protection circuit and to prevent any |ocal current
concentration in-that epitaxial layer. As a result, the current can be
uni formy established ih:the.colIeCtor/bas§5junctions of the bipolar
transi stors thereby to prevent the 10 reduction of the electrostatic
breakdown voltage of the electrostatic protection circuit. Thus, it is
possible to inprove the performance, reliability-and production yield of

t he sem conductor integrated circuit device. 15 (13)

According to the

~sem conductor integrated circuit device of the present invention, of the
epi taxial |aydr5) t thamks ak@ aFheaghannalt atruefuss of the element -

isolating portibh.ZI, the flatness of the upper

surface of-the semiconducto: substrate 2 can be

dréstically improved to improve the transfer accuracy

5 = of the wiring pattern thereover and the wiring

reliability. As a result, it is possible to improve

the reliability and the production yield of the

semiconductor integrated circuit device 1.

(Embodiment 9)

10 ' Fig. 24 is a section showing an essential portion

of a semiconductor integrated circuit device according

to a further embodiment of the present invention.

In the present embodiment 9, as shown in Fig. 24,

the element isolating portion 21_is'fdrmed-of a field

15 insulating film (or second oxide film), and two

semiconductor fegions 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 that of the foregoing

20 .embodiment 1.

These semiconductor regions 2le and 21f are

'extended from the igwer face of the field insulating

£ilm 214 to the upper portions-of the wells 3a and 3b._

The semicdndﬁctor region (or third region) 2le

25 over the well 3a is doped with an impurity of the same
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formng the menory cells has its inpurity concentration.set to a value

hi gher than.that of the 20 . epitaxial layer in the elenment form ng region
for the internal circuit. As a result, it is possible to increase the
junction capacity of the epitaxial l|ayer anggto formthe barrier layer for
preventing the carriers, which are produced—due to the electron-hole 25
pai rs by the al pha ray, frominvading the information 107 hol di ng
portion. . As a result, it is-possible to prevent'the drop of the nenory
hol di ng characterlstlcs S ' o

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) 21£ over the well 3b is doped with an

5 .impurity of the same conduction type as that of the'

| :impurity contained in the well 3b such as a p- type
.impurity of boron.

Such element isolating portionl21 is.formed by
the following manner. First of all the'regions for
'lO ' indiv1dually forming the semiconductor regions 21e and
21f are doped with ind1v1dual impurities for the
element isolations by_using.the (not-shown) different
photoresist patterns as the¢masks..
| | SubseQuently, the semiconductor'subStrate 2 is
.is formed thereoyerywith'the(not—shown) pad'film'of Sio,,
-for example,,by_the thermal oxidation method or the
like, and this pad £ilm is formed thereover with the.
(not-shown) oxidation—resiStant'insulating £ilm of
'SiﬁN., for example.
20 _ After this, of the pad £ilm and the oxidation—

' resistant. insulating film, the portions of the element
isolating regions are removed by the dry- etching |
-method or the like to expose the epitaxial layer 2E._.
‘After this, the semiconductor substrate 2 is subjected

25 to the LOCOS oxidiZing treatment to form the field

“This is the replacement sheet
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of the sem conductor integrated circuit device having the nmenory cells.
Thus, it is possible to inprove the 5 performance, reliability and

production yield of the sem conductor integrated circuit device. (14)

According to the sem conductor integrated cjpcuit device of the present
i nvention, of the epitaxial layer, the epitaxial layer in the nenory 10
cell formng region has its inpurity concentration set, only bel ow the
sem conductor region other than that to be -connected with the data |ines, -
to a value higher than that of the epitaxial layer in the elenment formnng

region for the IRLeLpRhaCELSH! b1a BRa%thEStb sdficohliubtoROsalilad o

prevent the drop o Menor y Ng Characteri sthcs Wt i ncreasi ng
the | oad 2le and 21f below the former.

: Thhé, accordiﬁg to the present embodiment 9, the
following effects can_be'achieved in additibn to the
5 effects (1) to (11) and (16) to (24), as obtained by
the foregoing~embodiment 1. |
Specifiéallyf-the element isolating portion 21 is
formed of theufiéidiinsulating film 21& and the two -
semiconductor regions 21e and 21f of different
10 condﬁction types fdrmed below the field insulating
| film 214 and adjacent to eéch-other. As a result, the
eleﬁent isolating éoftion_Zl can be easily formed eveh
if the eéitaxial layer 2E is thick.
| (Embodimenf 10) |
15 Fig. 25 is' a sgctioﬁ showing an essential portion
of a semiconductor intégrated circuit device according
to a'furthef embodimént.of the pfesent invention.
In the present embodiment 10, as shown in Fig.
25, the élémént'isolating pdrfion_zl is formed of two
20 -semiconductor regions of different conduction.types_
;arranged adjacént to each other. |
These'two.éemicondﬁctor regions 21lg and 21h are
extendéd_to reéch'from the principal plane of fhe .
~epitaxial laye:_ZE_to the upper portions of the wells
25 32 and 3b. |
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capacity of

per f or mance,

the data line. Thus, it is possible to inprove the

reliability and production yield of the sem conduct or

integrated circuit device. 20 (15) According to the sem conductor
integrated circuit device of the present ifyention, the thermal treatmnent

is done for-

recovering the danmage after the—lnpurlty i ntroducing -step,

followed by formng the epitaxial layer, so.that the crystal defect of the
. 25 sem conduct or. substrate ‘body surface | ayer can ‘be - 108 reduced'to
recover the damage. As a result, it is '

10

15

- 20

25

The semlconductor region (or fifth reglon) 21g
over the well 3a is doped with an impurlty of the same
conduction tybe,as thet of the iﬁpurity contained in
the weil 35, 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 conduefion'type.as that ef the impurity
contained'in the well 3b, such as e p-type impurity of
boron. o | | |

_ Such eiement'isolating.portion 21 may be formed,
.for example, by.doping_the regions for individually
forming the semiconductor?regione Zig and 21h with the
individual element.isolating impurities by the (not-
'ehown) sepatate photoresist_patterns and then by
treating the semiconductor substrate 2 thermally.

In-the.present embodiment 10, moreover, the |

epitaxiai.layer 2E has itsjupper surface coated with
an insulating.film 22 which is formed by the thermal
oxidation method or the like. ‘As a result, it is
possible to protect the epitaxial layer 2E and the
Junction of the adjacent ‘semiconductor reglons 21g and
21h. - | | |

| Thus, aceording to.the present embodiment 10, the
follewing effectsfqah be aehieved_in'addition to the

effects (1) to (11) and (16) to (24), as obtained by

.Thwﬁstherepmmﬂﬂwntsmuﬂ
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possible to formthe epitaxial |ayer having an excellent crystallizability.
Thus, it is possible to inprove the performance, reliability and production
5 yield of the sem conductor integrated circuit device. (16) According .
to the semconductor integrated circuit devigce of the present invention,
prior to the thernmal diffusion treating step-for formng the first region
and t he second region, the cap filmis forned 10 over the epitaxial |ayer
so that the first inpurity and the second inpurity can be suppressed from
diffusing into the diffusion furnace during the diffusion treating step
whil e preventing the.epitaxial |layer frombeing doped with the inpurities
havi ng 15 (ﬁﬁh%s@@r999ﬁﬂg emb°ﬂ§m9§§sﬂble to inprove the

(1) since the element isolating ‘portion 21 is formed
of the semlconductor_reglons 21g and 21h, the flatness.
of the upper surface of the semiconductor substrate 2
5 can be drastically improved to improve the transfer |
accuracy of the w1ring pattern over the semiconductor
substrate 2 and accordingly the wiring reliability.
As a result it is possible to improve the reliability
and production-yield of the semiconductor integrated
10 . circuit device. |
(2) sSince the epitaxial layer 2E has its upper
sﬁrfaqe coated with the insulating film 22 which is
formed by the thermal-oxidation methoa, the epitaxial
.layer 2E and the junction of the semiconductor regions_
15 21g and 21h'can be’satisfactorily protected to improve
the reliability and production yield of the |
' semiconductor integrated'cireuit'device,
(Embodiment 11)
~ Figs. 26 to 29 are sections showing an essential
- 20 portion of a semiconductor integrated circuit devicel
at manufacture steps according_to a'further embodiment
of the present invention. - |
The present:embodimeht 11 is a modification of
the well forming methed, as”described in the foregoing

25 embodiment 1 ahd:so on. The process for manufacturing
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accuracy of setting the inpurity concentration in the epitaxial |ayer. (17)
Thanks to the aforenentioned effect (16), the electric characteristics such
as the resistivity in 20 - the epi taxi al layer can be prevented from - '
fluctuatlng to inprove their setting accur@@y. Thus, it is possible to
inmprove the performance, reliability and production yield of the

sem conductor integrated circuit device. . an el ement isolating |sulat|ng

filmforned in said expltaX|aI | ayer and extndi-ng to sald first
sen1conductor regi on;

the semiconductor integrated Circuit deVice of the
present embodiment_ll will be described With_reference
to Figs. 26 to 29i' | . : |

| Fig. 26 is a section show1ng an essential portion

5 of the semiconductor substrate 2 in the semiconductor
| 1ntegrated Circuit device manufacturing process of the

present embodiment 11. Over the semiconductor '
substrate body ZS;'there has already been formed the

_'non-doped epitaxial;layer_ZE by the same method as

10 that of.the foregoing embodiment 1.

'Over.the epitaxial layer ZE; moreover,'there_is-
formed'a photoresiSt'pattern 13c for exposing only one
well forming region to the outside. This photoresist
pattern 13c is given a thickness of about 2 um to 3

15: pm. | |

First of'all ~ this semiconductor substrate 2 is
implanted with ions of an n—type impurity of phosphor,
for example, by a high energy by uSing the photores1st
.pattern 13c as the etching pattern.

20 ‘The ion implanting energy at this time is as high
| as to bring the n-type impurity ions to the upper
portion of the semiconductor substrate body 2§, such
as 300 KeV to 800 KeV, preferably about 450 KeV.
'Moreover, the dosage at this time 1s exemplified by 1

25 - x 10" to 3 x 10 ions/cm?, preferably 1.5 x 10% 1ons/

Thkisthejephcbmoniahoei.
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a gate insulating filmof a M SFET including an oxirde filmwhich is formed -
by thermally oxidizing said epitaxial |ayer and which is on said epitaxial
layer; a gate electrode of said M SFET forned on said gate insulating a
pair of second semi.conductor regions fornedgiin said llayer to construct the
source/drain regions of said M SFET whereimsaid epitaxial |ayer has

t hi ckness | arger than said second senmi conductor regions, wherein said

epi taxi al layer has an impurity concenfration |ower .than that of said
first sem conductor regions; and a third senmiconductor region forned at a
p05|t|on of a.émedetern1ned depth in said epitaxial Iayer to have a | '
-conduction type opposite to that of said second seniconductor regions and -

an inpurity Cocncenswseqaehvcgberthaaghbha&es&s&apdteeh:hama lls':lyer such .
that a -of said epitaxial layer
removed and a photoresist pattern 13d for expOSing
only_the_other_well forming region is formed, as shomn
5 in'Fig.y27; After'this this photoresiSt pattern 134
| is used as the mask to implant the semiconductor'
' substrate 2 With the ions of a p-type impurity of
boron for example, by a high energy.
The ion implanting energy at this time is as high
10 as to bring the p-type impurity ions to the upper
-.portion of the semiconductor substrate body ZS- such
‘as 150 KeV to 500 KeV preferably about 200 KeV.
'Moreover, the dosage at this time is exemplified by 1
X 1013 to 3 x lO“'ions/cm, preferablyll.S x 10% ions/
15  cm?. | | - o |
- After this;ithe semiconductor substrate 2 is
subjected to'a thermalttreatment to form the wells 3a
and 3b in the upper portion of the semiconductor
substrate body 28 and in the 1ower portion of the
20 epitaxial layer ZE as shown in Fig. 28. | |
- "After this, the field insulating £film 4 is formed |
_'in the element isolating region as in the foregOing
embodiment l by the LOCOS ox1dation method or the |
_like; as ‘'shown in Fig 29. The subsequent steps will

25 not be described because they are similar to those of
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positi oned over sald third sen1conductor region and a portion said
| ayer positioned under said third sem conductor region have an

epi taxi al
i mpurity

concentration |ower than that of said third sem conhduct or
wherei n a nmaxi num

than the depth of said second sem conductor—tegions. wherein said th

sem conduct or

sen1conductor regions so as to contact with said second sem conducto

regi ons.
to claim
heavi l y

2 (Anended) A sem conductor integrated . circuit device acco

_ _ .region,
i-mpurity concentration igg formed at a position shall ower

ird

region is so forned at a position shall ower than said second

r
rdlng_

ngreégkgaglngf gggi%gg%ng seniCondUCtor region.includes a

_Thus, the present embodiment 11 can achieve
effects Similar to.those_of the foreg01ng embodiment i

1-.

5 _' (Embodiment 12)

: Figs. 30 to 33 are sections show1ng an essential

pbrtion of a semiconductor integrated circuit device

at manufaCture steps according to a further embodiment

of the present invention.'

10 ' The present embodiment 12 is a modification of

the punch-through stopper forming method as described o

in the foregoing embodiment 1 and so on. The process
for manufacturing the semiconductor integrated circuit

device of the present embodiment 12 w111 be described

15  with reference to Figs. 30 to 33.

However the present embodiment 12 can be'applied

to the case, in which there is no well having the

: conduction type opposite to that of the semiconductor

substrate body, that_is, to the process for

20 manufacturing the:semiconductor_integrated circuit

device having MOS' FETs of either'an n-channel or
pkchannel type;'” | |
~ Fig. 30 is a section showing an essential portion

of the semiconductor substrate body 2S in the process

'”25' for manufacturing the semiconductor'integrated circuit
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doped region and a |ightly doped regi on between said heavily doted.
region and a channel formng region of said MSFET 3 (Amended), A

- seni conductoe. i agated vircnit dgv fe ;ascording to cgla dirc it, 'a.
,COp i wherein:said third sem cogductgg rion 'hasr 4 Sal;ad in um

i "iluritX coacentration 1pori4ad- itj*pogsttidon.' rhafl:. .ian th pairod -
gOVISAG in S ;A W |- AIf, t-On ~ mo~- )1t~or r.;in-in oid. FF~TI

4 g'lt the dth of said |dtwi doged reglgn : : : _
- ; 4 (Anended). A seniconductor inptgrated circuit, device according to

ol P e prdednd phdapah e s spatoghen Lon Tl 1
San semiconductor substrate body 28, ‘there has already '
been formed a non-doped epitaxial 1ayer ZEa by the

same method as that of the foregoing embodiment_l.a
5 . .y First of_all, over the epitaxial layer'ZEa, as
shown in.Fig;.Sl, there'is grown an epitaxial layer
2Eb, as is made of single crystalline Si doped with a
p-type impurity of boron, by the CVD method (or '
: epitaxial method) This epitaxial layer 2Eb is used

10 as the punch- through stopper.
| Subsequently, over the epitaxial layer 2Ea, as
shown in Fig. 32, there is continuously grown an’
epitaxial layer ZEc which is made of non-doped single
crystalline Si.,-

15 ' After this, like the foregoing embodiment 1, the
element isolating region is formed with the field
insulating_film,4, for example, by the LOCOS oxidation
method, as shown-in Fig. 53._'At the subsequent steps,
a predetermined_semiconductor integrated circuiti

‘20 device may be manufactured'according to the ordinary
MOS* FET manufacture prooess. | |

Thus, according to the present embodiment 12 the
.following effects can be achieved in addition to those
of the foregoing embodiment 1. _ R

25 Specifically, the impurity introducing step for
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seai conduct or substrare body an d havink a zonductivit 't. .0 e-Msite to
~ilat of said first sen1conductor region ;nd an epitaxial l|ayer formed.
OM opnduo~r 'eibstrale boy;- : o ' S

~~7~~f~~~~~~~~~~~~~~~~~~~~~~~~~+~. *a' oaigg|lo "n v ‘won
sai-d fourth- 'sem conductor regj on and havrng al | Wr |npur|ty concentratlon .
than that of said fourth ."'sekiicowductor. region, - ' Zz5 1 X

- .;-lwa4; omt- iheet. 12 2 hK)ls Eavv*~~~~f~f~~~ v b. 111 C L~~~

forming the punch through stopper can be eliminated by
forming the punch through stopper by the epitaXial |
‘growth. As a result, the control for the impurity
introduction.can“be eliminated to facilitate.the-

5 manufacture.of'the semiconductor integrated circuit
device. | | |

'..(Embodiment 13)' |
Figs. 34 to 402are sections showing an essential_

portion of aisemiconductor:integrated circuit deuice

10 at manufacture'steps according to a further embOdiment

| of.the_presentainvention. | |
lnICOnnection'with the present embodiment 13, one
example of the well forming method will be described
with reference to Figs. 34 to 40. _

15 First of all as shown in Fig. 34 the
semiconductor substrate body 2S has its principall
plane formed.thereover by the thermal'oxidation method
_or_l thé 11k§ wi_t_h__an insulating film. of Si0, or the -
like, on which is deposited'an insulating.film of Si,N,

20 or the like by the CVD methOd or the like. of this

: insulating film, moreover, the n-well forming region
is removed by the photolithography technique and the
etching technigue to form_the insulating film patterns
11a.and 11b.-'Incidentally,.the semiconductor :

25 substrate bodyzzs_is'identical to that of the
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A f L.a ALk;

--ha as* s. . aid *-AF, ,wherein said first. sem conduct or

regitn andu said fourtl. iemnconductor reglgn are formed adj acently to each'

oi her to form PN judetotr.

sai d fourth keriicondnkdt rgion, and whereigg said el enent isolating

insuljting..

"t4h 4.

(Anended).

wherein said
~dten'e8 tranc

between a nd stid fist sem conductor region and

filnmh is .1binea je rach said—=—ffrst semi conductor region a nd
stid fourth senllcondudtot regia .sucb thac ul4. PN junction term nates at.

bottoni poztion 'obfsald Cl emenc.isdlting insulating film

A sem conduct or |ntegrated circuit ddéd aqording to .claii 4,
el eent. 1 so ting filmis forined- in a4 .
%£§§§%ﬁigéﬁ%°8??ﬁ % upper' p6rwin of said- senlvpbaducLor

substrate body. (-6'ﬂ@@eﬁﬁémfyf%Lsgadkﬁgeiatiﬂggmﬂ phkklichs 1YsC®

rdg to.

10

15

- 20

25

and 11b are used as the masks to implant the principal
plane of'the-semiconduotor substrate body 2S with the

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

impurity. The accelération voltage at this time is

_ exemplified'by about 120 KeV, and the dosage is

ekemplified by-about 1 x 10** ions/cm?.  Incidentally,

reference characters 3a1'indicates the region which is

- implanted with the n-well forming 1mpurity

After this, the portion, as exposed from the

insulating film patterns lla and 11b, is formed with

'the insulating'film 12,'as'shown in Fig. 35, by

thermally oxidiZing the semiconductor substrate body

- 28. Here, this thermal oxidation is done under such

- conditions (e.g., temperature or time period) that the

well forming netype impurity.introduced into the
semiconductOr substrate'body.2s'may not diffuse.
Subsequently, the insulating film pattern'llb 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

_pQWell forming impurity such as the-pftppe impurity;of

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

this time, the acceleration voltage is exemplified by

This is the replacomont ihnt :

Date: T3 APR 005 -



wherein said elenment isolating inJuklSting 'filmiDctid@4 "M It e-1

Aei .wgls ehifc filmfornmed on ' aurac .t s aid :-chtilm/ tr.y
a *t mal oxidation nethod, . L e
~ ., : ' s ' ;I' Bs(Anended) A sen1conductor
‘inzigrated ciruit 4ev-~ce. a900d|ng to ~I= o . o
S a o | L s 'L "w
wherein, of said epitaxi .Iayer,-the*4|ta2|l L4ydr. nin r $cnent foprtizig

region for an electrostatic jpr'tidon: CIrCUIt [;54a d o This is the
replmona t heebou&§60 KeV and«%he dosage is exemplified by about 8

x 1012 ions/cm . Incidentally, reference characters
'3b1 indicates the_region whichfis-implantedlwith the
.p-well forming impurity. | o | “
5 - Subsequently, the 1nsulating film pattern lla and
the insulating £ilm 12 are removed as shown in Fig.
37, and the semiconductor substrate body 28 is then
subJected to a thermal treatment. However, the
thermal treatment at this time is intended primarily
le “to reCover the damage due to the implantation of the
ions of the well forminggimpurity. 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 pcrtion of
l5f' the_semiconductor substrate_body 28.
fconsidering‘this, the treating conditions are as
follows, although they cannot be generally specified
because they are'different_depending'upon the products
or the like. .That is: the treating temperature is
-20. exemplified by 900 C to 1 100 C, the treating time
- period is exemplified by 10 min. to 60 min.; and the
.treating atmosphere is preferably exemplified by one '
containing a- small quantity of O2 gases. |
- AS described above ‘the semiconductor substrate

25 body 2§ is subJected to the thermal treatment before

~This is the replacement aheet
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*C L M S

I ' 112 r ai |nput circlult [_

- _.ad a pomer circuit ‘are to sG tornedbta. S inipurity Xoiefitretion. set

equal 16 hi

gher than that .of-said first sen1couttuctor r 8, 8

(Arrended) . A S n1C|chtcgor i et ogruted C|rcgvt divjcz -|dpl*1r|ng fo Clglln

Ay, ~ ~ ~
C ,

, .. wherein
-'seni‘conduct or
said epitaxial,
has its inpurit

4..-_411 |

4 ¢~~~ asxXL 4 . e S e i e e e e ! :

an analog circuit is conce byt 4ing ;sai dM SFET. 9 - A
I nt egr at ed CIrCUIt deV|ce accordlng to cIa|n14 wher ei n, of

48 BFaahiLBTr SRR B, R, S0, 0 o

layer. As a result the crystal ‘defect in the surface'

'layer of the semiconductor substrate body ZS due to

' the ion implantation of the well forming impurity can

10

be reduced to recover the damage so that the epitaxial

layer of excellent crystallizability can be formed

over the princ;pal plane of the semiconductor

substrate body 2S.

. After this, the semiconductor substrate body 28

_ is subjected to the CVD treatment (or the epitaxial

. growth treatment) or the like at_SQO.C to l,OOO ol by

using the SiH;igases and the Hg'gases, for example, to .

form the epitaxial'layer 2E of the non-doped singley

crystalline Si,'for'example,-over the principal plane

15

of the_semiconductor substrate body 2S, as shown in
Fig. 38. Thus, there is formed the semiconductor

substrate 2 in which the epitaxial layer 2E is

'laminated over the semiconductor substrate body ZS.

20

This epitaxial 1ayer 2E is given a thickness of

‘about 0.3 um to 3. 0 pm and a specific reSLStance of

about 200 to 500 Qcm. It is sufficient that the

'impurity concentration of the epitaxial layer 2E is

_lower than that of the wells.

25

Next, the semiconductor substrate 2 thus formed

is rinsed with an HF liquid or the like. After this,

This is the replacement sheet
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layer in an element formng region for an internal circuit. s' 44e

" . 10 (Arended). A sen1conductor | pt egrat ed.

ldICIIC bdM M accordlng to i~amd, *inN 4,

wherein, of said epitaxial |ayerggwf '*: Laya X i &nennry
cel | f6main
hpi conduct or

higher than that of the epitaxial. layer in -the. wknent " g ‘far as

* *

i nternal

10

-fhi

region has its inpurity concemtration 'e, bgjW-q 4tbC '
rdglion Jeth. as Qal to be connektd& Wdi a data I t.Ral ke

It the replac*nme*Qt eheet s: - 2.2-NOV 9
the semiconductor substrate 2 is subJected to a

.thermal oxidation treatment for example, to-form a

'capping insulating film 23 of SlOz, for example, over

15

the epitaxial layer 2E as shown in Fig. 39.
However, the thermal oxidation at this time is
done under such treating conditions.that the well
forming n-type, as introduced into,thegsemiconductor
substrate bodp.zs, mill not diffuse. In thislcase,

too, the treating conditions'are as'follows, although

they cannot be generally specified because they are

difference according to the de31gn conditions.
Specifically, the treating temperature is exemplified
by 850°C to 950° C and the treating time period is.
exemplified by about 20 min.

This capping insulating film 23 is one for'
preventing the'impurities in the well forming doped
regions 3a1 and 3bl and so on:from diffusing at_the

later-described well diffusion step from the

'semiconductor substrate 2 into the difquLOn furnace

20

_ to dope the epitaxial_layer ZE (as called the

“auto-doping'phenomenon")

Thanks to the capping insulating film 23 it is

-possible to suppress the diffusion (as called the

25

"out- difquion phenomenon“) of the 1mpur1ties of the

well forming doped regions 3a1 and 3b1 at the well

~ This i.s the. _rep:‘aaorno;wt lh.st _
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11. A seniconductor I ntegrated circuit device according to claim9, mhereln
said menory cell 'is a nmenory cell of a dynam c random access nenory, a
menory cell -of a static random access nenory or a menory cell of a read
only nmenory. 12. A semiconductor integrateg@gCircuit device accordlng to
claim4, wherein-said epitaxial layer is egtipped with nenory cells of a-
dynam ¢ randon1access mermory, and wherein the epitaxial |ayer bel ow the
‘seni conduct or -region for the source/drain connected betmeen a transfer MOS -
FET and a capaC|tor ‘as : -

diffusion step and to prevent the epitaxial layer 2E
from being doped by the impurities having diffused._
As a result the impurity concentration setting
accuracy of the epitaXial layer ZE can be improved to
.5 improve the setting accuracy of the reSistiVity or the
'like in the epitaxial layer 2E. |
However the method of forming the capping
insulating £ilm 23 should not be limited to the
thermal oxidation but can be modiried in various
10 manners such,as the'low-preSSure CVD method or the :
¢plasma CVD method,'yin_these_cases, the treating
.temperature_can he.lower than that of the case-of the
_thermal oxidation. In.case.therlow-preSSure_CVDr
method‘is used, 'for example, the treating temperaturey
l15 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
_20 impurities are caused to diffuse into the epitaxial
layer 2E such that the 1ightly doped epitaxial layer
2E having a thickness of about 0 3 pm is left in the
surface layer. |
Consideringithis,'the treating conditionstcannot

25 be generally specified but as follows, although they

* This is the replacement shest
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construct said nenory cells, has-its inpurity concentration set to a value .
hi gher than_that of the epitaxial |ayer bel ow the seniconductor region for
the source/drain, as connected between said transfer MOS-FET and the data
line. 13. A sen1conductor |ntegrated ci rcuigp devi ce according to claim4,
wherein said epltaX|aI | ayer is equipped with menory cells of a static
random access nmenory, and wherei n the epitaxial |ayer below the :
sem conductor region for the: source/ drai n connected between a transfer
MOS-FET and a driver MOS-FET, as This |s t he repanent sheet bes . 2. .9WMa

'8 _ _,are different depending upon the product designing
| | conditions such as the thickness of the epitax1al
.layer the depth of the well diffusion layer, the
-boundary of the adJOining well and the_length to be
5 “1eft with the lightly-doped region. 'épecificallyt the
treating temperature is’ exemplified by 1 200 o} the
treating time period is exemplified by about 1 hr. to"
3 hrs.;'and the-treating atmosphere:is:preferably
exempl:.fied by an atmosphere of N2 gases. _ |
| 10 After this the capping 1nsulating film 23 is
removed and the semiconductor integrated Circuit
- device is then manufactured at the steps similar to
those of Fig. 7 and later of_the foregoing embodiment.
1.- | .
15 | Thus;_according to the present'embodiment 13,'the_
- following effects can be achieved'in addition to those
obtained by'the foregoing embodiments 1 and so on.
(1) Prior to the step of forming.the epitaxial layer
ZE, the semiconductor substrate body 2S is subjected
20 to the thermal treatment for'recovering the damage of
the semiconductor substrate body ZS due to the ion
'implantation of the well forming impurities. As a
result, the'cry$tal defect,of'the surface layer of the
semiconductor[substrate body 25 can be reduced to

- 25 recover the damage so that the epitaxial layer 2E

This is tha {ejnacement sheet
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.~~0 ac Il 111111! 1111L1 "111F St 114 construct said nenory cells, has
its inmpurity concentration set to a value higher than that of the epltaX|aI
| ayer bel ow the sem conduetor region for the source/drai.n, as connected
between said transfer MOS FET and the data élne 14 (Anended) A process
fl o a stnkondui vtor intekla045 cikuc deV|ce,_ ;;(a) the step of doplpg a
sem condndi bar substrate. ‘bpd' :itlc a.first imnpurity; _
" b)) the step of dopig said sdniofictor atibtral fr.&dy. *;t a second -
'having excellent crystallizability can'be formed.
(2)'_Prior to the well diffusion.treating step,.the
cappingginSulating:film 23 is formed over the o
epitaxial layer 2E so that'theiauto;diffusion
-5 phenomenon-of the impurities at'the diffusion treating_
| step can be suppressed while preventing the
auto- dOping phenomenon. As a result it is poss1ble.
to improve the setting accuracy of the impurity
concentration in the epitaXial layer 2E..

10 (3) .Thanks_to the aforementioned effect (2),:the
fluctuation_of_the'electric characteristics (e.g.,'the
resistivitv) of'the epitaxial layer 2E due to the
auto-doping phenomenon can be prevented to improve the
setting accuracy of the electric characteristics.

_15 (4) Thanks to the aforementioned effects - (1) to (3),_. o
.it is possible to improve the performances,'
reliabilities and production yields of the MOS-* FETs 5N

‘"and 5P (as shown in Fig. 1) to be formed in the
epitaxial layer 2E.'

20 (Embodiment 14')

a Fig. 41 is a section showing an essential portion
of a semiconductor integrated,c1rcuit device according
- to a further embOdiment of the present invention,'and_.
.Fig._42 is a graph”diagram plotting a depthwise |

25 impurity concentration distribution of a semiconductor
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,inprity; .o, .() the step of formng
an ep ux.tAyear over 484 O princigal pl ane of444 sald sem conduct or
“qubstrate hQoy :'which h4tn:re;46ped with .M first inpurity and said sepond
inip rity; - 5, . 1, (d) the step of f@gn1ng a cap fil oetr waid -
ephaxii .y an.'d ..,(e) after, sal_stel (erthe step of mig. afrst

s*i 6Aducvor region .an4:.. a 'second seni conduct or region |ntiviudal;, it
submeid4; sai d se2|conductor substrate bddy forned VJh. s# .sd tl
to a 'theral diffusion treatnment 'to - : ~-id ad second

S0k devt oo R 1 e PHhIsb Rl ERE 2 S‘ﬁé?%geﬁt cler'ﬁﬁ%g;?t o
subjectlng Sa&? ngqupdyﬁeopresent invention.
o | In the present embodiment 14 as'shown in Fig.
41, on the epitaxial 1ayer 2E of the semiconductor
5 substrate, there are mounted the Mos-FETs 5N and 5P
‘'which have the LDD (Lightly Doped Drain) structure.

In other words, the present embodiment_14 is differentd

in'the.drain structures of the MOS.FETs 5N and 5P from
the foregoing emhodiment 1. |
10 - Specificaliy,:thelsemiconductor regions 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 5Nib and 5N2b formed at the
side of the_gate electrode 5N5_or'the channel-formingh
15 .regionf ‘The semiconductor'regions 5P1 and 5P2 forming
the source/drain_regions of the:MbS'FET-SP are |
composed of heavily doped regions 5Pla and 5P2a and
lightly doped regions Sﬁlb and SPZbeormedhat the side
of the gate"eiectrode 5P5 or the ohannel'forming |
26 | region, | | B ' |
_. The‘semiconductor'regions 5N1 and 5N2 of the MOS:
FET SN.are.formed inﬂthe lightiy doped epitaxial layer
2E2;_ The semiconductor regions 5N1 and 5N2 of the
MOS* FET 5N are formed in the lightly doped epitaxial

25 layer 2E1.

This is the replacement sheet |
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substrate body to a thernmal treatnment for recovering This is the

repl acwent Aebt o at: 2 11111111 111121111221111212111121111115 * C
L N S  * the damage after the steps of introducing said- first
inpurity and.said second inpurity and bef or® t he step of fornming. said s
epitaxial layer. 16. A process for manufacturing a seniconductor integrated
circuit device accordlng to. cIa|n115 mhereln said thermal treatnent'has a. -
t enper at ure I :

Both the heavily doped.regions SNla andldNZa and |
the lightly doped‘ regions 5N1b and 5N2b contain the
n-type impurity of phosphor or As, for example. The
lightly doped regions 5N1b and 5N2b have their

5 impurity concentrations set lover'than:those of the
'heavily doped regions 5Nla and 5N2a. |
| ‘Moreover, both the heavily doped regions 5Pla and
5P2a and the lightly'doped regions 5P1b and'5P2b_
c'contain the p type impurity of phosphor or As, for
.10 example. The lightly doped regions SPlb and 5P2b have
| | their impurity concentrations set lower than those of
the heavily doped regions SPla and 5P2a.
cIncidentally, the MOS FETs SN and 5P have their
gate electrodeslsNS and 5P5 formed on their sides with
15 _ silicide.walls.24 of Sioz; for eXample; so as_to make
- the LDD.strﬁcture;_ The'heavily doped regions Sﬁla and
5N2a, and 5Pla and'SPZa are formed in self-alignment
with the side walls 24. The_lightly doped regions
5N1b and 5N2b are formed in self4alignment-with the
20 gate electrode'SNS. The lightly doped regions 5P1b
and 5P2b are formed in self-alignment with the gate
electrode SPS.L

In this case,.too, the punch-through stoppers 5N3

-and 5P3 have their maxinum concentration portions B

25 located in positions shallower than those of the

This is the replaeomont .hoot .
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of 900C to 1,100C. j17 (Anended). A process for. r:uiiconducto& intat

circuit device. crdigto claim 14, ~ ' wherein a lighty
doped regi ou hwg ni |np|sr|ty |on4 od is Itft in -said etitaxial | ayer by -
| east O 3Ju mpx* .l1',, 1. e of 5 id epkt|X|aI 1 ayer | nilt
thmxrnal diffigi Otop , a:*i Rald X. rstZlpurity and said scrond inpurity
are .a.tf be fidiff ' iUt9$t|d Itasial |ayer i -said thermal -diffusion
steD." : ., a* *.8 (Anmended). A provess for a X&4icvonducttr

I ntet ofrut deV|ce g$oar di ng to claim 14, further conpt|3|n4 _
)efore i enebts axi- 4{44 fTormed in said epltal |

ayr' a *, . O FAMMEORACTAT KRIIRPSANL angifSNE of the MOS: FET 5N Overlies.
| ?'ypfe' 2 that - BRaod Ctﬁ%ceq%ﬁ?m%%%%m%ﬁfa%'%é ”%héf’a?‘ﬁéi of
sai d ' MosﬁFET 5P. In the present embodiment 14 the
punch-through stoppers SN3 and 5P3 have their maximum'
5 -concentration portions located in the Vicinity of the
depth of the lightly doped regions 5N1b and 5N2b of
the semiconductor regions 5N1 and 5N2 and the lightly.
'doped_regions SP1lb an 5P2b of the_semioonductor |
._regions-spl,and 5?2. _ - o
10 : In short, the poncthhrOugh stoppers.5N3'and_5P3:
are made so deep as to contact w1th the lightly doped__
-regions 5Nlb and 5N2b. "
Here, a depthwise impurity.concentration
- distribution of the semiconductor substrate 2, as |
15 taken along line A-a ‘of Fig. 41 is plotted in Fig.
| 42. _-Inciden_tally, ‘the impurilty distribution of Fig.
© 42 can apply-to'the foregoing enbodiments 1 to 13,
too. : : :
The" epitaxial layer 2E2 (or 2E1) forming the
20 surface layer of the epitaxial layer ZE is a lightly
'doped"regionf In their midway, however there is
'formed a more heavily doped portion than the punch-
Nthrongh stobpers.5N3.and 5P3.- Below the epitaxial
.,1ayer 2E2 (erZEl), there'are'formea the wells 3a'and"

25  3b as a heavily doped region.
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Stsi |intyricy sentconduttor ann a a;: a; a a aa (g) the step of
dopigg - it . h- a4 p ari i u.er gi such Por op of
sajd 6ltax ia.l er as overlies ,'ad second__ $Arj3:xcon'g ~_ WA npurtjy.
of-.:'he". " econduction .fpi ps that of said secoad inpurity si.b cocntraian;
| b* - That -of said second 'seni couductqrg= region. ithiF i the tolnnt
sheet ?s  Z9NOVU *CLMS* . 116 19.. A process for. o
nanufacturlng a sen1conductor |ntegrated'circuit'dévTce_according to ctaim

Thus, the heavily doped regions 5Nla and 5N2a of
the ‘MoOs- FET 5N are sO formed in the epitaxial layer
'-.251 as to contact with the epitaxial 1ayer 2E2 so that
" the draintjunction capacity can be reduced;
5 B Thus; the_present“embodiment 14 can achieve
effects similar to those of the foregoing emhodiment
1. | |
Although our invention has been speCifically
described in connection with its embodiments, it
10 should not be limited to the foregoing embodiments 1
to 14 but can naturally be modified in various manners
i_Wlthin the scope of the invention.
"For. example, the foreg01ng embodiments 1 to 14
" have been described as to the case in which the
15 present invention is applied to the semiconductor
integrated circuit device haVing the so-called “double
well structure." Despite of this description
however, the present invention should not be 1im1ted
__.thereto but ‘can he applied to a semiconductor,
20 integrated circuit device of the'so-called “single
' well structure“ haVing one well as shown in Fig. 43
_ On the other hand Fig. 44 shows a modification
of the element isolating portion 21 in the case of the
semiconductor integrated circuit device having the

25 single well structure, The element isolating portion

This is he replacemént aheet
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further conprising, before elements are to be forned in said epltaX|a

| ayer: (h) the step of setting to a predeternined value the inpurity
‘concentration of the epitaxial {ayer portion below a third sem conduct or
region for a punch- t-hrough stopper, which igg doped with an inpurity having
the same conduction type as that -of .the inpurity of said epitaxial |ayer
and a higher inpurity concentration than that of ‘the same |npur|ty “when
'said third sem conductor region for the, punch-through stopper is ‘to be’
formed at a predeterm ned depth p05|t|on |n sai-d.epitaxial layer. 20. A

process for T ACtuLhige8aSE ERDUHELOA LALERLELSY EhiRURLATRNCE
| the two semiconductOr-regions 21e and 21i of different'
conduction types formed below the field insulating |
'film 214 and adjacent to each other. 'The
5_ semiconductcr region (or fourth region) 21i over the
. semiconductor substrate_body Zs_is doped-w1th_the
impurity of the same condnCtion type as that of the
impurity.contained.in'the semiconductor.substrate body
28, such as the pftjne impurity of boron. The
10 remaining construction is:identical_to that of the
foreg01ng embodiment 9._ |
On the other ‘hand, Fig. 45 shows another
modification of the element 1solating portion 21 in
the case of the semiconductor integrated circuit'

15 device having the'single'well-structure.' The element
isolating portion 21_is_composed of two . semiconductor
regions 21g and 21j of different conduction types
arranged adjacent to each other. The semiconductor'
region (or sixth region) 213 over the semiconductor

20  substrate body 25 is doped with the impurity of the
same conddCtion tfpe:as that of the impurity'contained
in the semiconductor substrate body-zs, such as the
'p-type impurity of bcroni"The remaining'constrUCtion
is identical to that of the foregoing embodiment 10.

25 . On the other hand the foregoing embodiments 1 to

“This s the replacement ehaet
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further conprising, before elenents are to be fornmed in said epitaxia
layer: (i) the step of setting to a predeterm ned value the inpurity
~concentration of the epitaxial |ayer portion bel ow and aver a third .

semi conductor region for a punch-through sfjopper, which is doped with an
i npurity having the -same conduction type as that of the I mpurity of said -
epi taxial layer and a higher ifpurity concentration than that of the sanme.
i npurity, when ThIS i's the replacennent sheet Dte: - 2 2 h[N U

14 have been described as t6 the case”in;which the
epitaxial layer forming the pMOS and the nMOS has its -
impurity concentration set by the ion implantation
method separately of another manufacture step.
5 'Despite of this description, however the impurity
concentration of the epitaxial layer may be set
_according to the desired element characteristics at an
ion implantation step for forming the punch—through
stopper, for example. | : _
10 a At the time of forming the punch-through stopper,
| for example, the impurity concentration of the layer
below the punch-through stopper may be set to a
predetermined value. At this ion implantation step
for forming the punch-through stopper moreover, the
15 impurity concentration of the layer below the punch—
| through stopper is set to a predetermined value, and
.the impurity concentration of the channel over the |
punch-through stopper may be set according to the
desired element characteristics._ _ _
20 | On the other hand the foregoing embodiments 1 to
| 14 have been described as to the case in which the SiHi
gases are used at the time of the epitaxial growth._
Despite of this.descriptiOn, however,.the present
invention should not be limited thereto but can be

25_' modified in various manners. Foriexample,

Thbs is the rl”'l-""""m'Im M
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| DIl hut tillltr Ihi. --117 * L M S * said third

sem conductor region for the punch-through stopper is-to be forned at a
predet erm ned depth positionh in said epitaxial |ayer. 21. A process for-
manuf act uri ng a seni conduct or integrated ciggcuit device according to-¢claim.
14, wherein said first inpurity is an n-type inpurity of phosphor whereas
-sald second |npur|ty Is a p- type |npur|ty of boron. 22 (Canceled)

23(Cance|ed_) L - R t24(CafceIed)

dlchloros:l.lane (SinC!z ) ‘having a less auto-doplng may
be used. | |
On the.eﬁher.hand;_the'foregoing embediment 1 has
been described as to the case in which the structure
5 6f the-present invénfibn is applieditb the enalog
circuit. Despite of fhis descfiption, however, the
| preseht invention shoulﬁ not be limited thereto buf.-_
can also be applied to a digital circuit,]fer example.
| Moreover, this digital circuit can be exemplified
10 by a gate cireuit,'an adder, a timer, a counter, a |
'shift'regisfef and a pasé-transister gate circuit.
On the btherehahd; the foregoing embodimént 1 has
been described ‘as to the case in which the structure
- of the present invehtien is applied to the .
15 differential amplifier; Despite of this.descfiption,
however, the present_ihvention should not be limited
thereto but can also find various applicetioﬁs such as
en AD/DA converter, a comparator,'a mcdu;ator or a
sense amplifier of a:ﬁeméry. | _ |
20  on the'othet'hand, the foregoing emﬁodiments 1 to
14 have been désc:ibed aseto the semicdndgcter.
_'integrated'circﬁit:deViCe having tﬁéeelements.
Despite of this descfiption, however, the present -
invention should not be limited thereto but Can.elsd

25 find varibus;applieations including activé_eléhents
Th:is is the replacement shset

D3 4PR 6%



'ig.25 (Canceled). R . . . .7 .6

(Anended). A process for a : . ciiti'ttted 4rcuit device
.aQrding, to claim17, further conpriinag : ' : (j) ‘the step

of form ng an axide i " 0on 40 bC.qq plane of sald epltaX|aI | ayer.
by tfiermally. 0|d|zI|. sa44 briucipal .late. - df:said. ecsi f.ni al | ayer after
said step (e), - wherein said oxide filmforns .4e j jgate&
imsglaini 1. f|-dfa M FET. .. ,, -, .. " 27 (Amended). A process for. a,
*o"utto o i - "c.4 1. t device alcrdlng to cIa|n118 fuzther

congri shi wg: cu'rei

Pnpi i i vipal . EP&HeaS'blﬂgﬂﬁqlﬁiﬁﬁﬁﬁs?QﬁﬁnQE)Q#PQS§(k9§94EFYﬂ%ﬁw p.

ThiS is the reol .ment ahest
having pn Junctf%ns and fgsulating films between

electrodes,:or passive.elements such as diffusion'
resistors; The present invention can:beifurther'

S. .applied to microprocessors; ASIC'(Appiication Specific
'IC) or various semiconductor memory integrated
'Circuits haVing those elements 1ntegrated therein.
| On the other hand,_the foregoing embodiments 1 to
14 have been desCribed_as tohthe.caSe using.the p-type

10 ”Semiconductor'snbstrate body. Despite'of this
description, however, the present invention should not
:be 1imited thereto but can also find an application
using an n-type semiconductor_substrate body.
On-the_other.hand( the foregoing_embodiments_l to
15 14 have been described as to the MOS-FETs. Despite of
| this description however,vthe present invention
should not be limited thereto but can also use ‘MIS
(Metal Insulator Semiconductor) FETs.
: On the other hand, the foregoing embodiment 7 has
20  been described as tO'the'case in which the epitaxial
n layer in the memory_cell array has its_impurity |
concentration'Settequal to or.higher than that of the._'
wells. Despite'of'this deSCription, however, the
'present invention should not be 1imited thereto but

25 can also modified as in the foregoing embodiment 6

~ This is the replacement sheet
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| ipii WLI11 ilill 1ill Uh191 hit Il a 118 tt;said epitaxial layer b

t her - - | &di & sa 6$taiial IaYer after said steps (fl
and. . . . , *K* wherein said C%lde filmfdrns 4 = agitt
itisii fiMof -a MSFET. .... 4,

. _ ... '28" (Anended). A Vtocess #o* a setdl6o&ut|or Oned;
%tuit device 'acording to claim?20, further conprising:-. (I) the step of
forming in oxide film 4e. 44. -principal pl ane of s1d4 epitaxial |ayer
by thbrMally OXIdIZIg said Princival' plane -!id euitaxial layer after

said step (e), Diim for |

gate Insulat”ﬁndls?)o SuﬁPSEE?t evenr%hg égigagiagelayer in %E 4*4 _
' memory cell array has its impurity concentration set
below and near the semiconductor region to be _
iconnected with the data lines, as low as that of the
5 'epitaxial layer;.iﬁoreover, the punch-through stopper
may be formed in the regions hav1ng a lower impurity
concentration. |
- On the other;hand, the foregoing embodiment 7 has
been described as:tolthe case in which the. preSenti
10 structure is applied to the semiconductor 1ntegrated
fcircuit device hav1ng the EEPROM. Despite of this
| description,’ however, the’ present invention should not_
be limited thereto but can also find various
applications such as another ROM such as EPROM
15 .(Erasable Programmable ROM (Read Only MemorY)) or mask
ROM. | - | | |
On.the other hand,'the present structure can also
be applied to.the_so-called."ferroelectric.memory
circuit (FRAM: Eerroelectric Random Access Memory)“,
20 i.e., a'memory circuit'haVing a capacitor in which a
capacity insulating film made of a ferroelectric
material such as PZT (PbZrTiO3) is sandw1ched between
upper and 1ower electrodes.'
On the. other hand the foregoing embodiment 7 has

25 been described as to the ‘case in which the- epitaxial f

Th5|sihef5ﬂabbﬁintjh—q{p'
03 M’R%
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i.nt et aat d'

suiikalte '

~ ~ ~ . . 29 (New). A seni conduct or

CIrCUIt deV|de .caniprising: a semi conductor substrate -body;

|." an epitaxial layer. fornmed on said: seqlconductor

body. and hving a thickness of 081 mto 3 A

a gate insulating filmof a M SFET includitTg a oxide hliri which is
by thermally oxidizing a main. $S|rface 9f - sai d e4dpcxi al Iayer a gate
electrode of said MSFET fortnd on’' sai d gat( inaiatig film :and, -
~~~~~~~~~~~~ ~* 4. . a pair of seniconductor reglons forned

in sald epl ta'1(‘a'y|e:|:| W?rtrﬁé\%erﬁéi‘y NEe BB Ras OLES LM

pgyand -a drami
of, said MgFBT. < 30 (New). A sem conductor integrated cirxuit device.

aklocan|g

t @opicinBrkiones el dqudll | €6 UsT L1 GG CERdmt tIRat 0b£ Sﬁhd

S|rn|coqdutC|r si bstdat e body

15

20

25

wells. Despite of this description however, the
present invention should not be limited thereto but
can also be modified such that the impurity
concentration of the epitaxial layer of the memory

cell is as low as that of the epitaxial layer of the

foreg01ng embodiment 1. This modification can achieve

‘the effects (1) to (11) and (16) to (24) of the
foregoing embodiment 1. o
| Although the foreQOing description has been

directed mainly to the case in which our invention is

fdnned

region .

'applied to the semiconductor integrated Circuit device

haVing the MOS-FETs:prOViding_the background thereof.
Despite of'this-description,'however, the present

inVention can also find various applications such as

another semiconductor integrated circuit device having

a BiCMOS (Bipolar CMOS) in which bipolarhtransistors )

and MOS-FETs'are'mounted on a common semiconductor
.substrate. | |

. The.effects to be'achieved_by a representative_
'one of the invention. as disclosed herein, will be

briefly described in the following'

(l) According to the semiconductor integrated circuit

_device of the present inyention, the lightly doped

Thmtstherephcomontdunx
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4 ... itfibim | XIO atoms/cnB to 1X10 ;AtWrictn. 3 .-

~~~~~~~~~~~~~~~~~~~~ ~~~4 .1 31 (New). A sen1coaductor I ntegratad , cirbult

'4eVJ*4 according to claim.29, "wherein an el enent i'solating insdihiaig film

is :orfitw X sa epitaxial 1gyrer. . Lo

..'Thls is the repl nment sheet Dde: OZ_QiNN' B 11111 11111 1 il

11111 111010 C. L M S - 119 32 °(New). A

~.sem conduct or integlated c~ CUIt deV|ce kccbrdlng to cIa|n1.

epitaxial layer;.as_formed over the heavily doped
first and second regicns;“is'formed with the |
predetermined'elements. As a result the elements can_
have their characteristics set accurately without :
.5 .'being influenced by_the impurities in the first
'regiOn, the second'region and:the:semiconductor
~ substrate hody so_that the setting_accuracy of the
element characteristics_can be improved. Thus, it'is
possible'to improve the_performance, reliahility and
10 :-production'yield,of.the semiconductor integrated
circuit device. |
- (2) According to the semiconductor integrated circuit
device of the present invention, the predeterminedu
-elements are formed in the'iightly doped epitaxial

_isg '1ayer so that the Junction capacity of the semi-

conductor regions forming the predetermined elements
can_be reduced. Thus,_it is possihle to improve the :
action_speed_of'the semiconductorhintegrated circuit
~device. | | _ _

20._ (3) 'According tolthe semiconductor integrated circuit
.'device of the present 1nvention, the lightly doped
.epitaxial 1ayer as’ formed over the heaVily doped

first and second regions, is formed w1th the

_ predetermined elements,' As a result the first region

25 and the second region can have their impurity

This is the replacement aheet
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.31,, kvherein a channel stCpper region 'is f6rfted4'mﬁphin »Pid epitaxial
| ayer, iider said etenent isolating insulating: :fttm Wbtein sxjd caadiil
st opper tregion has- an opposite. conductivity: type to a conduct|V|tJy tjpe
of said pair X, said sem conductor. regiongsand has; ap'inpurity
condentratzo', higher tnan.that of said ep+axial Layer. 4

, 5 33 (New). A seniconductor i nt egkat ed C|trU|t 4devi ae - |ccorng to clalm
3V, 'wherein said channel stopper regloqn ‘ain coutdt with ;'said

" sem conductor substrate body' : 't 34

(New) . A seni %g)g?:légttgaﬂ 0 s?ﬁ' udpasc-éafﬁé'ia e:’,-'tncqeaqeci%’é}gt': égléaf ghg £ M m s

S2, :wherein a nlpor sal enen Ing i A

1 con s s ol s slendidY 8
sai d el ement '(29' at’I‘H@ﬂﬂdd’% |t§ﬂﬂ éforén%rfﬂ&%d Qaﬁﬁé&'@*"(?)),r tignis
posslble to improve the latch-up b:eakdown_voltage.'

5 Thus, it is possible_to improve the performance, |
reliability and production yield of ;helSemiconductor
integrated circuit device. _d | |

- (5) ‘Thanks to the'aforementioned effect (3), it is
possible to improve the.SOft-errof breakdownIVOltage.
10 Thus, it.ie poeSible to improve the performance, |
rellabillty and production yield of the semlconductor_
integrated circult dev1ce. | _
(6) Thanks to the.aforementioned effect.(3),'the
impufity concentfetioné of the'first':egion and the
15 second region can be set to values sufficient for the
| element isolations so fnat the channel stopper can be"
eliminafed-by extending the elementlisolating portion
to the first region'end the second region. Thus, the
paraSific capacity cen-be_reduced to.inpfove the |
20 action speed of the semiconductor integrated circuit

| device. | | | | |
(7) Thanks_to the afo:ement;oned effect (3);.the'

. punch-tnrough breakdown voltage in the semiConducfor
'substrate body can be improved to reduce the

25 thicknesses of the first region and the second region._

This is the replacement sheet

Dete: 3 APR BB



'fanhed in said epitaxial |ayer. o . 36 (New). A
sem conductor intejrgtad. circuit device stccdrding to claim?29, wherein a

punch through stopper xrgion is forned at a position of a t-reoetermned

depth in said epitaxial 4tM whirein s4& pgg through itopper region has an

opposite conductivity type to.a' coiddtiwsfty type of #a~id prir of said.

sem conduct or regionk7qd ;ha 4jiipdd4tn b~3entratian AS~r than that of .

said epitaxial. layer .wer.eb i . .ler ~positioned aver sa | t punt h

‘througih. ioppcr rejgi_.a:d.;MpOrpon-of s.d:, epitaxial |ayer .positioned

(et ot eSS FREEE RS, B0, el fonsnd"PAELRL) CERSERLEG o0 T

S Thi's jF r'¥i$é”§E¥§$£Q&¢§Q€9£a£¥¥ﬂfdrzfgkﬁ§h& the first region

' : " and the_Second_reQion.:.: R :
(8) ACcordintho thé Semidonduétor integrated cir&uiﬁ'

5 _dgﬁice_ofithe presént inventién;;tﬁe_lightly doéed'-

epitaxial-layet, és.fofhed 6vef thé,héavily doped
first.and éecond regions,'is'forméd'with.the |
prédetefmined'elements. As.alresult, the firsf :egion
and the second région can haVe_theif-impurify'.

10 cohgentfatiéné séf'sdbstantia;iy independentiy'df-the '

“ characferiSticé'of fhé predefermihed elemeﬁts. Thﬁé;

it is:possibie to'faciliféte_the controi'oflfofming-.
fhé fi;st :egioﬁ aﬁd the second région.. | |
(9) - According toIthe_semicondudtor_integrated circuit

15 device of the pfeééﬁt invention, the element isolating
portion is formeazinto.the'channel shape. As a |
result, even if the epitaxial layer is considerébly'
thick, the element';solating portion capablé of.
isolating the epitaxiélilaYer ihdiViduélly for the

20 element forming regions can be formed without
increasing the area.bccﬁpied by the element isolating
portion. In othér wb:ds,'the.semiconductof_integrafed_
circuit device ¢én_cope with the strﬁcture having:a

thick epitaxial layer.

25 (10) Adcdrding.to_the-éemiconductor'integrated

This is the repiacement sheet
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*C LMb12 0 37 (New). A sem conductor -ixtegr - i cdi ng
"to claim'30, 'wherein said punch through stopper ..reipnis fornaed
to)bé in contact with, said pair of said sen1conductor rogigns.' *
: . *, . 38 (New). A seniqgsductor iutegrated CIrCUIt _
daei tt . conxprising; ea seniconductor substTate body; an-epitaxial |ayer
fornmed on said ' senmicondtetor Slstriaft. body and having a thickness of 0. 3
pmto 3 pm ' : . a first semconductor region fornmd in *said ipitaxial
, &et .tuch that an ihppurity concentration.of said first .sem eonductor .

regipn .f Yigher. tha rnnirity concentration of a squkce ortion of
' S|gdpep||t|a?§H m:hegﬁpe o thg'present invent on, t _ P .

insulating film lS formed by the thermal oxidation

method on the surﬁace of the channel for the elementi
isolating portion. As a result, it is possible to.
5 i satisfactorily protect the epitaxial layer in the
| lchannel the semiconductor substrate body, and the
.Junction portion of the first and second region.
Thus, it is pos51ble to improve the performance,
reliability and production_yield of the semiconductor
.10 integrated circuit device. B -
:(11) According.to_the semiconductor'integrated _
circuit device of the present inwention,'the epitaxial
layer, as equipped with the MIS- FETs, is formed atia
predetermined depth with the eighth region for the
15" punch—through stopper._ As a result it is possible to
prevent the punch—through phenomenon between the |
sources and drains of the MIS'FETs. Thus, it is
. possiblegto'improve the performance, reliabilitf and
prbduction Yield of the semiconductor integrated
20 circuit device. " |
| (12) According to the semiconductor integrated
Circuit deVice of the present invention, the epitaxial
layer in the element forming region for the |
electrostatic protection circuit attached to_the.input

25 circuitgand theppower'Supply has its impurity

This i;e; s replacement -hngt Ny



:tWmpent form ng region of said epitaxi*a |ayer; : . < ai clenent

I solating insulating *ffimformed n' said ipiatl2 |ayer such fIM a bottom
~portion of said eenent |solat|ng Insulating. Allki is.in contac: *i said
first semconductor region:'.  a gate insulgjdng filmof a M SFET |nIud|ng
ua o*i' fipmy -hich is f6.rmed -by thermal oxi-di zi ng a nain, sixace'
pf.'said e6peiataF | AYler: : a. gate electrode of said M SFET fonn&d on

. said- gate insulkting -film -and

Jj; ~a pair of sem conductor regions, fo din Sald epltlxrb leer and _
sgrving as a source region and-a drajn .reion of said MSU ', wherein a
conductivity COREEYTEHP 59 eRRS c%rﬁﬁc?tﬂh?’ég'FWIEh%Fl%sFtﬁ to that
of said pair %:‘ sacd se.Sllon CWr_res

, to cl ai TEITRRW) . % LT jn‘ch’fBrl? irﬁ%@?g?fe cFPoiit Aevi &

acpAng to cIa Timinate the deViation of the minority carriers of
| the base region at the operating time of the bipolar
S transistors for the electrostatic protection Circuit
and to prevent any 1ocal current concentration in that
_epitaxial layer.' As a result,.the current can be
uniformly established in the-collector/base junctions
:of the bipolar transistors thereby to prevent the |
10 - reduction of the electrostatic breakdown voltage of |
| the electrostatic protection circuit. Thus, it is
_1possible to 1mprove the performance, reliability and
| production yield of the semiconductor integrated
Circuit device. : . |
_15. (13) Accordinglto the semiconductor integrated
circuit device of the present invention, of the
epitaxial layer,lthe epitaxial layer in the region
.forming the memory cells has.its impurity |
concentration set to a value higher than that of the
. 20 epitaxial layer in the’ element forming region for the
'1nternal circuit. As a_result, it is possible to
' increase the junction capacity_of the epitagial layer
and to form.the barrier layer for preventing the
carriers, which are produced.due to the electron—hOle

25 pairs by the alpha rav, from invading the information:

- This is the replacement sheet
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3t xbherein said first sem conductor rogon is forncd .gin:a iteniace

portion bitteen sai.d. epltaX|aI | anr and said iem conQuctot' subotrics;
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a ~ * 40 (New). A
|nteg atel citoult devidce A@@ﬁdjn toclaimThis is the

boday.

seni ¢coi duct oi

replcnent thest DSA 22 NOV 39  [IRH-J RN Fiii, HI I
LMS* 121 $8. wherein a punch through stopper eou ls formed it 4 position of -

a ptedetern1ned depth in said epitaxial |aer, wherein sid: punch-throug h

10

15

20

25

holding portionr As a result, it is poSSible to

prevent_the drop'of the memory holding-characteristics

- of the semiconductor integrated circuit device having

' the memory cells. Thus, it is possible to improve the

performance, reliability and production yield of the.
semic0nductor'integrated_Circuit‘device.'
(14) According to'the.semiconductor_integrated'

circuit device of the present invention, of the

.'epitaxial layer,'the epitaxial'layer'in the memory

cell forming region has its impurity concentration:

set, only below the semiconductor_region other than

that to be_connected with the data lines, to a value

‘higher than that of the epitaxial layer in the element
' forming region for the internal c1rcuit. As'a.result,

It is. pos51ble to prevent the drop of the memory

holding characteristics without increasing the 1oad'
capacity of the datafline. Thus,'it is.possible to
improve the performance reliability and production
yield of the semiconductor integrated circuit device.
(15) According to. the semiconductor integrated
circuit device of the present invention, the thermal

treatment is done for - recovering the damage after the

'_ impurity introducing step, followed by forming the

epitaxial layer _so that the_crystal defect of the

semiconductor substrate body surface layer can be

Thbs is t.\* ::«V acement M
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'stopper regi on has an opposite conductivity type td a cori dictivity type
of said pair of -said semi con.ductor regions ghd: has an'inpurity>

cpoacentration liiger than that of said epitaxial layer, whereinA a
.portioc of said epitaxial .:ysr positioneghgpver said punch throisb
stoppregion On 'i portion of |lid epitaxial—ayer.positioned under said
punch, iliroujb '#bbpie? region have I. - C . -sir-inpurity
concentration |ower than that of sdjd punch rthidgli stopper r~gion. ; .41
(New). A semi conductor integraidd circait devir eecbrding to claim40,

; wherein said punch through stoppex % 6gian: is forbindiok 'in contact
wdt) h sai d paFedyredaite PHdhdanagey ods @ result, «itjis | 1

clai m 40, whBPBRAEIE: oot (It AR oL Y S IO (A1 1 des. | First
 doped éxcellent crystéllizability; Thus, it is possible to
improve the perfd?mance; réliabilityrénd production:
5 - yield bf_the seﬁicdnductdr integrated circuit device. 
(16) .Acdording'tq_the'semiéonductér integrated_ 
cirqﬁit device of.fhe present invention, prior to fhe
tﬁermal diffusion.tfeéting step for fdrming the first
region and the second fegion, thé.cap fi;m is fqrmed
10 over the epitaxial layer so that fhe.first impurity
and the'sécpnd impurity can be éuppreSsed from '
diffusing into the'diffusion.furnacé during fhe
diffusibn tréating step while preventing.fhe epitaxial
. layer ffom beihg dopé& with'the impurities having
15 diffused. Thﬁs, it is possible to imprové tﬁe'
accuracy bf setting the'impurity concehtrafion in the
epitaxiél laye?. | | | _ |
(i?) ' Thanks to the aforementioned effect (16), the
-electric charactefistiés.such_as the resistivity in
20 the epitaxial layer'can be prevented from'fluctuating
to improve their setting'ac¢dracy. ~Thus, it is
possiblé tolimprdve;the pe:fdrmance, reliability and
prdduction yield 6f.the sehicohdUCtdr integfated

dircuit device.

 This is the replaco%nonfdh_ot’ _
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sibzregion of relatively |Qw inpurity. gbdentrtcion hand. a ;ecbn. & doped
Sibregion, of relatively high inpurity okicentation such tba .said first

d4~pd subregionis forned between siid. second- fdped—~subgrea—aﬁd—a-—
phagnvel formng region of said M SFET.. :109

| cI ai m 38 \/\/ne’rc e|4§ gwey\?rpuf\l f;mcggggﬁﬂ g.'[l drnnTegg:‘ | sjluml HIM“H'IIHIHI ng to '

, senrxtoi oduttqr region i's hikser than that of said sen1conductor
ssbstrate body2 . ' a- - X~~~ 4 44 (New). A sem conductor |nteg|atnd

oircuit devi C%HAalcclcch A ci im3$,. wherein.a bottom portion of said
4el i ent ISO|atTEg_tTTSﬁ¥$;T§P+T$n1IS in cnptact with said sen1conductor '
substt4*: bo~y ~  ; thl'is the ropt wrsnt Sieet CS: - _ 12_2.hKWb '
1. "A_semicondnctor integrated eircnit device
'-sonprising: | |
5 __' 'ea-first semiconduqto: region_fofmed_over a
semiconduCtor substrate.body;
an epitaxial 1ayer,formed'ever'Said semiconductor -
_sunsfrate body_and:said.first semieonductor regipn;
an element isolating.insulafing film forned in
ld -said epltaxial layer and extending to said flrst .
semiconductor region, ' '
a gate insulating film of a MIS FET formed over
said epitaxial layer, |
'_aygate'electfddedof'said Mls-FETaformed over said_
15 gate insulating filn; |
a nair of second semicondnctOr regions.formed_in
.said epitakial 1ayef to construct the source/drain
:egions of_said MIS- FET, |
whefein'said_epitaxial'iayer has a thickness
- 20 -larger”than the depth of said second semiconductor
| .regions)_and' | |
wherein said epifaxial layer has an impurity
_concentration 1ower than that of said first

semiconductor region; and

25 - a thlrd semiconductor region formed at a pos;tion
: TlllsSheethBeen§ci " This is'if';a-;epiacsmodtm
MR L. csemes
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1111111111111H4E1212 11 1111: * C L M S * L 122 45 (New).

A semni conduct or |ntegt|ted cireilt device .,iozjprising: .,a sem conductor

oTpicot ductor su strte body ahd * '*indﬁﬁifoax' ; L—S%i]ll[lﬂll[mllﬂﬂlllﬂlllhg a

t hi ckness of 0:3 am,co 3 jum.

. ~~C

a: alzg,

pgt e’

: C a nenory cell of an Electrlcally Bi asbbl e
P. rogratlplbte RO". said nenDry cell comprising a fiiit 'gate |rsulp|ug
gate. alotrode formed bn sald first gate |nguIaI|ng film a second

|nsulat|n
é]a predetermined depth in said epitaxial layer to

10

15

20

25

have a conduction type opposite to that of said second

semiconductor regions and an impurity concentration

higher than ‘that of said.epitaxial layer,

'~ wherein said third semiconductor region is so

formed at a p031tion shallower than said second

_semiconductor regions as to contact with said second

semiconductor regions.

2. A semiconductor integrated circuit device

'according to claim l

_ wherein said second semiconductor regions include

heavilyadoped.regions and lightly doped regions

- arranged inside.of said heavily doped'regions, to

construct the LDD structure.

3. A semiconductor integrated circuit device
according 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:

- This Sheet Has Been Replaced - This is the rosacinent aheet '.
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fi4 formed on said floating gate elect'o. &, atcpntrol ga, ;1 e6ttSie
fornmed .on aid second gate insulating find, ad parr —o{- s<zp+cgndaetdt .
,regions toflried in said epi taxial 1ayer and - asoirce :
nd a drain region, uwherei-n said first gatgi neul at | quml Iljl,l"llt&u di ng, -
aw "4d..'fi. which is .finmed by thernally—e*|d|2|ng of sald.'
epitaxdar layer. . =~~~ ~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~ .

'(hbmb A -sem conductor integvate CIXCUIt deo.icq Acqxlg toclaim* * '

* C 4t ivherein said floatlng gate electrode is ane |ectrhbd,
forTsrg the chargp t ri bute to.the storage of inforpatia mhereln
sai drcongoti tke g Igﬂa§%?¥ﬁ?ﬁﬂ¥ﬁﬁ9¥xﬁ93%ﬁncﬁﬁﬂ??ﬂ?*?@ %t%+5§8 And.

o P ey e § S SR T
forming_a PN Junction,_and | | |
an epitaxial'layer formed over said semiconductor .
5 sdbstrate body.and_containing an impurity in a lower
concentration tnan that of said fourtn Semiconductori"
'region, o
wnerein said'first semiconductor region contains
an.impurity of the same”conduction-type as that of
10 said second impurity and is formed adjacent to said
fourth semiconductor region, and o
wherein said element 1solating insulating film is
Z'formed to reach said- fourth semiconductor region such .
that said PN junction terminates at the bottom portion

15 of said element isolating insulating film.

5. A semiconductor 1ntegrated circuit device
according to claim 4, ..
‘wherein said element_isolating insulating film is
20 formed_in.a channel extending to the-upper-portion of

said semiconductor'substrate_body,

6. . A semiconductor 1ntegrated circuit device
according to claim 5,

25 o wherein said element isolating insulating film

—— This is the reftacement ahmet
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4%, Woherein*a portion of said epitaxial'.laYer for_a menory L cilP f6rmng
re'jiyn has the same conductivity type, as a portion of aia qpi jai. “Tayer

for an iitemal circuit forming region, whe;q,#i-s r'fpr .
sai d gepbory cell formng region_.has an' jijgpuri ty eJﬂlﬂﬂ nlﬁlml'"m '"ﬁl ghir =
than rbaC of 'said epitaxial |ayer for said—+nienral ci*rcditt-gfeig rcgioni. -
Tfh6é is the replaoenst sheet 2 2 NOv 996 - | ‘11JI11J. LI 11111 11! 11 11
| 123 48 (New). A seni conduct or- |ntegrated cirvuit. device- A'cCerding to

claim'.4A, wherein an el enment . |solat|ng insulatint f Ia is'iforred -|n
sai d.

epltaXIi?ncludes an insulating £ilm formed on the surface of

said channel by a thermal oxidation method

g 7.'_ A semiconductor integrated circuit deVice
5 'according to claim 4,

Wherein;'of said_epitaxial layer,'the epitaxial
layer:in an elementyforming regicn for an |
electrdstatic_prcteCticn circuit.tc_be.attached tc_an

rinput'circuitlconstituting'an semiconductor integrated
10 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
15 according to claim 4,

wherein an_analog'circuit_is constructed.'

_9;.'.A semicondnctcr.integrated.circuit device
according to claim 4, |

.20 : wherein, of said epitaxial layer, the epitaxial
:layer in a memory cell forming region has its impurity
.concentration set higher than that of the epitaxial

layer in an element forming region for an internal

:circuit, -
25
. This'is the reslacemant '
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i ~y~pr such that said element isolatnag iniplating'frtnr"isolateS-saLd
menory ci4 frmng region and said inteaal -Acircuit fﬁmmm il ot, whq; 6in

a biotdtmportion of said el enent isol atl | g insulati L“m,””"Ft act "
'mnth t*W - seniconduct or substrate body: 113

o4 ) .. 49 (New) .. A sen1conductor integhRitd CIrCUIt daV|6e "CO|pr|S|ng:
‘a- sen1conductor substrate body:' “an epitaxial |ayer forned on said :

sem condi'tcot sdbiraiq -'lodY and . WLag a thickness of 0.3 pn1 to 3 ptir
suchat .k portis'iat.stid epltaX|aI l4yer for a nenory ceII forn1ng regi oh

LS S B GBS oD oS ERAE | Laver T

sal d epltaX|aI | ayer for

. 'said oem o= y I S an irnpurity |I°".
x ?:Iod f“%x{ﬂ np y
_*~:f~~j~f~~ % i lggrhmanlpr bYvcentration set hlgher t han that of sald
P taxlal _4yef fWhef%idilaﬁegéE& epitaxial layer the epitaxial

'layer in a memory cell forming region has its impurity
5 concentration set below the semiconductor region

_other than that to be connected with a data line, to a

value higher than that of the epitanial layer in the

element forming'region for an internal circuit.

10 11, A semiconductor integrated circuit device
according to claim 9 | |
| ' wherein said memory cell is a memory cell of a
dynamic random access memory, a memory cell of a -
static random access memory or a memory cell of a read

15 only memory.

12. .a semiconductor integrated circuit device
according to claim 4, | | :
wherein said epitaxial layer is equipped with
20 memory cells of a dynamic random access memory, and
wherein the epitaxial layer below the'
Jsemiconductor region for the source/drain connected
.between a transfer MOS FET and a capac1tor,_as.
construct said memory cells, has its impurity

25 - concentration set to a value higher than that of the

 This is the replacement sheat
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*rcuit form ng region; .. afirst gate insulating filh.of a
‘M SBET for a.nmenpiy. pelinwphding an jXide filmwhich is forned, by
thernally 0||d|2|tn1a nan Tiittace of said 4pizaxial |ayer;

. a second gate insghating film l l\“m
elenp for an |nternal 4cfit including an—exide fllmvﬂm | E“ll”ﬂﬂm

tberri;': iizing a main yu*zace of sald epltaX|aI Layer;¢alfimMst?® ga e
-el ectrode of said M SFET for said inmenoj.' 'cell. firmed o n sid first gate.
‘insulating film @ iecond gate el ectrode of said N@IEttfor sai d elkrtllt”

lor said integ @%%‘éﬂﬂhéﬁonsglb“edm%}%\@% ic?ﬁ £ T4

a-pair of sem uctor . sad epltaX|aI This-
is the rtl”Sts%@?%é%ﬁ%%ﬂﬂjvagkﬁonnected between said transfer

'MOS* FET and_the data line.

5 13.. A'semicOnductor.integrated_circuit device
- according to claim 4, H |
| wherein said epitaxial 1ayer is equipped with
memory cells of a static random access memory, and _
wherein the epitaxial layer beiow‘the
'-10: semiconductor region for the source/drain connected
between'a'transfer MOS' FET and a driyer'MOS-fET,_as
'construct said memory cells has its impurity
concentration set to a value higher than that of the
lepitaxial layer”beiow the-semiconductor region for the
15 source/drain, as connected between said_transfer

MOS: FET and the data line.

14. ;A:processjfor_manuiacturing_a1semiconductor
integrated'circuit'device comprising:

20 .(a) the step 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; |

25 (c) the step of'forming an epitaxial.layer over’the

: Th:s is the ray
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*uuh! I 1LI 1 ' - " 124 : .| #yer for a nenDry ceII form.ng
regioi gnd se&-ivn as a south region and a d.m region of saird M SFET.
for said nmeiiaory cell, .. and.; a pair of sen1couductorﬂregronsrfbrnled

iZSaid,.poio -of 'WAd. -epitaxial ] ayqr. f1@g an in rn1ng ;
regi-on-and 'serving la Yj soutce region #s4&; ad I Ii ﬁ ,
M SFET for s4d elexpuz sorad-ih:frnA circuit. onduct or
inreta;ed" circuit 'device according to cIa|n149 I wherein said nmenory cel|
is a' nennry, cell of a dy' nanic.iraadom access: .veozy, a nenory cell of a
‘stadc random  acceY. uyen' r. r arory cell tread only nenory.-
c 2 _ principal plane of the semiconductor substrate body
_Wthh has been doped with said first 1mpurity and said
second impurity, |
(d) the step of forming a cap film over said
5 epitaxial layer; and |
(e) the step of forming a first semiconductor region.
and a second'semiconductor region individually by
- subjecting the semiconductor substrate body formed
With said epitaxial layer, to a thermal diffusion
10 treatment to diffuse said first_impurity and said

‘'second impurity.

15. A process fortmanufacturing a semiconductor:
integrated circuit device according'to claim 14,
15 further comprising |
‘the step of subjecting said semiconductor
substrate body to a thermal treatment for recovering
the damage after the steps of introducing said first
. impurity and said second impurity and before the step

' 20 of forming said epitaxial layer.

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

25 of 900° C to 1, 100 c.

This is the mﬂmmont daot
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51 (New). A process for a sem co' pductor i ntegrated 6i 6|C|rJd|V|ce
c#tprising the steps of; Iayer
. (a) -preparing a sem conduct of  substrat e tody Wi xt

wohitli is formed on a main surface ovfa |133r ni cbnc”“lm "mlnﬂm',mr body
~and wih has a thickness cr0.3 pimto 3

after said- step (a), introducing 4 first’ |nIpzcr|t# t a.flest reglon of

axi-w -:surface of said epltaX|aI | ayer iy using -ion- ahpi tln ato forma
Crift sen1conductor reglon of -a firxc cdu' ctiviiy tyspe "T sid "itaxial

| ayer *dvl an i concentrati .SS en1eonductor
rﬁgion isd h?I Tur t %é?s ?°§aF8“852F§%F§Pg|8y8le°°“ uCtE . (c)
after said s r 0 i : econ 0 pm
of said main s{hﬁé%Fak §g? S?tgggiﬁée?gg ?h@ﬂp|%§ Fh %&nl4é second
semi conductor rept awﬁéréiﬁoadmﬁbhﬁyt Ho}SQ@ re Reasmaeiha fk@ fiﬁ,b%tnty
conduct|V|ty type in saird epft4~layer. Suki, I mpulity .

diffusion is left by at least 0. 3 um from the
5 principal plane of said epltaxlal layer at said
thermal]diffusion'step'and'hhen said-first impurity )
- and said second impurity are to be diffused into said

_epitaxiaL_layerf

10 18. A proceas for mahﬁfacturing a sé@iconductor N
intégrated ciréuit device”accoiding to claim'14;
further-coﬁﬁrising, before élemants'are_to be farmed.

in said epitaxial laye::fl' : _ .
-(f)' the atep of doping sach porfion of said epitaxiai

15 -";ayet as o§erlies said first aemiconductar'region,
_with an impurity of the aamé conduction tybé asathat'
of said first impurity in a qdnceptration lower than
that of aaid_first iﬁpurity region} and - |
(g) the step of doping the apifaxial layer other than

20 that over said first samicondactor region witﬁjan
impurity of the'same-aonduétion as_that of said.aecond
.impﬁrity in a cancenfratiballawer fhan that of said

- second semiconductor region.

25 19. A procesé for manufacturing a semiconductor |

ThlS Sheet Has Been R
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.oqcnentration of said second sxmtoiduwar. rejionis hig i ;hn' that of

said This is the row nelt aheet Dote:
said steps (b). and (b),f - ~ yng .thr
said epitaxial

P A S P PSP}

cIa|n1 51; wherein each ..tid fitston and . 14| second sem condnct or

hVs

'q

bodb ..

Ipl"

10

15

20

22 NOV SO .," (f)j;jﬂter_ .
; $nrfacC (i

tayer. e Wbi de<1*1| 175 Jtjs4 \i' mm m \mﬁﬂ\ Nerv?T A

process for a. sen1condvctor,, 4E18Xrattp d " rU wording to

region- -

~ Qaoj o- hlgher.than . t hat Lof ald, ‘'sem conductor- substrate

integrated circuit device according to claim 14,

further comprising; before elements'are.to be formed

'~ in said epitaxial layer.

- (h) the step of setting to a predetermined value the

impurity concentration of the epitaxial 1ayer portion_

below a third semiconductor region for a punch-through o

stopper, which is doped with an impurity having.the
same conduction type as that of the impurity of said

epitaxial layer and a higher impurity concentration

than that of the same impurity, when said third

semiconductor region for the punch-through stopper is

epitaxial layer.

20. A process for'manufacturing'a semiconductor

integrated circuit device according to claim 14,

: further comprising, before elements are to be formed

in said epitaxial layer-

(i) the step of setting to a predetermined value the -

: impurity concentration of the epitaxial layer portion'

below and over a third semiconductor region for a

punch-through stopper, which is doped ‘with. an impurity

'having the same conduction type as that of the

'impurity of said epitaxial layer and a higher impurity

concentration than that of the same impurity, when

This Sheet Has Been RTi
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SR .4.4 | Lo, , oL . X : .o
P 53 (hbmo A process forta senr|C|d r. 4 4 eA v, A C&ding To
cIa|n151 wherei n an |znmnzty Cppqcn*af q 1.| "q iiconductor
substrate 'body is a. *a' dte ton fl.XtO I’ t i

ARl
Xt ai NS~~~~~~ snB. ~—me 4 ; I"ﬂl'

"G x ' -devi~~~. 44." 4 " (46*n s/m. 4.i
.. 54 (ew). A procest for a. senﬁjletCU4Ctor1| te' % 4' . e; . "\ei ce
dcrdlag to cIa|n151,, furher. " m - the steps. "G ";.,j' ; fotmng

f f M | |
ia. 0 Tiror soRPagh b E o S Addhon £of dpe pistEitAfoiGh M one
ST o e i S g R L

pOSition in said epitaXial layer.

5 21. A-prodessufor manufacturing a'semiconductor
integrated circuit device according to claim 14,
wherein said first impurity is ‘an- n-type impurity
of phosphor whereas said second impurity is a p-type
impurity of boron. | | | |
22. A semiconductor integrated circuit device
: according to claim 4, | |
| wherein said epitaxial layer has a thickness of
0. 3 pm to 3 um.
15
23. A semiconductor integrated circuit deyice
according to-claim 1, |
wherein said epitaxial'layer has a thickness of
0.3 pym to 3 pm. | |
20 o
24. A semiconductor integrated circuit device
according to claim 4, | |
wherein Said'gate insulating film has an oxide
film formed by thermally oxidizing the principal plane |

25 of said epitaxial layer.
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;. fornting afipair of sencoinducbo Ygoi dd eft.l8ek.;oyer said~L+ujst
~-seionductor region sen~ing nb;*.'Qu -ioniid—~*aT’V$T¥§ion of 'W-d rst

el onductor Cregione | VPO PRZE @\\\\\\\\\\\\\\mﬂl\uﬁ; .

pair of sem conductor 'tg'jos; in zstad pH#x41 rcover %Sai’d

sem conduct or, region, serving f squon ce" annd a ri region’
M'd." tstitsecond M SFET and havinhg a cbtsodj ti ty.pe VAP .y.5 . of said
fis This is the rero aPi -.eet sheet 2 NOV VA$ - 126 second sen1conductor
region. - 25. A semiconductor integrated c1rcuit device

according to claim 1,
wherein said gate insulating film has an oxide
film formed by thermally oxidizing the principaliplane

5 of said epitaxial layer.

26. A process for'manufacturingda semicondnctor
integrated circuit device acGOrding to.claim'17,
further comprising. | | ) |
llO , (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 insulating
£ilm of a MIS FET.
15
| 27. A process for-manUfactnring'a semiconductor
integrated.circuit detice according.to claim 18,
further comprising: |
(k) the step of forming an oxide film over the
20 principal plane of said epitaxial layer after said
. steps (f) and (g), | | '
wherein said oxide film forms the gate insulating

film of a MIS°FET.
25 28. A process for_manufacturing a.semiconductor
il;’-/ff"”’
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55 (New). A process for a sem conductor int egrat ed integrated circuit
devi ce according to claim 4, further conprising the orm ng an
el enent - i sol ating. insulating in-said epitaxial | ayer said first
seni conductor region and said second . 120 semi conducrm‘ "’
56 (New). A process for a‘seni-conductor T_fegrated Iuml m
according to claim 55, further conprising the step. of fornlng afir
. channel _ ‘within said epitaxial layer said first
“seni conduct-or regl on under said el ement isolating and a second c¢hannel
‘st opper . re i yer sai d second
Sem conduct or g}'r %%rat un eir.rcufg gei?%%eaﬁ%éégg}n%?ﬁg ?%‘%ﬁ %\Hér ein said
first channel SROBRSE ¢ " the sane conductivity said first
channel stopper. regi on %as tﬁf'néams conductivity type as said first . _
sem conduct or (yegi¥he @@bﬁaéfaﬂofﬁfﬂéléﬂ oxf@écfﬂiﬁa&{réf‘ than  4n that of
sai d eprtaxral - layer -

' principal plane of said epltaxial layer after said

. 5 step (e)r
' whereln said oxide film forms the gate insulatlng

' film of a st FET. '

i \‘iﬁ\’f i T e
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wherein said second channel stopper region has . conductivity type as
sai d second sem conductor region has an inpurity higher than that of
sai d epitaxial Jayer 57 (New). ‘A process for a sem conductor’

‘integrated circuit device according to claim 56, wher ei n sald st opper’
region - is in contact with said first sem conductor region

wherein sai d SEMICHONDIYITOR |INTHGRATHIRCT ROY 1T mxdsﬁsmm\cbams:onduct or
region regi on FOR MANURRUTURING tTHBS adAMB eni conductor region 8 . (New). A
process for a senmiconductor according to claim 56 wherein a botton1

portlon of salﬁsmﬂdqatom@gg Ilmsa,osunm cont act with said first:
| Oover a well region formed over a semiconductor
substrate body, there is formed of an epitaxial layer
_which has'a loWeriimpurity ooncentration.than that of
5 an impurity contained in the well region. _MOS'FETs o
| .are mounted on the epitaxial layer. | |
A field insulating film is extended in a depth-
wise direction to-contaot with the well region. The
MOS* FET have. their source/drain regions formed in'the.
10_:uepitaxial 1ayer to form a punch-through stopper layer

ibetween the sources. and drains.; SRS

Figures 1 and 42 .
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' : . ! MEFVLAVEMEN] ofthd
second. sem conductor region. . 59 (New) . A process for

a semiconductor integrated, circuit device accordf Nng g; Riwe o
sai d el enent i§olating insul ati ng filmis filled Irbﬁe

e“ el
in said epitax mum‘mml ng in contact W tjhpga,d. v
regi on and sal m‘mm uctor region, accdr4f WheaﬁdnB.?
“a bottom portion of sai d efenent. isol ati P Pnsul gt Chif" 4V PES! spagedcBntoapieed . —

wi th said sen condyct substrate body. 61 (New). Pﬂ@ﬁbs fph‘ged.::.to paged ..
seni conductommn devi ce accordifjg to claimb55. wherein a
bottom portion of said element insulating filmi$

i ntergrated. ctrcuit device according to cIaLm 51, wherein dai d. f| rst

conductor rggi Oﬂlqmnéﬁdéa §egp§§nmdaefa-uaﬁggmteaj eneaitedvéxdcqmbmpnsmg
interface portion between said epitaxi al’ Iéyer and sai d .sem conduct or

subctrate bddy . a first semiconductor regien forwed:” -}o-v-ﬂ-]- ifa semlconducmr

' sibdurate body: G Gt

an epitaxial layer formcd on

r . .
P -

-en-ﬁ-l— said first semiconductor xegmn, o

;o . an element: isolating insulating fiIm formed in sa1d epataxml layer and

\‘ %

extendmg to said first semconducto: o;egwn'

ﬂ
NP R

. a gate insulating film of a MISFE'E mcludm' g Ode. dm'whch is

,‘f"r : ed by thermall oxidizin sgid 'itafxihl la er und. whmh‘ xs formed on

,—Eoﬂveﬂ— said-epitaxial layer- R N n '
. .a gate electrode of said MISFET fo:med on -Eeav-ef}-r- sa;d gaw ‘insulating

ISP

_a pair of second semiconductor ragmns fotmed 11 sa;d ep1tamal ‘layer to

& construct the source/drain regions of smd MISFET,

a‘l'

- . wherein said epitaxial layer has atfnckness larger ~than the degr.h of
.s&d 5¢ cand semiconductar regions, and AT o ST

e wherem said. epuaxla,l layer has an impunty conccntrauon lower than

tl{at of said first semiconductor regmns. and

H
7]
¥

a third semiconductor regiod fomed at a position of 4 ppedetermmed
depth in said epitaxial layer to have a conducuon type uppdsne to that of
s;:d second semiconductor regmns and an unpunty concentratmn higher

than that of said epitaxial layer such t.hat a 6rtxon of gaid: ;tax:al layer
gesitloned over said' third semxconductor ;cg;on and a por;xon of sa1

'egltaxlal layer positioned under said. thm:l segconducwn tegmg _have an
mp_:gg_x y__concentration lower than that ot said third semrcgnguctor region,

This is the roplmmgﬂ.t- ashest
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63 ( New) —A—precess—tor—a—sem conductor integrated circuit according to
claim'51, wherein id ion-i'mplantion to formsaid first sem conductor
r égi on an(“m“H jiﬁj‘i c¢onductor region is performed by an energy
enough to urities at alwper portion of said

seni conduct or substrate body. 64 (New). A process for a sem eonductor

I ntegrated circul LhdesinCq ﬁﬁi%ﬂan%%;%&abﬁhQnu&}g_}i N8 fofmel! ash: @smsn

steps of |ntroduc CTrvIt 'Ype into said
epi t axi al lg ' \ ' a@btfd%mﬁ@cmmtms% 161’1’@? an
I mpurity conc ' ’ '

of that of Sél dwitiersin celdidsirdrsepsigonduciar dregion is 50 formed ‘at a position

shaflower than said second scmxconducto::-regupns 50 2§ xo;cgqtagt with said

second semiconductor regions. .

’
’
LR l" Y

" :2 (Amended). A semiconductor i'ute'gra.wa circuit;.n%e\},,i'c_e. .according to
claim 1, . . :". L
: wherein each of said second sermcomductor regmnsmcluﬂes a heavily
.dOpad -[-sogio-»sl— r_eg_x,g_gand a lightly doped -hegenﬂ—mp_arranged
between finside—ef]- said heavily doPed -kaegi-aﬂsl— eglog and a channel

'f gn__:_mg region of said MISFETWBW
3 (Amended) A sen‘:iconduﬁor‘. i'mq'gratéc} 6’it_cnitl dqx{iée;.zai;g:qr'dirig to
lclann2 . o IO

.
[T

' .wherem said third semxconductor reglon ‘has ‘lﬁs}- & 3 mazumum

i _'rg.gurux concentratwn -Lpea-wn-}- at a posmon -Lshal-}ngaMe—pme-d-

— > e al t th ofsat

Wy, oo . L RS '.-. .Y ,-: {.‘ . .‘
lightly doped region. - . R S

' 4'(Amended) A semiconductor mtegrated circuit, dev:ce accordmg to

clmm 1, further comprising: ’

.
. ’ 2

. a fourth semiconductor region Jeenteining-o-fiesi-itnpasit—oi-a—
' : junetion) formed in said
sémiiconductor substrate body an d having s conductivity “type opposite to

th'at of said first semicouductor region; and

" an epitaxial layer formed

Mng-an-mpusqu.nl on said fourtb se.gconductor regmn and baving
a‘lower impurity concentration than that .of said- fourt.h 'se’mrconfductor

;Qg;on, Tois b ¥ L opiavement sheet .

Detes 2200 86
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introducing an inpurity of a conductivity opposite to said first

conductivity—type into said epitaxial |ayer over said second

sem conduct or urity concentration of said inmpurity

i nt roduction \\B@ Im““ml pf- sai d second semi conductor region. 65 (New).
A process for micomduét ot intergrated circuit device,
conprising the steps of; preparing a senitdghduct or substrate body wth
an epitaxial layer which is formed on a main surface of said sem conduct or

substrate body and which has thickness of 0.3 [err] to. 3 [err]m
form ng by thermally OXIdIZI ng sald ITB.I n surfaceofsald eliaX|aI | an

and a drain regl gn of lsald MSEEI : sd] e

. ,' whcrcm said first semiconductor re ion_and Sﬂld f urth semwonducto

n are formed adjacently to each gther to form PN une oir between and

. wherein said element isolating msnlatmg ﬁlm is formed. to reach said

‘f‘ 1st_semiconductor region and said fourth semiconductor, regmn such that
‘saxcl PN jonction terminates at ‘fehe}. a bonom pomon of smd wlement

isolgting insulating film.
.5 (Amended). A semiconductor integrated circuit ds\'ii"c‘p‘ pé,gofding to
.clazrp 4, '
' rwherem sald element isolating msulatmg ﬁlm is formed m a -(e-h-a-a-n-e-l-]-
irench extending to 4+hel a upper péruon of said' eemmonduclor substrate

bady.

X L 6 (Amended) A serhicondictor mtqgmted cxrmut dcvxce dccordmg to

. Ve »
O *. Y
’

,:-clmm a, o B =
- '," wherein said element isolating mSulatmg ﬁlm mctqdes an -\ba-sa-l-a-t-l-n-g-l-
' 1ég film formed on fshe} a surface nf said -leb&a-a:&l-}- _;___;_xghﬁy a

.thermal ‘oxidation ' method. el oo e
e ) ""\ ‘ o ‘I :.' ' '\‘-. :.- --.“; '

' 7 (Amended). A seimiconductor - intégrated circuit device. acoording to

\',l

clmm‘%, | L '} ;'. A "

R wherem, of said epitaxial layer, the hpnamal laycr m an ﬂemem
fortmng region for an- electrostatic pwtectmn cxrcuxt -ke-bq—ﬁmahod-t-el-

This is the replacement sheet
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66 (New). A process for a sem conductor integrated circuit device according
to claime65,~whierein an 1npurity concentration sem conductor substrate body

|sarangefr rto 1 X 10 atons/[err] 67 (New) A process.
for a senmi.con w ml I‘HHH l% ci rcwt_dew ce according to claim®65, _

further conpr efore said okide filmforming step inpurity

an inpurity by usmg -|rrpl antation to forma first step I nt roduci ng
an | ayer such that an inpurity concentration of said first

sem conduct or regl on higher than that of said epitaxi al Iayer .and

form ng an eJegE isolatin |nslat| N sald ert x|a|
gre an input cifcuit 4{consd Sidemicent

aud a power circuit are to_be. formedhas ‘its mpumy concentmtxon set' equal

E'tct or hxgher than that of-said first semtcanductor regmn [,

v,"
Y

8 (Amended). A. semlconducxox‘ xﬁtegmted cqumt ctevzcs ac;‘.qrdmg to

l
Yo

.
., .
" " .

}ﬂmnx4 . ] L 'ﬂ I LQ
*,Wherein an analog circuit is constructed gx g gg §g1d MISEET

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

wherein, of said epitaxial layer, the epitaxial
layer in a memory cell forming region has its impurity
concentration set higher than that of the epitaxial
layer in an element forming region for an internal

circuict.

o ."- 10 (Amended). A semxconductor mvegrated cxrcmt dahce- accordmg to

¢la;;n 4, ° ' SR . o
- wherein, of said epitaxial layer thc: opltmal layer m.a memory cell

e 3

formmg region has its 1mpunty concemratzon set, belqw r.he semlconductor
rsgmn -ie%hor—-iha—-&h-a-d— to be conneate& th.h a data lme,‘to 8, valie higher
than ‘that of the epitaxial. layer in the eIcment formmg regdon for an internal

mrcuxt | B PR R

Thig |8 the replacement sheet
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wherein said first sem conductor region has a conductivity type

opposite to th ll l“ em conductor region, wherein a bottom
portion of sai ‘“ﬂ r“ﬂﬂ “Mllﬁl“ﬁg insulating filmis in contact with said
first sem conductort feglfon® 68 (New). Ajmcess for a seniconductor

integrated circuit device according to claim67, wherein a bottom portion
of said el enment 1llsol & isemiconductor finbtegrated coinceit vienicai d -

sem conuct or substrate body. ,68 (New). A process for a sem conductor
substrate (New). aggaustingite «t@ime¥; wherein sem conduct or

integrated device at an interface portion between said | ayer and
si ad substrate body. '"hRFeMEGaid PeReEE ¢}l ol i BIRRR ter1] PEgRat ed

devi ce according to claim67, wherein said ion inplantation to formsaid
first dynamic random access memory, a memory cell of a

static random access memory or a memory cell of a read

only memory.

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

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

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

MOS* FET and the data line.

13. A semiconductor integrated circuit device
according to claim 4,
wherein said epitaxial layer is equipped with
memory cells of a static random access memory, and
wherein the epitaxial layer below the
semiconductor region for the source/drain connected

between a transfer MOS:FET and a driver MOSVFET, as

This is the replacement shest
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sem conductor region is performed by ener gy said 71 (New). A
process for a senmi conductor integrated circuit device accordi ng claim 67,

wherein an i npu ummmw tjon sem conductor region region is hi gher
t han that of sam“mm‘ body. 72 (ﬁg) A process for a
seni conduct or i ntregfatkd 'tir'cui't device cording to claim65, further

conprising the step of before said gate el ectrode form ng step, including

an  of a conductigbhytiyee Qﬂﬂésinéﬁoi'? chhgg, Oﬁa§aiés pﬁhﬁufity?a' d
sem conductor regions in said epitaxial layer. 73 (New). ‘A process for a

sem conduct or i nt agsrcEtteatioht set to a value hz.gher than that of the
epitaxial layer below the semiconductor region for the
source/drain, as connected between said transfer

MOS- FET and the data line.

14 (Amended). A process for a séfﬁigondﬁ{:tpr.'inté;g't'a:t_qd,.' ci}i'cm't device,

(a) the step of dopmg a senucondnctur substza:e. bedy' thh a first

. .
‘l

xmpumy, AR . ..' o

. l|'

(b) the step of doping said szmacongluctor substraxg bod)r wuh a second

v .
*

1mpunty. ' P 3 " I
(). the step of fomung an eputaxm] 'layer over -[-Hape;- B pnncxpal plane
a{ -[-t-h-e-]- said semxconductor substrate ﬁody whxcb has been dcpcd with
«smd fitst impurity and said sepond xmpumy, :. LR
(d) the step of formmg a cap ﬁlm over saxd epu'axxa-l .layér‘ and
: 4., (€) after said step '(d), the step ot' formmgt a first semlcmdncmr region
a.né a second sen:uconductor region mdwrduaﬂy by sub_;ectmgr 4&-9-)— said
‘semlconductor substra.te body fonned wuh sau.d said zpitamal layer. to a
thermal diffusion :rea.tment ‘to diffuse’ smd flrst xmpu:;{t'y gn'd smd second

mu’uruy - BCUEA R S

15. A process for manufacturing a semiconductor
integrated circuit device according to glaim 14,
further comprising: |

the step of subjecting said semiconductor

substrate body to a thermal treatment for recovering

This 1s the replacement shest
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accordi ng to claiwéé—ﬂf—&m—her—-a}nfpri sing the step of form ng apunch
t hr st lon at a i)05|t|on of a predetermned depth in said

epltaX| al |ayer H mnw unch through stopper region has an
opposi te conduct

onduct|v11§ type of' said pair of said
sem conduct or regions and such {hat said t hrough stopper reg| on has an
I mpurity concentratjon_ higher than that of said wherin a

RERoRHFAgh ShLhsar ot
potrion of said epngﬁlgFmﬁ §|FFGﬁ€dtB@eﬁt§Rﬁdofp&H HF&H&hs ngéFs
region and a portiop of s 03| |one

thrgugh SLOFEer rﬁg +BRYRY ﬁﬁg F&?S Pﬁ? §m§%4§%§? @h%%@ f
sai d punc rough sto I a sem conduct or
integrated circuit 3% §$ é %Ngﬁg nggxgéﬁere&hEéa|d punch through
stopper region is is forned to be in contact with said pair of said

sem conduct or regions.

16. A process for manufacturing a semiconductor
integrated circuit device according to claim 13,
wherein said thermal treatment has a temperature

of 900°C to 1,100°C.

11 (Amended) A process for a sem;condncton mteg,rawd circuxt dev1ce
uccordmg to claim 14, ' " .::' .o " , .; i =f~'., S
~wherein a light]ly doped region havmg ne impuxzty dlffimoﬂ is left in
M_m_:gi_y__lauby at least 0.3 wm’ from -kh-d- z prmcipal plane of said
ep:taxxal layer -{-ﬂ-«ud—ﬁusmd—étﬁhmﬁa—%a—n—d} when. $aid first

1mpur1ty and said second impurity are. tb be chffused mto satd epxtamal layer

g-sa;d thermal diffusion step.’ ‘ R . ’

. .
* »

18 (Amended). Aprocess for a, semconductor mtegratcd cu'cmt device

a;:cordmg to claxm 14, further compnémg. be“fore elements nrq -ke—b-e!—
form#.d in said epitaxial, layer:: SRR .- L e
() the step of doping’ such portmn of saxd epuamal layer as overhes
,sa:d first semiconductor region, with .an’ ﬂnpumy of rhe same conductxon
type as that of sajd firse nmpumy in 4 concentratwn lower tha;n that of said
‘first dimpuriey} s __e_g_x_c_pmregmn, nud S AR
- (@) the step of doping : ol Laysr-osh st

ggg chnd semiconductor region, wuh an 1mpur;ty of the same conductxon
typc as that of said second 1mpunty i a cnncentranon lbwer ifhan Ihat of

sgid sécond semiconductor . region.
Thit 18 the replacement sheet
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75 (New). A process: for sem conductor integrated circuit device according
to.claim73, furtim mmlmmmt ep of: forming side wall spacers on side

sur f aces of said‘ Iuﬂﬂ said M SFET wherein each of said

sem conduct or regi‘on % nél ulles® a *first dopegigubregion of relatively |ow

I mpurity consentration and a second : doped subregion of relatively high

betveen sai d doped s dBr-egRoTaRRES ERBMER-EFOR HIE reqren 5 iaddhaee
A SRR I L W RIS R U S ARG
gat e el ectrode. g
further comprising, before elements aré to be formed
in said epitaxial layer:
(h) the step of setting to a predetermined value the
impurity concentration of the epitaxial layer portion
below a third semiconductor region for a punch-through
stopper, which is doped with an impurity having the
same conduction type as that of the impurity of said
épitaxial layer'and a higher impurity concentration
than that of the same impurity, when said third
semiconductor region for the punch-through stopper is

to be formed at a predetermined depth position in said

epitaxial layer.

20. A process for manufacturing a semiconductor
integrated circuit device according to claim 14,
further comprising, before elements are to be formed
in said epitaxiai 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 éame conduction type as that of the
impurity of.said epitaxial layer and a higher impurity

concentration than that of the same impurity, when

This is the replacement sheset
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sai d second doped subregions are fornmed in self-alignnment with said side
wal | spacers. 76 (New). A process, for a sem conductor integrated circuit
devi ce conprising the steps of: preparing a sem conductor substrare body.
with an e fogmed on a paih surface of said sem conductor
substr at eqdlmnmm‘m“lmms, %t hi cknes¢ddf 0.3 [err]¢to 3 [err]. formng
by thermal |y oxidi z*ng®satd main |ayer an oxide filmconstituting a gate
insulating filmof_a MSFET. 77 (New). A process for a sem conductor

i ntegrated circfididethted a%%?-ﬁ?ﬂ@uFEOEI 5eg{98, faRerRenPURChNEhFPugh
concentration of_ said sem conduct substrate bod x 10 [err]
to | X 10 [err] SAPRE®R)1S At Bee gr‘F'Sﬁi ﬁtsén?fﬁﬂéﬁﬁf’ﬁin? tgﬁPE’E‘ed circuit

devi ce

position in said epitaxial layer.

21.- A process for manufacturing a semiconductor

integrated circuit device according to claim 14,
wherein said first impurity ié an n-type impurity

of phosphor whereas said second impurity is a p-type

impurity of boron.

... 22 (Canceled). . o .
U023 (Cameeled). - .l Emae

v P )
‘i t 24 (Canceled). | e T g .
“ 25 (Canceled). B T

' ‘. 26 {(Amended). A process, for a szmxcondumor mfﬁg;ﬁted mrcuu devu:e

mq&rdmg to claim 17, farther compnamg. L :-' - '

0) the step of formmg an omde ﬁlm .hne.:-;r-h-e,l- a gm,nclpnl plane of

eﬁﬂaxlal layer after said step (e), o Peom
v “wherein said oxide film forms -Ee-h-e»}- 2 gate’ msula!mg ﬁ}m of-a MISFET.

' ‘ :n L ".. ° ..
.
! ‘ H

27 (Amended). A process .fOt a semiconductor mtegfateﬂ cn'cmt devlce

.aecerdmg to claim 18, fusther compnsnrg C o e ;

td
e *

(k) the step of formmg an oxide ﬁlm -[mm—d-hhe}- gn apnnmpal plane

Thiz is the replacement aheet
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according . to claim77, wherein a conductivity type of said epitaxial |ayer
IS the sanme—as that dT‘sal d sem conduct or substrate body. 79 (New). A

sem condu | I‘CUI t device conprising; a sem conductor.
substr at e[‘ m L taxi al l'ayer which is formed main surface of
10 W y

said sem and whi chhas a jigan insulating filmconstituting
film of a MSFET and including an oxide filmforned
by thermal ly oxidizing sai d surface of said ep| taX| aI I ayer. .80 (Nevv) A
sem conduct&rsﬁ@teﬁmgﬁ 3 d ‘f' : ; R

concentrattoh’ of “sal co o[y

i ntegrat ed gyitagigICliver aftei'e‘sai@euepsa(@)fﬁﬁdlggg, tq chaim -;.'._-
..-.:: ~ Wherein said oxide ﬁlm foxms -rkhﬂl- Y gatq msulqtmg fxlm of .a MISFET.

28 (Amended) A p‘tocess for a senii&ond_ﬁéfqh -intﬁ'gr;'tj;t_}_-; ci?éu'n device

. Al

accordmg to claim 20 further comprising:.

' {I) the step of forming an oxide film 49%5—:-11-0!- on, a princ:pal plane of
s(ud epitaxial layer by t hermallz oxxdtzmg said 21'1!1612&1 p‘lage of sa;d

[4

_gltaxlal layer after szud step (e),

N wherem said oxide film fotms -[-bh-el- a gate xnsuhtmg film of a MISFET

-

4, 29 (New). A senuconductor mtegrated circuit devn:e cumpnsmg
a semiconductor substrate - body, Co

. an epitaxial layer. formed on said semxcondu.ctor subszr;ate body and

. ’t

havxng a thickness of'0.3 pmto 3 xm; - '
a gate insulating ﬁlm of a MISEET including ap oxxcle ﬁlm which is

:fonned by thennally oxidizing a main surface of, said epitaxml lhyer,

" 3 gate electrode of said MISFET fonnad on 'said gnte.- msulatmg fxlm,

' ', and :

. [ Lo i, 4 |_‘. L.

: 3 pair of semiconductor regions formed in said epitaxial layer and
'-s:ér\}ing as a source region and - drain region of said MISFET i

30 (New). A semiconductor mtegrataﬂ cireuit devrca according to claim

29 wherem an impurity concentration of said semxconductor substratc body

'\

i frbm 1X10 atoms/cm3 to 1X10 atomslcmB . ! o

»

. 31 (New). A semnconductor m;egramd cirtuit dev;ce, accordmg to clmm
29 wherein an element isolating msulwng film 1is: formed un saxd epitaxial
‘la,yer AR '
Thig is the replacement sheeat
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80, wher erma ——conductivity-type of said epitaxial sane as that

of sem con W). A process for a sem conductor wafer
‘conpri si ng mmmﬂ an epitaxal |ayer which has a thickness of 0.5
[err] to [ of a sem condqycg or substrate (New). A process

for a sem conduct or wafer according to claim 82, wherein an inpurity

concentratjon of said is a 34 (New). A process for a sem conductor

waf er accor dj*hgy (Newd)l aAnsenticondacter nmtagmmtlucﬂrcwt xqﬂme,/pec@#lwutq claxm

epitaxial is the sanme as that of said senj conduct or subst I fe bod

(New). A sem édtpeteint ar chainel stoppet segigna isstormed quishis sauﬁspmx bléc!f’-"and

an epitaxial’ Layer formed on a'nain surfat of said. Sem ¢onduct or
undcr said element isolating msulatlng eﬁfm Whefem sai channe stopper

regmn has an opposite conductivity type ‘to a conducnvny\ type of said pair
of szud semiconductor rcgmns and hag, ap impurxty concentratzon Chigher tnan

tl;at_ of said epitaxial layer.

LI
.
% . -
& ' LIS PR
.

33 (New). A semiconductor mtegrat.ed circuit : devme accordmg to claim

LI )

32 “wherein said channel stopper regmn is in contdct wlth fsaxd

semiconductor substrate body.

Y.
.
K ]

H]

" " 34 (New). A semiconductor integ’i'afs’:d circuit devic'e Sécbrdiﬁg to claim
32 wherem a bottom portion of said elemem 1sola£mg msulatmg film is in

cqnf&a with said semicoaductor substrate body. .- SN

., 35 (New). A semiconductor mtegwted cireuit dev1ce accardmg to claim
..31 \vherem said element isolating 1nsulating film is. ﬁlled. m»a trem.h portion

'furmed in said epitaxial layer.

" 36 (New). A semiconductdr mteg:ated cxrcuu devmex a::cordmg to claim
29 wherein a punch through stopper xggmn is formed at d posmon of a
predetermmed depth in said epitaxial - ISyer. wheérein saxd punr.h through
smpper region has an Opposue conductxv:ty type to a couduo‘nv;ty type of
'§znd paxr of said semiconductor reglons' aqd has «m umpunty co.mcentratmn
hig‘her than that of said ep1tax1a1 layen wherem a pomun nf saxd epxtamal
,hyer positioned over said punch r,hroug;h stopper regmn ent-i ; pomon of
sa:d epuanal layer posxuoned under sa1d pu.nch thmugh stopper‘ region have
an ampumy concentration lower than that of sax.d p’unch th:ough stc;pper |

.
, ’.v 'v

.r!gl.on . o : : ST " e
This is th repiacement sheet
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133 86 (New). A semiconductor wafer according to claim85, wherein an
impurity conecentration GT"'é'ai d sem conduct or substrate body is a range from

[err] [err] to |l . . 87 (New). A semiconductor wafer
accordi ng toEm ﬁ“ g‘ a conductivity type of said epitaxial |ayer
I's the sane al d*sem conduct ofggubstrate body. :

37 (New). A semiconductor -integra;ed cx.touxt dev.xc,c.; acco'rdihg to claim

"36 whercm said punch through stopper regum is formed to ‘be xn contact

- 3
:

'mth said pair of said semiconducror regwns

. .

"
n‘ ' et 0

* 38 (New). A semiconductor mtegtated cu'cu:t devme con:cprmng,

* ¥ ra semiconductor substrate body; * L

- an epitaxial layer formed on said semxconducmr substram bedy and

hawmg a thickness of 0.3 ym to 3 um; o Y
© g first semiconductor region formed -in szud epnaxxal lhyer such that an

.Jr;punty concentration of said first semzwnductor regmn ’is hxghcr than an

unp:unty concentration of a surface portmn of saxd epxtaxla.l layer at an

element forming region of said epltamal layer, . IR |

.+ an element isolating insulating- ﬁ}m formed m smd ep:tax:ml layer such

‘tl'tat 2 bottom portion of said efement 1solarin° msulatmg ﬁlm Is. ‘in contac:

2
s .

wn,h said first semiconductor region: EER S
" .a gate insulating film of a MISFET m;cludmg an onde ﬁlm which is
fn.rmed by thermally oxidizing a mam sm:face of 'sard epmaxmr layer.

‘a gate electrode of said MISFET formed: on saxd gate msnIating film;

" -and ' , ;: I
a pair of semiconductor regmns formed in said epﬁaxml layer and
servmg as a source region and a drain. regmn of satd MISFE‘T
' wherem a conductivity type of sajd first semxconductor regibn is

o;pos;te to that of said pair of said sermoonducwr regmns. P

st

39 (New). A semiconductor mtegxated circuit Aemée accordmg to claim

38‘, wherein said first semiconductor regxon is formead at an, interface portion

between said epitaxial la‘yer and said semxconductor substrate» bodv

40 (New). A semwogductor mtegx;ategi cu'cmt devwe accordg_ng to claim
This is the replacement sheet
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38 wherein a punch through stopper regmn is farmed a 'y posmon of a
pxedetermmed depth in said epltaxial layer wherem sam ,punch through
stopper region has an opposite conductwaty type to a- conducqvxty type of
sald pair of said semiconductor reglons and has ‘an unpunty concentmtxon
lugher than that of said epitaxial layen, wherem a pomon of saxd epxmxxal
lgyer positioned over said punch throngix stopper regxon and a pomon of
saxd epxtaxxal layer positioned under md punch through Stoppar region have
uan xmpumty concentration lower than that of sa;d punch” mroygh stopper

ré.gmn

41 (New). A sem;conductor mtegrated cxrcmt device neco:dmg to clmm
40‘ whzrem said punch through stoppea' rcgmn is formed t.o he m contact
wi’th said pair of said semiconductor refgxons Lo ,f'{,.:'. :

¢
:l,..
'-..

. l 42 (New). A semiconductor m:eg;ated cn'cuxt devxcé. acqordmg to claxm
4Q; wherein each of Sald semicondictor . :sgmns mcludes .4 ﬁrSt do ped
sﬂhregmn of relatwely low impurity, concéntrition and. a second doped
suhregxon of relatively high impurity concentratmn such that said first
dopsd subregion is formed between smd second- doped” subrdgion and a

channel forming region of said MISFET

: -
. C Ty

N 43 (New). A semiconductor mtegratgd circuit dewc‘e accm:dmg to clairo
38 wherem an impurity concentration, «of said.- first sem:,qonducwr region is

‘a .

lugher than that of said somtconductor substrate’ body., 5

44 (New). A semxconductor mtegratgd cireuit dev;ca accordmg to claim
38, wherem a bottom portion of said element xsolau:ng msulahng fitm is in

cont’act with said semiconductor substtate; body-

Fhia is the replacement sheet
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' , 45 (New). A semiconductor inzeg'p‘éiéd cirgudt devicé .,jl;qx_ngfi,sing:

,asemlconductor substrate body, | _ o |

an epitaxial layer formed on sald sermconductor substrat;a .body and
ha.vxng a thickness of 0:3 xm to 3 ,um, RS '
4 ynemory cell of an Electrically Emsable Prugrammabie ROM,

‘ satd memory cell comprising a first gate msula.ung fxlm, a ﬂoatmg gate
ele&tmde formed on said first gate -ms‘ulanng ﬁlm, a second gate‘ insulating -
ﬁlni formed on said floating gate elec(rode a cpatrol ga&e 'eleétrode formed
o‘n Smd second gate msulatmg ﬁlm, ‘and - &pmr of sex;uconductor regxons
formed in said epitaxial layer and ser\ging as a’ souxce regmn .and a dram
regxon, v
" wherein said first gate insulatihg fllm maludmg an oxi.de fiim -which is

a‘:ormed by thermally oxidizing & main. surface of said eprta{mal layer

. 46 (New). A semiconductor mtegrated ccireuit - devzce; adcqrtﬁng to claim
4&, wherem said floating gate electrode xs an ,electrode for stonng the charge
tq contnbme to the storage of informaubn. wherem sald con{rol gatc
e!ectrode is an electtode for controlhng storage 'and dmchax:ge dﬁ :he charge

tq -contribute to the storage of mtormatm’n
1

47 (New). A semicoaductor. mtegraze‘d cireuit dev:ce m:cordmg to claim’
45, wherem a portlon of said epitaxial’ layer for a memory .cell fbrmmg
'regmn has the same conductwuy type as ‘2 portmn of szud \qpna.fxal layer for

| an internal circnit forming region, wherqm said: ep1tax;ai layen far said
memory cell forming regwn has an ampuﬂty concentratmm set h.\gher than

.that of said epitaxial layer for said internul circuit forrmng regmn

This is the replacement sheet
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" 48 (New). A semiconductor mtegratcd cm:uu devace a.ccordmg o claim

123

4"1 wherein an element 1solatmg msaiatmg flm is fomxed "in sald epitaxial
laygr such that said element 1solatmg ms,ulatmg film xsolases saxd memory
ccl.l forming region and said internal cxrcuu formmg regmn whe’rexn a
:bottom portion of said element 1solatmg insutaung film” 1s ;n contact with
.smd semiconductor substrate body. . . '_ _ _::

. 49 (New). A semicanductor mtegrated circuit, devxce campnsmg

' a semiconductor substrate body; ° ." - [ ‘-: '
. an epxtaxml layer formed on said senuconductor substrate body and
havllng a thickness of 03 umto3 pwy such that a portum nf sud epitaxial
:layer for a memory cell forming region ‘has the Samp conducuv;ty type as a
.pbrtmn of said epitaxial layer for an 1ntema1 cxrcmt forfnmg wgipn and such’
“that said epitaxial layer for said memogy.. “cell formmg regzon Ilas an impurity
‘opncentratxon set higher than that of smd epxtax:al layer fdr s:ud internal
,circuxt forming region; . k ‘ o

" a first gate insulating film.of a MISFET for a. memory t:eli mcluchnv an
o;ude film which is formed, by thcrmally cmdtzmg 2. ma.gn surface of said
prtaxlal layer; e '_. ':
" " a second gate insulating film of aMISFET for an elemcnf for‘ an internal
cn'rcuxt ‘including an o:ude film which s formed by therm%tny oxldlzmg amain
surfa.ce of said epitaxial layer; -
_ ' a first gate electrode of said' MISFET for said- mcmory cell for:med on
said first gate insulating film; R o

) . becond gate electrode of said MISEET for. said e’lemcnt for said internal

qircmt formed on said, second gate insulating fxlm v - '

a .pair of semiconductor regions farmed in saad pomon of. smd epitaxial

This is the rqﬁmmmt sheet
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124

layer for a memory cell forming regzon and servmg; as o sourcq regmn and a
d:am region of said MISFET for said memory cell,

. .-*' . "and ' ‘

. . a pair of sem:conductor regions fbrmd in’ sald pomon ‘of satd epitaxial
] layer for an internal circuit fomung regmn and serving as a son:t:c region

n,md, a drain region of said MISFET for smd elemem for smcf 1hternal circuit.

,
PN

SO (New). A semiconductor mtegrated cucult devxce. accordmg to claim
y 49 wherem said memory cell i is o memory cell of a dynanuc fasdom access
'memo:vy, a memory cell of a static randmn acccss memory,\ er & ;memory cell

"of g-read only memory.

.o .

.51 (New). A process for a semlconductor mtegrated czr.c\nr dev1ce,
"‘compnsmg the steps of; L |

.. (a) preparing a senuconductor substrate bodyl thh An cpxtqmal 1ayer
'whu:h is formed on a main surface of saif scmwonductor s'ubsuatc -body and
'whmh has a thickness of 0.3 pzm to 3 xm; - ' " L

(b) after said-step (a), introducing 4 first’ miptmty mto a fir.‘st n:gmn of
a.'-mam surface of said epitaxial layer by usmg mn-:mplantqﬁgn to form a
ﬁrst semiconductor region of a first conducuvxty type in: sald epnaxxal layer
sxich that an impurity concentration. of saxd first semwondqctor region is
,hxgher than that of said epitaxial layer; B .

' .{c) after said step (a), 1ntroducmg a se;cond 1mpunty mtp 3 second
.regmn of said main surface of said epitaxial layer by usmg mn-zmplantanon
no form a second semiconductor regial of d conducnvu:y typa «opposltc ta

"sud first conductivity type in said eplm-xml layer. such that an lmpunty

.cqmentratmn of said sacond semzconducmr rcgmn is hngher 'than that of said
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Date: & 2 NOV 8%



—_—

—

[ Illlll i IIII

125

epxtaxlal layer; and ' T e .' o i

s .

(d) after said steps (b) and (&), farm,mg hy thermul}y oxzdxzmg said
i mam surface of said epltaxza! layer an oxrde fr.hn aonstg’mhng m oal;e

“u.'

mSuIanng film of a MISFET - ‘_f'. S

S \ sa
’ 4 = . ‘. LI O [T

. . O . P (LIS vy '-.

LX) . ’ "‘ . . .,' v - i

2252 (New). A process for a. semlcon;luctor mtegratpd' cu'cun* dav:ce

u.'..v.
"o,

‘( s

'a;,-cordmg to claim 'S1, wherem each. of sa,xd f' vt sequenductoxj teémn and

a.td second semxcondnctor regaon has m J'mpunty cbnnenh'ationv hzgher than
that* of said semiconducter substrate bod,y ’ S

I‘ .
! K]

" ’ 53 -(New). A process for'a semwcnductor ;ntegral‘.ed" cm*.uit devsce
e abcm'dmg to claim 51, wherem an 1mpxmty cpncantratwn mf sax&

’ |‘\ '; . l" wh

sgmmonduetor substrate | body is a. remgre.,= from'. lx},O atoxmlcma to 1X10
agomslc;m:i : .. T S TR "--l":,‘:: ‘.'-_;;-

. . “ L . .
N .' ',' ) . .t . e
. . . 29 . .
: . ):- ) ¢ 3 .' e ‘\ : * b L l.
)

n . 54 (New). A process for a. sernwondl‘tctor. mtegrated ctmm‘ -dewmc

f
.Il ".,Z

acco:dmg to claim 51, further compnsmg ;he steps 2 BETTN
.. -forming a first gate: electrode of a fn'st MI&FE'I‘ on.sai& gata msulatmv
ﬁlm over said first sc’mxconductor regmn ‘and a necond gate eleqtrode of a

"11':

sgy:ond MISFET on said: gate msulatmg fdm over said sesond semm(mductor

se R '|-"

'resmn, - ' A -‘ Lo e
- . N ; 2

formmg a pair of' sermconductor fegions, m said epxts,xialf layer over said
‘fusr semiconductor regm, serving as, a sem'cc ne,gmn and a drarp regmn of
s'axd first MISFET and hav;ng a conducnv;ty type opposlﬁc to thar of saxd first
"samiconductor region; and ° ' ’q::;;‘-. " L .:. ’ ;. .
; :f,omnng a pair of senuconductor l:egmns, ,m sax;i cl;xtnxlal layer over said
'sacqmd semiconductor, regmn, servmg «as a source mgxon and a~dt‘mn -region

og ‘said second MISFET and having a cOnductmty type Dpposﬂ‘é- to that .of

This is the repiacement snest
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'said.second semicomductor region. - it P

‘e BN ’ ’ %
w, ! [ . “ .---. . .'_-_ - .

"ecording to claim $4, further compnsmg the step of, ; " 5 ‘:.

%"‘ '
I'

meung an elemant isolating. xnsulatrng in; smd cpztanal "layer over said

ﬁrst sc:zmconductor region .and ‘said, Seconﬂ semwoﬁductog reginn. .

’
‘e . . ’ N Ny
¢ . . ] e Y
‘. . - . N ' . N
Vo

56 (New). A pxocess for a semcouduczor : mtegxated quc:uxt de\uce
accpng to claim, 55, futther compnsmg" the step Ot‘ 'Z»l::,-': -

" | formmg a- first channel stoPper regldn, mthm sald .e.pi'taxml laycr over
'snd ﬁrst semiconductor region, under sud el¢men‘t mo]auﬁg mSNatmg film

und~ a second channel stapper regwn. wzthm sa1d ep;taxxal* !ayer over said
second semiconductor reg:on, under smd\"glement molming' msmlaung film,
, wherem said first* channel siOppc,r mgzon has tb@ snm; conductxvuy

|'

type »s said first semmonductor rcglon and has‘ an; a,mpumy co'ncemration

b3

:hig}mer than that of said ppxtanal layer, E '.; ."' T

. I_
\ . H .“."-‘,
. A ' -' --';l LN ‘.'v‘
l '1
Q"t

Lo .wherem said second: channel stopper x¢gmn has the :~sqme, cpnducthty

'type' as said second semmonducto’r reg ,and has @n mgumy co,ncemrauon

_highz‘r than that of said epxtaxlal layet : " e AU ’1
Fyy T A ‘ PR

Ve . M .
q-v-

N .
,n . f-f.
s

5‘? (New) A process for & semlconducto:- mzegfated b.itcm dcvx ce
'-wuording to claim 56, wherem sazd fu-st‘i-:hannel. smpper s rggmn ms i contact

mth said first seunconductor regmn, wherem sa;d amnd *t:haxmel stopper

;regmn 'is in contact with said second semiconducior regron. o

B
'
by L,
’ . " .
e i :- . ,:'," . .."'.
s

.

. : e
" ‘n L] Tt
KL oy

. ‘38 (New). A process - for 2 semmnndqctor mtcgrateq' cin:m@ devmc
ammdmg to claim 56, wherem a‘bo;tom port:qn of sard ﬁlqmept vlsulatmg

l\,

'msulatmg film is in‘ ctsn;act with sald ﬁnt, semmnnducmr l:g’gmn ‘and said
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second semiconductor region. .
toey 2

9
v \‘

59 (New). A process for a semicondnctor xntegrated cn-cmt dev:ce
acdordmg to claim 58, wherein said element 1solat1ng msul’atxng ﬁlm :s filled
m 4 trench portion formed in said epxtax:,al layer jad bemg in ‘contact with

émd first semiconductor ‘region and saad second semxconduetor regton

n ) -;_.'.-

60 (New). A process for a sem‘iconductor mtegrated cn'cmt device
ac;cordmg to claim 58, wherem a bottom “portion of sand e!ement “isolating
msulatmg film is in contact wnh said semtconduo’toz' substtate' body

’ N
]
.

Y, 61 (New). A process for a semmcmductor mtegrated cn:cmt ‘device
. agcm:dmg to claim 55,. wherein .a bouo,m portron of saxd ﬂement,xsolanng

: msulaung film is in ‘contact with sa;d semiconductor sub;stmf.e body

62 (New). A process for a sem:conductor mtegrated cqcu:t ‘device
aécbrdmg to claim 51, wherein said first, semmonductor reg:on and said
second semiconductor region are formeds -at an m‘terface pomon ‘between
sald epitaxial layer and said semmonductor subsxrate boﬂy .

63 (New). A process for a semxcond‘uctor integrated c;u'cmt dev1ce
av:cordmg to claim 51, wherein said mn-xmplantatmn tonform satd first
seitmcondnctor region and said second sennconduotor regxon 1s perfo-rmed by
an tncrgy enough to intraduce sa1d unpumnes at a upper poruon ‘of said

sem-lconductor substrate body fooe ' .'

\ . [
R . . 4
3 .-

"64 (New). A process for 2 scmxconductor mtegrated ou'cuxt devxce

aceordmg to claim 31, further compnsing the steps of N

'o

mtroducmg an 1mpunty of 'said fizst condubnv;’ty' type' info s;nd -epitaxial

>
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lnyer over said first semiconductor negmn ‘such thdt an xmpumy

128

cqncentratxon of said impurity ml.roducubn xs lowcr than that of said first

v,
*

s&mlconductor region; and o -‘-.:'-"

‘ mtroducmg an impurity of aconducnvnty type. opposwe to saxd first
qo:x;lucnvuy type into saxd epitaxial | la:yer over, saxd second semzconductor
rqgmn such that an 1mpunty concgntrahpn »of said. 1mpur;ty mtroduthn is

lqwer than that of said second ssmxconducfor regmn o

65 (’New) A process for a semxsonductor mtegratqd clrcmt 'dev1ce

compnsmg the steps of; e T

R
(A

"
Var

prepanng a semiconductor substrate body wuh an gp;taxrat layer which

m‘fnrmed on a main surface of said semwonductor "su“bsn:ate bodv and which

.-‘..v
P

ha.s athlckness of .3 um t0.3 am;’ £

formmg by thermally oxtdmng sasd mam surfape of sq.ucL epmxxal layer

am omde film constituting a gate msulatmg film of a M’I‘SFE'I‘

4

;, - ;founmg a gate electrode of a MlSFET on saxd gate mstﬂarung* film; and

formmg a pair of semiconductor reg;ons. in said epxtaxml layer serving

as-*a source vegion and a dram region of sa:ld M‘[SFET A

e "
. .
w

66 (New). A process for a semmonducwr mtegxated ;;u'emt dcvxcc

nccordmg to claim 65, wherein an nmpuriw concentratxon qf smd

semmonductor substrate body is a range from 1><10 atomslcms to 1X10

atoms.’cm3 ' oL YL

»

67 {New). A process. for a semmonductor mtegrated. c:rcult devme
aapordmg to-clatm 65, fusthes comprisigig’ the steps, of: ",.Z :
before said oxide film forming step. 1ntrodncmg an unpumy by usmo

wn-xmplantauon to form .a first semlcondnctor region m sa;d epxﬁamal layer
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~snch tha: an impurity concenrranon of saxd first semrcondﬁctor ‘région is
* A )

hrgl[xer than that of said epxtaxxal layer; and A A

W ! l

fonmng an element -isolating, msulatmg in sau.d epttabual; 1ayer.

.c"

wherem sard first semiconductor: regmn, has 4 condﬂch‘\fxty "type opposite

'156 ’that of said first semiconductor regron. " S '.f-':-j);;' ot

wherem a bottom portron of smd clsment 1so!aung insulaung film is in

Qomact with said first sermconductor wgmn N B =:.'- ' ‘;'_‘-
. p "‘. 0 -\' o . '- ' e '- :"; ' :, ) "
. I . 4 -.‘ s, 5, e

i .' ‘9 -
68 (New). A process for a semxconﬂuctor mtegratodf cm;xiw device

:_aecox'dmg to claim 67 wherem a bqtno;n pomm oE saxd element rsolaun«r
'~,-1nsqlamng film is in comact thh saxd 'semxconducmr substrax;e body

. . . -' . .v " '.
'Iu . '_ v, [ ‘.‘.- ....,.':

: e 69 (New). A process for o semrconductox mtegrated "mcéif dev:ce
.,aecordmg to claim 67, wherem sazd flrst,.-semmoﬁduttor regm& uvformed at
‘im, fnlerfuce porlion hetween: sald eplmxinl layé: nnd smd‘ sbquonuuc tor

’ l.."_ '._h'-..
.substrate body. ,' o :--: : :

_ 70 (New). A process for a sem1condup;or 1qregratéd mrcm; devrce
aqcm'dmg to claim 67, wherein sard wp-:;mplamatwn no form kaa& frrsr

* l

'gemxcopdnctor region is performed by a;: ener.gy onough"tp mtroduce said
impurmes at a upper portxom of said sem,tconducxor substtrate body

LR ot
.-.-'.'u.. . : N "é L
( Dl

L

71 (New). A process for a somscondnctor mteg.rated ou'cun devxce
,aocofdmg 1o claim 67, wheretn an 1mpﬁ'nty céncen&rauon -0f saxgl fu'st
_'ssmiconductor region is htgher than that of sa1d *semxcondﬂctor s’ubstra:e

body : g SR
: N el . . i
te 1 , . :'. N :. C . 'll"“ ‘-_.‘ -.. Lt

« s a? 3
. AN S A
L e -r't ’d'

a2 . (New). A process for a semmonductor ,,uftegl;ated« t:rrcu!t dov;cc
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aocordxng to claim 65, further cbmpnsmg the swp :of:
' . before said gate electrodc fonmng step, mn'oducmg an m;pum) of a
':_canducnvuy type opposite to. that of saxd pmr of smd sé’mxcondustor regions

!.
B

'.-m szwd epitaxial layer. -y

.
.
e 4, N ’

‘73 (New). - A process for a se:micopductor mtegratﬁd cimmt devxce
.adcprdxng to claim 65, further coml:nsmg thc step of '
' forming a punch through stopper. region at a pos;ti\on of a s
ipredetermmed depth in 'said epitaxial, la.yer such that s'aid puneh through
,s&opper region bas an opposue conducuvxty type tQ a cqndul;nvr.;y type of’
‘:sa;d' pair of said semiconductor regmns. @ﬂd such that sam "‘puqch throuch
'stopper region has an xmpumy concentm'txon hxglwr thdn th*at‘ ef said
.epxtaxxal layer, _ .' A “; '_.*._' .

. Wherein a pomon of said epitaxm); layer posmoned over ﬁau;l punch
,'throngh stopper region and a portion of’sa.\d epitaxml layer stmoned under
'satd. punch through stopper region haye - an 1mpurity conc%mratmn lower
:-'Ib,an that of said punch through stopper regmn ' o

. R )
L
« e

¢
-,‘,'

’74 (New), A process for a semmonductor mtegrateﬂ mrmm devxce
‘abcordmg to claim 73, wherem said punch through:. stopper regmn is formed

‘_to be in contact w1th said pair of said’ semmonductor regmns i ,

§
.

75 (New). A process. for a scmxconductor mtegrated cxrc‘xut dcvxce
'ae@qxdmg to claim 73, further comprrsin,g l:b,e step of: oo
' -/ fotming side wall spacers on side suxfaces of said g'atf.% el.&ctmde of said
'MISRET | '
: (Wherein each of sand scmlconductor :eglons mc!ude.; a ﬁrst gloped

‘snbregmn of relatwely low impurity concentrauon and ,a set;ond doped

_ This is the replacement sheet
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"subregmn of relatively high impurity conﬁcntl:atxon \such tha.t -sajd first

131

dbped subregion is formed between smd second doped suhregzon and a
'bhannel forming region of said. MISFEI, . K
B , said first doped subregmns are farmed in sclf-augnment wuh said gate

slecuode. | Lo ', ': :'-‘ :

LR

smd second doped subregions are formed in self-al;gnment ‘with sajd

.,.,

'Siﬂ,,e.wall spacers. _ '; 'e_ . e "-»‘:-.‘

‘76 (New). A process. for a semcpnﬂuctqt :ntegrated cn-c.uu devxcc

,cqim_pnsmg the steps of: - _ - Ll

prepanng a semiconductor substra:e body thh an ﬁp&tamal laycr which
"is; fq:;med on a main surface of sald semtconductor a’ubstratc bndu and which
has & thickness of 0.3 xf to 3 pm‘ A )

‘ fomxmg by thermally oxidizing saxd, mam surface of: sazd ep:mxml layer
‘a.n oxzde film constituting a gate msulaung ﬁlm af a MISFBT ‘

o 4
- -‘.

_ 7? (New). A process for a semicondﬁcter mteg:ar.ed cu:gmt devxce

aqcordmg to claim 76, wherein an 1mp'nrity cencentratxon ef saxcl

se.miconductor substrate body is a range from 1><10 atomslcmS to 1 X10
‘atomslcm3 | T
.78 (New). A pracess for a semxconductor m'tegmted cu:cmt device

aqcctdmg to claim 77, wherein 2 conducttvxty type of szud cpn:amal layer is

ﬁw same as that of said semmonductor snbsu.-ate body

79 (New) A semxconductor mtegrated cn'cun; device ¢ampnsm°

a sexmconductor substrate body wuh an eplt&:ual layer wh:.(ﬁh is formed

¢ --‘.l'u

53
o4 main surface of said, semlcnnduc’tor substr;fite 'body *and wl'uch has a

'-
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tha;:kness of 03 gmtod pmy 7 T

'u-_

) " an insulating. film consntuung a, gatc msulaung ﬁlm qf . MISFET and
mr.ludmg an oxide film formed by thsermally oxuhzxng said mam surface of

s:id epxta:ual 1ayer : BT :',
A .“‘ ) ,” -5\}, ‘-,l:. "','_.',,,. ‘_..”:‘

150 (New). A semconductox mtegrated circmt ﬂevme *accm'&mg to claim
79. ‘wherein an 1mpunty concentrauon qf saxd semlcondhctqn a&ubst:ate body

,:--11: axange from 1><10 atoms!cm?a e Ixrﬁ a.tomslgms

) . 2
v- .
. . ’
.'d“. . 'n ,,-.-. - '. ‘ ';. \ \-. et
v

'{"'.’." 81 (New). A sermconducmr 1ntegt,atéd cuc‘urt de.\nce .aa;nfding to claim

89 whexem a conductwuy type of said ep;taxmi layer ;s thQ sanie ‘as that of

saldi semxconductor substrate body ’*“-”',f PR o B

et vt LI
. .
\ - vt u, . (8
: . . 5 AN . va
. l‘ '. . R N f' . " " e ," H . ‘* :}I

%2 (New). A process for a semzcon,dnc'tor Wafer contpmsing the. s:.ep of:
fo*rmmg an epxtaxxal layer "which. has a thtcl;ness of 03 ,t‘xn 0 3 zm On

"‘ o .\'

h mau; surface of a semlconduc’tor subsn;afe body - ".._ .-j"'_ ' -_-' :

. ..:'
...‘.'5 . * _..,'..., 'I “ . N
Ve

83 (New). A process for ‘a se:mconductor wafer adcermng ta cmm 82,
whsrem an jmpurity concentration of sm& semxconductpr substme body is a

rﬂnge from 1X10 atoms/cmS td 1X10 atom's}sma . »_"

. LR o v
"., " * . A :l, "" [
(. ’ ot

84 (New). A process for 8 semtconductor wafar acqordmgr to cl:aun 83,
\mhétem a conductivny ‘type. - of said eplta:xxal 1a.yer JS I:hc sarha »as that of saxd
semlconductor substrate .body. '=:=- : '

85 (New) A semmanductor waier cumpnsmg

a semiconductor substrate body, and

an epitaxial. layer' formed on a mam surface crf sald segudqndubtor

sub&trate body -and havn;g ar thxckness .oi' 03 . p.m ta 3 pm. . -
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| 86 (New). A qermconductor wafer accordmg to claim ‘85 wherem an

pumy concentration ' of said semxcondnctor substrate body 1s ‘a range from

mm atomslcmS to 1X10 atoms/cm3 '

.
c w 5 .
3 w

+ 87 (New). A semiconductor wafer ccomhng to clazm “86 wherczn a

eonducuvny type of said epitaxial lay:ar Is: the sgme as that of saxd

sbmlconductor substrate body, L
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