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57 ABSTRACT 
A CMOSLSI is disclosed which includes a semiconduc 
tor body, a first N-well region formed in the semicon 
ductor body, a second N-well region, a greater part of 

- which is formed in the first N-well region, a first P-well 
region formed in the semi-conductor body, a second . 
P-well region, a greater part of which is formed in the 
first P-well region, a P-channel MOS transistor formed 
in the second N-well region, and an N-channel MOS 
transistor formed in the second P-well region, to reduce 
the distance between the P-channel MOS transistor and 
the N-channel MOS transistor, thereby increasing the 
packing density of the CMOSLSI. 

30 Claims, 8 Drawing Sheets 
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COMPLEMENTARY SEMCONDUCTOR DEVICE 
HAVING A DOUBLE WELL 

BACKGROUND OF THE INVENTION 
The present invention relates to a complementary 

semiconductor device (hereinafter referred to as 
"CMOS”), and more particularly to a CMOS, in which 
an isolation region between two well regions of oppo 
site conductivity types, each including an insulated gate 
field effect transistor (hereinafter referred to as "MOS 
transistor'), is made very small in size to make possible 
a high-speed operation and large scale integration. 
ACMOS is low in power dissipation, and can operate 

at high speed. Accordingly, the CMOS has been widely 
used in a memory device and a microcomputer, in re 
cent years. An example of the CMOS is described in a 
Japanese patent application (Post-examination publica 
tion No. 62-7,701). The packing density of CMOS is 
determined by the distance between an N-channel MOS 
transistor and a P-channel MOS transistor (that is, the 
sum of dn and d shown in FIG. 1). In order to increase 
the packing density of CMOS, it is necessary to make 
the isolation distance at the boundary between two well 
regions as small as possible. 

In a conventional device shown in FIG. 1, in order to 
prevent the punch through and short channel effect of a 
parasitic MOS transistor which is formed between a 
highly-doped N-diffusion layer 7 serving as the source 
and drain regions of an N-channel MOS transistor and 
an N-well region 3, it is required to make a distance din 
between the highly-doped N-diffusion layer 7 and one 
end of a P-well region 2 larger than variations in posi 
tion of the above end of the P-well region 2 due to the 
misregistration of mask in a photolithographic process, 
that is, it is necessary to make the distanced larger than 
several micrometers. Similarly, it is necessary to make 
large a distanced between a highly-doped P-diffusion 
layer 8 and a P-well region 2. Thus, it is required to 
make the distance between the N-channel MOS transis 
tor and a P-channel MOS transistor greater than about 
5um, which makes it difficult to increase the packing 
density of CMOS. In order to solve this problem, it has 
been tried to dig a trench at the boundary between the 
P-well region 2 and the N-well region 3 so that the 
depth of the trench is greater than the depth of the well 
regions 2 and 3. However, it is difficult to form a deep 
trench in a semiconductor body, and moreover crystal 
defects are generated by the formation of the deep 
trench. Hence, it has not been put to practical use to dig 
a deep trench at the boundary between adjacent well 
regions. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a 

CMOS which is very high in packing density. 
In order to attain the above object, according to the 

present invention, there is provided a CMOS having a 
double well structure, in which a shallow P-well region 
is formed in a surface portion of a deep P-well region 
formed in the surface of a semiconductor substrate, by 
the diffusion of an impurity from a window in an insu 
lating film for element separation, a shallow N-well 
region is formed in a surface portion of a deep N-well 
region formed in the surface of the semiconductor sub 
strate, by the diffusion of an impurity from another 
window in the insulating film for element separation, 
and highly-doped N and P-diffusion layers each serving 
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2 
as the source and drain regions of MOS transistor are 
formed in the shallow P- and N-well regions, respec 
tively, by doping each of the shallow well regions with 
an impurity from the window in the insulating film for 
element separation. 

In more detail, according to an aspect of the present 
invention, a CMOS which includes a MOS transistor of 
a second conductivity type having a first deep well 
region of a first conductivity type formed in the surface 
of a semiconductor substrate and a MOS transistor of 
the first conductivity type having a second deep well 
region of the second conductivity type formed in the 
surface of the semiconductor substrate, has the follow 
ing structure. That is, a third well region of the second 
conductivity smaller in depth than the second well 
region, is formed in the semiconductor substrate by the 
diffusion of an impurity from a surface area of the sec 
ond well region defined by that window in an insulating 
film for element separation which is formed on the 
second well region, and a highly-doped diffusion layer 
of the first conductivity type smaller in depth than the 
third well region is formed in the third well region by 
doping the third well region with an impurity from the 
window on the second well region, to be used as the 
source and drain regions of the MOS transistor of the 
first conductivity type. Further, a fourth well region of 
the first conductivity type, smaller in depth than the 
first well region, is formed in the semiconductor sub 
strate by the diffusion of an impurity from a surface area 
of the first well region defined by that window in the 
insulating film for element separation which is formed 
on the first well region, and a highly-doped diffusion 
layer of the second conductivity type, smaller in depth 
than the fourth well region, is formed in the fourth well 
region by doping the fourth well region with an impu 
rity from the window on the first well region, to be used 
as the source and drain regions of the MOS transistor of 
the second conductivity type. 
According to another aspect of the present invention, 

an insulating film is formed at the boundary between the 
third well region and the fourth well region so that the 
depth of the insulating film is smaller than the depth of 
each of the first and second well regions and larger than 
the depth of each of third and fourth well regions, for 
the purpose of isolation. 
According to a further aspect of the present inven 

tion, a vertical bi-polar transistor using one of the third 
and fourth well regions as a base region is formed in a 
CMOS, to be used as one circuit element thereof. 
As mentioned above, according to the present inven 

tion, a shallow well region is formed by diffusing an 
impurity from a window in an insulating film for ele 
ment separation into a semiconductor substrate, and a 
highly - doped diffusion layer is formed in the shallow 
well region by doping the shallow well region with an 
impurity from the above-mentioned window, to be used 
as the source and drain regions of MOS transistor. That 
is, the positional relation between the shallow well re 
gion and the highly-doped diffusion layer (that is, sour 
ce/drain region) is not determined by a mask used in a 
photolithographic process, but self-alignment technol 
ogy is used for the formation of the shallow well region 
and the source/drain region. Thus, the distance be 
tween the shallow well region and the source/drain 
region can be made small so long as a desired break 
down voltage is maintained. That is, the distance be 
tween an N-channel MOS transistor and a P-channel 

Intel Ex. 1006 
Page 10



4,907,058 
3 

MOS transistor can be reduced, and thus the packing 
density of CMOS can be increased in a great degree. 
As mentioned above, according to the present inven 

tion, an area necessary for isolating an N-channel region 
and a P-channel region from each other can be reduced 5 
by using a simple, easy manufacturing process, and thus 
the packing density of a CMOS can be increased. 
These and other objects and many of the attendant 

advantages of the present invention will be readily ap 
preciated as the same becomes better understood by 
reference to the following detailed description when 
considered in connection with the accompanying draw 
ings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing a cross section of a conven 
tional CMOS. 
FIG. 2A is a view showing a cross section of a CMOS 

according to a first embodiment of the present inven 
tion. 
FIG. 2B is a plan view of the CMOS shown in FIG. 

2A. 
FIGS. 3, 4 and 5 are views showing cross sections of 

CMOS's according to a second embodiment of the pres 
ent invention. 
FIGS. 6 and 7 are views showing cross sections of 

CMOS's according to a third embodiment of the pres 
ent invention. 
FIGS. 8 and 9 are views showing cross sections of 

CMOS's according to a fourth embodiment of the pres- 30 
ent invention. 
FIGS. 10A to 10E are views showing a manufactur 

ing process of CMOS according to fifth embodiment of 
the present invention. 
FIGS. 11A to 11E are views showing a manufactur- 35 

ing process of CMOS according to a sixth embodiment 
of the present invention. 
FIGS. 12, 13 and 14 are views showing cross sections 

of CMOS's according to an additional embodiment of 
the present invention. 
FIGS. 15, 16 and 17 are views showing cross sections 

of semiconductor memories which includes a CMOS 
according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Various embodiments of the present invention will be 
explained below in detail, with reference to the draw 
ings. 
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FIG. 2A shows a cross section of a CMOS according 
to a first embodiment of the present invention Unlike 
the conventional CMOS of FIG. 1, the CMOS of FIG. 
2A has a deep P-well region 2 and a deep N-well region 
3 which are spaced apart from each other at the bound 
ary between an N-channel region and a P-channel re 
gion. Incidentally, each of the P-well region 2 and the 
N-well region 3 has a depth of 3 to 5 m. Further, a 
shallow P-well region 4 and a shallow N-well region 5 
which are the characteristic feature of a CMOS accord 
ing to the present invention, are formed by diffusing a 
dopant given from each of windows in an insulating 
SiO2 film 6, which is a field oxidation film and is used as 
a mask in forming a highly-doped N-diffusion layer 
(namely, N-diffusion layer) 7 and a highly-doped P 
diffusion layer (namely, P-diffusion layer) 8. That is, 
self-alignment technology is used for the formation of 

55 

65 

4. 
these regions and layers. Accordingly, a distance din 
between the right end of the P-well region 4 and the 
right end of the N-diffusion layer 7 and a distanced 
between the left end of the N-well region 5 and the left 
end of the P-diffusion layer 8 are both determined on 
the basis of the self-alignment technology. Accordingly, 
when each of the shallow well regions 4 and 5 has an 
optimum impurity concentration, for example, an impu 
rity concentration of about 1017 atoms per cm3so as not 
to generate the punch through of a parasitic MOS tran 
sistor, the distance between the N-diffusion layer 7 
and the Pt-diffusion layer 8 can be reduced to a value 
of 1 to 2 um. In this case, a silicon substrate 1 may be 
made of N-silicon or P-silicon. 
FIG.2B is a planview of a CMOS shown in FIG. 2A. 

Referring to FIG.2B, each of the shallow P-well region 
4, the shallow N-well region 5, the N+-diffusion layer 7 
and the P-diffusion layer 8 has the form of an isolated 
island. Further, the shallow P-well region 4 and the 
shallow N-well region 5 isolated from each other are 
electrically connected to the deep P-well region 2 and 
the deep N-well region 3, respectively. Accordingly, 
the electric potentials of the shallow well regions 4 and 
5 are determined by the deep well regions 2 and 3, 
respectively. Thus, when a N-channel MOS transistor 
and a P-channel MOS transistor are formed in the shal 
low P-well region 4 and the shallow N-well region 5, 
respectively, a CMOS including these MOS transistors 
can show stable device characteristics. 

EMBODIMENT II 

FIG.3 shows a cross section of a CMOS according to 
a second embodiment of the present invention. Accord 
ing to the present embodiment, a deep P-well region 2 
and a deep N-well region 3 are kept in contact with 
each other. Accordingly, the deep well regions 2 and 3 
can be formed by a single photo-mask process, and 
self-alignment technology can be applied. Thus, the 
number of fabrication steps can be reduced, as com 
pared with that in the first embodiment. 

In a case where the boundary 31 between the deep 
P-well region 2 and the deep N-well region 3 is errone 
ously located in relation to the shallow well regions 4 
and 5 by misalignment of mask, the structures shown in 
FIGS. 4 and 5 are obtained. For example, in the struc 
ture of FIG. 4, the deep N-well region 3 exists under the 
shallow P-well region 4. However, the N+-diffusion 
layer 7 is electrically separated from the N-well region 
3 by the shallow P-well region 4. 

EMBODIMENT III 

FIG. 6 shows a cross section of a CMOS according to 
a third embodiment of the present invention. In the 
semiconductor portion shown in FIG. 6, each of a shal 
low P-well region 4 and a shallow N-well region 5 is 
used as the base region of a vertical bi-polar transistor, 
and each of a deep P-well region 2 and a deep N-well 
region 3 is used as the collector region of the bi-polar 
transistor. Hence, the deep N-well region 3 lies under 
the shallow P-well region 4, and the deep P-well region 
2 lies under the shallow N-well region 5. Thus, vertical 
bi-polar transistors can be formed by a process similar to 
a CMOS fabricating process. When the bi-polar transis 
tors thus obtained are included in a CMOS circuit, the 
operation speed and other performance characteristics 
of the CMOS circuit can be greatly improved without 
increasing a manufacturing cost. Further, as shown in 
FIG. 7, a highly-doped N-buried layer 16 and a highly 
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doped P-buried layer 17 may be formed at the bottoms 
of the deep N-well region 3 and the deep P-well region 
2, respectively, to reduce the collector resistance of 
each vertical bi-polar transistor, thereby improving the 
characteristics of the bi-polar transistor. 

EMBODIMENT IV 
FIGS. 8 and 9 show cross sections of CMOS's ac 

cording to a fourth embodiment of the present inven 
tion. In the first to third embodiments, a field oxidation 
film is formed by the local oxidation of silicon. Accord 
ingly, it is difficult to make the distance between the 
N+-diffusion layer 7 and the Pt-diffusion layer 8 
smaller than 1 pm without degrading isolation charac 
teristics. In the present embodiment, an insulating film is 
inserted between a shallow P-well region 4 and a shal 
low N-well region 5, that is, a trench isolation structure 
is formed. Thus, the distance between an N-diffusion 
layer 7 and a P+-diffusion 8 can be made smaller than 1 
um, without producing a parasitic MOS effect and a 
parasitic thyristor effect. The structure shown in FIG. 8 
includes both an insulating SiO2 film 6 formed by the 
local silicon oxidation method and a trench isolation 
SiO2 film 18. In this structure, each of the N-diffusion 
layer 7 and the P+-diffusion layer 8 is spaced apart from 
the trench isolation SiO2 film 18 a distance of 0.2 to 0.5 
um by the lateral elongation of the insulating SiO2 film 
6 (that is, bird's beak). While, in the structure shown in 
FIG. 9, the surface of a trench isolation SiO2 film 181 is 
exposed, and the N+-diffusion layer 7 and the P-diffu 
sion layer 8 are kept in contact with the trench isolation 
SiO2 film 181. Hence, the distance between the N-dif 
fusion layer 7 and the P-diffusion layer 8 can be made 
smaller than that shown in FIG. 8. In the structures of 
FIGS. 8 and 9, in order to prevent the generation of 
crystal defect and to make the manufacturing process 
easy, it is desirable to make small the depth of each of 
the trench isolation SiO2 films 18 and 181. That is, the 
trench isolation films 18 and 181 are made smaller in 
depth than a deep P-well region 2 and a deep N-well 
region3. When the depth of the trenchisolation films 18 
and 181 is made greater than the depth of the shallow 
P-well region 4 and the shallow N-well region 5, the 
isolation characteristics are greatly improved. Even if 
the depth of the trench isolation films 18 and 181 is 
made only a little smaller than the depth of the shallow 
well regions 4 and 5, the structures of FIGS. 8 and 9 
will be superior in isolation characteristics to a CMOS 
structure which does not include a trench isolation 
SiO2 film. 

EMBOOMENT V 

FIGS. 10A to 10E show a fabrication process of a 
CMOS which is shown in FIG. 2A and has been ex 
plained in the EMBODIMENT I. 
At first, a P-well region 2 and an N-well region 3 each 

having an impurity concentration of 1015 to 1016 atoms 
per cm and a depth of 3 to 5um are formed in a surface 
portion of an N- or P-silicon substrate 1 through ion 
implantation techniques and thermal diffusion tech 
niques. Then, an insulating SiO2 film 6 which is a field 
oxidation film and has a thickness of 0.2 to 1.0 um, is 
formed by the local oxidation method, as shown in FIG. 
10A. Next, a P-type impurity and an N-type impurity 
are implanted from windows in the insulating SiO2 film 
6 into the silicon substrate 1 through an insulating SiO2 
film 91 having a thickness of 10 to 20 nm, and the im 
purity-doped regions thus obtained are extended by 
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6 
thermal diffusion techniques to form a shallow P-well 
region 4 and a shallow N-well region 5 each having a 
depth of 0.5 to 1.5um and an impurity concentration of 
5X1016 to 1018 atoms per cm3, as shown in FIG. 10B. 
Then, as shown in FIG. 10C, a gate insulating film 9 
(made of SiO2 and having a thickness of 10 to 100 nm) 
and a gate electrode 10 (formed of a polysilicon film, a 
silicide film, or a composite film including polysilicon 
and silicide films) are provided in accordance with a 
conventional MOS-device fabrication process. Thereaf 
ter, as shown in FIG. 10D, a low-doped N-diffusion 
layer 11 and a low-doped P-diffusion layer 13 each 
having an impurity concentration of about 1012 to 101 
atoms per cm3 are formed through ion implantation 
techniques, and then an insulating film 12 for covering 
the gate electrode, an N-diffusion layer 7 and a Pt 
diffusion layer 8 are formed. Finally, as shown in FIG. 
10E, a surface protecting film 14, contact holes and a 
wiring pattern 15 are formed. 

EMBODIMENT VI. 

FIGS. 11A to 11E show a fabrication process of a 
CMOS which is shown in FIG. 9 and has been ex 
plained in the EMBODIMENT IV. As shown in FIG. 
11A, a deep P-well region 2 and a deep N-well region 3 
are formed in a surface portion of an N- or P-silicon 
substrate 1 through ion implantation techniques and 
thermal diffusion techniques, and then an island pattern 
including a 10 to 100-nm thick SiO2 film 19, a 50 to 
200-nm thick Si3N4 film 20 and a 100 to 300-nm thick 
SiO2 film 21 is formed on the well regions 2 and 3. 
Further, a 10 to 50-nm thick Si3N4 film 22 and a 100 to 
300-nm thick SiO2 film 23 are formed on the side wall of 
each island, and then the whole surface is etched back 
to form side-wall spacers. Next, as shown in FIG. 11B, 
the whole surface except a surface area where the 
boundary between shallow well regions will be formed, 
is coated with a photoresist film 24, and a shallow 
trench 25 having a depth of about 0.5 to 2 um is formed 
in the silicon substrate 1 through dry etching tech 
niques. Next, as shown in FIG. 11C, the photo-resist 
film 24 is removed. Then, the exposed silicon surface is 
oxidized, to form an insulating SiO2 film 6 having a 
thickness of 0.5 to 1.0 am and a trench isolation SiO2 
film 18, as shown in FIG. 11D. At this time, the shallow 
trench 25 is incompletely filled with the SiO2 film. 
Hence, an SiO2 film is further deposited to a thickness of 
about 0.5 to 1.0 m by the chemical vapor deposition 
method and then the whole surface area is etched back 
through dry etching techniques, to fill the shallow 
trench 25 with the trench isolation SiO2 film 181 and to 
make flat the surface of the silicon substrate. Thereafter, 
as shown in FIG. 11E, the shallow P-well region 4, the 
shallow N-well region 5, the N-diffusion layer 7 and 
the P-diffusion layer 8 are formed in a surface area 
which does not have the field SiO2 film 61 and the 
trench isolation SiO2 film 180, by ion implantation tech 
niques and heat treatment. 
The present invention is not limited to the devices 

and fabrication methods mentioned in the EMBODI 
MENTS I to VI, but various changes may be made 
without departing from the fundamental technical 
thought of the present invention. For example, in these 
EMBODIMENTS, both a deep well region and a shal 
low well region are formed for each of an N-channel 
region and a P-channel region. However, a structure 
shown in FIG. 12 may beformed, in which a deep 
P-well region 2 and a shallow P-well region 4 are 

Intel Ex. 1006 
Page 12



4,907,058 
7 

formed on the N-channel side, but a P-channel is formed 
directly on an N-silicon substrate 26 without having any 
well region under the P-channel. Alternatively, a struc 
ture shown in FIG. 13 may be formed, in which a deep 
N-well region 3 and a shallow N-well region 5 are 
formed on the P-channel side, but an N-channel is 
formed directly on a P-silicon substrate 27 without 
having any well region under the N-channel. 

Further, in a case where a CMOS is formed on an 
N-silicon substrate, as shown in FIG. 14, it is possible to 
form an N-channel MOS transistor in a shallow P-well 
region 4 according to the present invention without 
forming a deep P-well region 2 under the shallow P 
well region 4 and to put the shallow P-well region 4 in 
an electrical floating state. The MOS transistor thus 
formed is not affected by the substrate. 

EMBODEMENT VII 

FIGS. 15, 16 and 17 show cross sections of devices 
according to the seventh embodiment of the present 
invention. In the present embodiment, a CMOS having 
a twin double well structure according to the present 
invention is included in a MOS memory. 
FIG. 15 shows a cross section of a static memory of 

the complete CMOS type using 6 MOS transistors, and 
includes a memory cell and a periferal circuit. As men 
tioned above, the memory of FIG. 15 is of the complete 
CMOS type. Hence, in order to make small the area of 
a memory cell, thereby increasing the packing density 
of the memory, it is required to make small the distance 
between an N-channel MOS transistor and a P-channel 
MOS transistor. The memory of FIG. 15 has a twin 
double well structure according to the present inven 
tion (namely, twin double well structure made up of the 
deep P-well region 2, the deep N-well region 3, the 
shallow P-well region 4 and the shallow N-well region 
5), to satisfy the above requirement. 
FIG. 16 shows a cross section of a static memory, in 

which the load connected to a memory cell is made of 
high-resistance polysilicon, and includes a peripheral 
circuit and a memory cell. Referring to FIG. 16, the 
memory cell is formed in a shallow P-well region 4, 
which is formed in a deep N-well region 3. The N-well 
region 3 is applied with a source potential, an earth 
potential, or an intermediate potential between the 
source potential and the earth potential, to prevent 
carriers (namely, electron and positive hole) originated 
by external noise from flowing into the shallow P-well 
region 4. In the memory cell of FIG.16, an N-t-polysili 
con layer 28 is formed at both ends of a high-resistance 
polysilicon layer 29 which serves as a load element. 
Further, an insulating film 30 having a thickness of 5 to 
100 nm (for example, a composite film including a SiO2 
film and a Si3N4 film) is formed on the N-t-polysilicon 
layer 28 connected to the high-resistance polysilicon 
layer 29, and an N-t-polysilicon layer 32 is formed on 
the insulating film 30 to form a stacked capacitor, 
thereby producing high soft error immunity. The pe 
ripheral circuit of this static memory is formed of a 
CMOS having a twin double well structure according 
to the present invention. 

FIG. 17 shows a cross section of a dynamic memory 
using a memory cell of the stacked capacitor type, and 
includes a memory cell and a peripheral circuit. Refer 
ring to FIG. 17, the memory cell is formed in a shallow 
P-well region 4, so as to be scarcely affected by an a 
particle and electrical noise charge. As shown in FIG. 
17, a stacked capacitor made up of a lower N+-polysili 
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8 
con layer 28, a thin insulating film 30 and an upper 
N+-polysilicon layer 32 for storing information (that is, 
a capacitor having a capacitor electrode 28 and a capac 
itor plate 32) is extended to a word line (namely, a gate 
electrode) 10 which is provided on an element separat 
ing region 6. The peripheral circuit of this dynamic 
memory is also formed of a CMOS having a twin dou 
ble well structure according to the present invention. 

In recent years, the size of a memory cell has been 
made very small to increase the packing density of a 
memory device. Accordingly, it is required to increase 
the packing density of a CMOS for forming a peripheral 
circuit connected directly to memory cells. The present 
invention can satisfy the above technical requirements, 
and thus can exhibit a remarkable effect on a microcom 
puter and a logic apparatus which include a memory 
device. 
As has been explained above in detail, according to 

the present invention, a highly-doped diffusion layer 
and a shallow well region are formed through self-align 
ment techniques, and thus the distance between N- and 
P-channel regions of a CMOS can be reduced to one 
tenth a conventional value. Hence, the packing density 
of the CMOS can be increased. Further, according to 
the present invention an area for isolation is reduced. 
Hence, parasitic capacitance such as wiring capacitance 
can be reduced, and thus the performance characteris 
tics of the CMOS such as the operation speed thereof 
can be improved. 

It is further understood by those skilled in the art that 
the foregoing description is preferred embodiments of 
the disclosed device and that various changes and modi 
fications may be made in the present invention without 
departing from the spirit and scope thereof. 
For example, though the device of the present inven 

tion is made by diffusion method in the foregoing de 
scription, the device of the present invention can be 
made by implantation method. 

I claim: 
1. A complementary semiconductor device including 

an insulated gate field effect transistor of a second con 
ductivity type having a first deep well region of a first 
conductivity type formed in the surface of a semicon 
ductor substrate and an insulated gate effect transistor 
of the first conductivity type having a second deep well 
region of the first conductivity type formed in the sur 
face of the semiconductor substrate, wherein a third 
well region of the second conductivity type, smaller in 
depth than the second well region, is formed in the 
semiconductor substrate by the doping of an impurity 
from a surface area of the second well region defined by 
a window in one part of an insulating film for element 
separation which is also used for doping of a highly 
doped layer having a second conductivity type, and the 
highly-doped diffusion layer of the first conductivity 
type, smaller in depth than the third well region, is 
formed in the third well region by doping in the third 
well region with an impurity from the window on the 
second well region, said highly doped layer of the first 
conductivity type to be used as the source and drain 
regions of the insulated gate field effect transistor of the 
first conductivity type, and wherein a fourth well re 
gion of the first conductivity type, smaller in depth than 
the first well region, is formed in the semiconductor 
substrate by the doping of an impurity from a surface 
area of the first well region defined by a window in 
another part of the insulating film for element separa 
tion which is also used for doping of a highly doped 
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layer of a second conductivity type, and the highly 
doped diffusion layer of the second conductivity type, 
smaller in depth than the fourth well region, is formed 
in the fourth well region with an impurity from the 
window on the first well region, said highly doped layer 
of the second conductivity type to be used as the source 
and drain regions of the insulated gate field effect tran 
sistor of the second conductivity type, and a vertical 
bi-polar transistor having a base region formed from . 
one of the third and fourth well regions is a circuit 
element. 

2. A complementary semiconductor device accord 
ing to claim 1, wherein in insulating film, smaller in 
depth than the first and second well regions and greater 
in depth than the third and fourth well regions, is 
formed in a boundary region between the third well 
region and the fourth well region. 

3. A complementary semiconductor device as 
claimed in claim 1, further comprising a microcomputer 
that is connected to the semiconductor device. 

4. A semiconductor memory comprising: 
a semiconductor body; 
a first N-well region formed in the semiconductor 
body; 

a second N-well region, a greater part of which is 
formed in the first N-well region, and wherein the 
second N-well region is defined by a window in 
one part of an insulating film for element separation 
which is also used for doping of a highly doped 
layer of P-type conductivity; 

a first P-well region formed in the semiconductor 
body; 

a second P-well region, a greater part of which is 
formed in the first P-well region, and wherein the 
second P-well region is defined by a window in 
another part of the insulating film for element sepa 
ration which is also used for doping of a highly 
doped layer having N-type conductivity; 

a P-channel MOS transistor formed in the second 
N-well region; 

an N-channel MOS transistor formed in the second 
P-well region; and 

a memory cell formed in the semiconductor body in a 
third P-well region formed in the semiconductor 
body, the third P-well region having the sam 
depth as the second P-well region. - 

5. A semiconductor memory according to claim 4, 
wherein the second N-well region and the second P 
well region are kept in contact with each other. 

6. A semiconductor memory according to claim 5, 
wherein the first N-well region and the first P-well 
region are kept in contact with each other. 

7. A semiconductor memory as claimed in claim 4, 
further comprising a microcomputer that is connected 
to the semiconductor memory. - 

8. A semiconductor memory according to claim 4, 
wherein the third P-well region is formed in a third 
N-well region, and the third N-well region and the first 
N-well region have the same depth. 

9. A semiconductor memory according to claim 8, 
wherein the third N-well region is applied with one of a 
source potential, an earth potential and an intermediate 
potential between the source potential and the earth 
potential. 

10. A semiconductor memory according to claim 9, 
wherein the third N-well region prevents electrons and 
a positive hole originated by external noise from flow 
ing into the third P-well region. 
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11. A semiconductor memory according to claim 4, 

wherein the semiconductor memory is a static memory, 
and the memory cell is provided with a load element 
formed on an insulating film which is formed on the 
semiconductor body. 

12. A semiconductor memory according to claim 4, 
wherein the memory cell is provided with a capacitor 
having a capacitor electrode which is extended to the 
surface of an insulating film for element separation, to 
form a dynamic memory of the stacked capacitor type. 

13. A semiconductor device comprising: 
a semiconductor body; 
a first N-well region formed in the semiconductor 
body; 

a second N-well region, a greater part of which is 
formed in the first N-well region and wherein the 
second N-well region is defined by a window in 
one part of an insulating film for element separation 
which is also used for doping of a highly doped 
layer of P-type conductivity; 

a P-channel MOS transistor formed in the second 
N-well region; 

an N-channel MOS transistor formed in the second 
P-well region; 

an isolation region formed between the second N 
well region and the second P-well region; and 

a memory cell that forms a semiconductor memory, 
the memory cell being formed in a third P-well 
region formed in the semiconductor body, the third 
P-well region having the same depth as the second 
P-well region. 

14. A semiconductor device according to claim 13, 
wherein the isolation region includes an insulating film 
formed by the local oxidation of silicon (LOCOS). 

15. A semiconductor device as claimed in claim 13, 
further comprising a microcomputer that is connected 
to the semiconductor device. 

16. A semiconductor memory according to claim 13, 
wherein the third P-well region is formed in a third 
N-well region, the third N-well region is equal in depth 
to the first N-well region, and the third N-well region is 
applied with one of a source potential, an earth potential 
and an intermediate potential between the source poten 
tial and the earth potential. 

17. A semiconductor device according to claim 13, 
wherein the isolation region is constructed of a recess 
provided in the semiconductor body and a silicon oxide 
film formed in the recess. 

18. A semiconductor device according to claim 16, 
wherein the recess is greater in depth than the second 
N-well region and the second P-well region. 

19. A semiconductor device according to claim 13, 
wherein parts of confronting faces of the second N-well 
region and the second P-well region are kept in contact 
with each other. 

20. A semiconductor device according to claim 14, 
wherein the first N-well region and the first P-well 
region are kept in contact with each other. 

21. A semiconductor memory comprising: 
a semiconductor body; 
a first N-well region formed in the semiconductor 
body; 

a second N-well region, a greater part of which is 
formed in the first N-well region; 

a first P-well region formed in the semiconductor 
body; 

a second P-well region, a greater part of which is 
formed in the first P-well region; 
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a P-channel MOS transistor formed in the second 
N-well region; 

an N-channel MOS transistor formed in the second 
P-well region; and 

a memory cell formed in the semiconductor body, 
wherein the memory cell is formed in a third P 
well region formed in the semiconductor body, and 
the third P-well region and the second P-well re 
gion have substantially the same depth. 

22. A semiconductor memory according to claim 21, 
wherein the semiconductor memory is a static memory, 
and the memory cell is provided with a load element 
formed on an insulting film which is formed on the 
semiconductor body. 

23. A semiconductor memory according to claim 21, 
wherein the memory cell is provided with a capacitor 
having a capacitor electrode which is extended to the 
surface of an insulating film for element separation, to 
form a dynamic memory of the stacked capacitor type. 

24. A semiconductor memory as claimed in claim 21, 
further comprising a microcomputer that is connected 
to the semiconductor memory. 

25. A semiconductor memory according to claim 21, 
wherein the third P-well region is formed in a third 
N-well region, and the third N-well region and the first 
N-well region have substantially the same depth. 

26. A semiconductor memory according to claim 25, 
wherein the third N-well region is applied with one of a 
source potential, an earth potential and an intermediate 
potential between the source potential and the earth 
potential. 

27. A semiconductor memory according to claim 26, 
wherein the third N-well region prevents electrons and 
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12 
a positive hole originated by external noise from flow 
ing into the third P-well region. 

28. A semiconductor device comprising: 
a semiconductor body; 
a first N-well region formed in the semiconductor 

body; 
a second N-well region, a greater part of which is 
formed in the first N-well region; 

a first P-well region formed in the semiconductor 
body; 

a second Powell region, a greater part of which is 
formed in the first P-well region; 

a P-channel MOS transistor formed in the second 
N-well region; 

an N-channel MOS transistor formed in the second 
P-well region; and 

an isolation region formed between the second N 
well region and the second P-well region, wherein 
the semiconductor device further comprises a 
memory cell to form a semiconductor memory, 
and wherein the memory cell is formed in a third 
P-well region formed in the semiconductor body, 
and the third P-well region is substantially equal in 
depth to the second P-well region. 

29. A semiconductor memory according to claim 28, 
wherein the third P-well region is formed in a third 
N-well region, the third N-well region is equal in depth 
to the first N-well region, and the third N-well region is 
applied with one of a source potential, an earth potential 
and an intermediate potential between the source poten 
tial and the earth potential. 

30. A semiconductor device as claimed in claim 28, 
further comprising a microcomputer that is connected 
to the semiconductor device. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION PATENT NO. : 4,907, 058 

DATED 6 March 1990 
INVENTOR(S) : Yoshio SAKAI 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby Corrected as shown below: 

Column w Corrections 

1 Change 'a memory device and a 
microcomputer" to --memory devices 
and microcomputer-- . 

After "conductivity" insert --type--. 
After "invention" insert --. --. 
Change "N" to --N'--. 
Change 'periferal" to --peripheral-- 

After 'is' insert --Of--. 

Change "first" to -- second--. 
Before "insulating" change "in" to 
-- a-- 

Signed and Sealed this 
Eighteenth Day of June, 1991 

HARRY F. MANBECK, JR. 

Attesting Officer Commissioner of Patents and Trademarks 
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