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57 ABSTRACT 

A semiconductor memory device includes a first conductiv 
ity type well in a first conductivity type semiconductor 
substrate surrounded by a second conductivity type well, 
one of a memory cell and an external input circuit arranged 
on the first conductivity type well and the other disposed 
outside the second conductivity type well. A predetermined 
power supply voltage is applied to the second conductivity 
type well and the first conductivity type well is connected to 
ground. In the structure, charge carriers injected from the 
external input circuit are absorbed in the second conductiv 
ity type well. As a result, the charge carriers are prevented 
from reaching the memory cell and destroying data stored 
therein. Therefore, it is possible to miniaturize transistors 
and increase integration density of dynamic random access 
memory devices without degrading the source to drain 
dielectric strength. 

16 Claims, 14 Drawing Sheets 
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DYNAMIC RANDOMACCESS MEMORY 
WITH SOLATED WELL STRUCTURE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to semiconductor memory 

devices and, more particularly, relates to semiconductor 
memory devices in which increased integration density is 
achieved by preventing destruction of data stored in memory 
cells due to injection of electrons. 

2. Description of the Background Art 
One example of a conventional semiconductor memory 

device will be described in the following, referring to FIG. 
1. FIG. 1 shows a structure of a DRAM (Dynamic Random 
Access Memory) including a CMOS (Complementary Metal 
Oxide Semiconductor), employing an n-channel MOS field 
effect transistor and a p-channel MOS field-effect transistor 
(refer to “IEEE Journal of Solid-State Circuit Vol. 24, No. 5, 
October 1989, p1170-p1174"). The DRAM has an n-well 2 
and p-well 3 formed on a p-type semiconductor substrate 1. 
The n-well 2 is connected to a power supply voltage V 
that is applied to an n-type impurity region 4 therein and the 
p-well 3 is connected to a substrate voltage V that is 
applied to a p-type impurity region 5 therein. A p-channel 
MOS field-effect transistor (hereinafter referred to as 
"pMOSFET") 6 is formed on the surface of the n-well 2 and 
two n-channel MOS field-effect transistors (hereinafter 
referred to as "nMOSFET").7a, 7b are formed on the surface 
of the p-well 3. 
The pMOSFET 6 includes p-type impurity diffusion 

regions 8 as source and drain regions and a gate electrode 10 
formed over a channel region between the p-type impurity 
diffusion regions 8 with a gate oxide film 9 interposed 
therebetween. The nMOSFETs 7a, 7b include n-type impu 
rity diffusion regions 11a, 11b as source and drain regions 
and gate electrodes 13a and 13b over channel regions 
between the n-type impurity diffusion regions 11a and 11b 
and respectively with gate oxide films 12a, 12b interposed 
therebetween. In the general CMOS circuit structured in 
such a way, the source electrode S1 of the pMOSFET 6 is 
connected to the power supply voltage level Vcc terminal 
and the source electrode S of the nMOSFET is connected 
to the ground terminal at the potential of ground level Vs. 
The nMOSFET 7b is one memory cell among a multiplicity 
of memory cells and has the gate electrode 13b to be a word 
line (WL) and the two n-type impurity diffusion regions 11b 
connected to a storage node (SN) which is a charge-storage 
electrode and a bit line (BL) which is a read/write electrode 
respectively. Another cross section of the memory cell is 
shown in FIG. 3A and an equivalent circuit thereof is shown 
in FIG. 3B. A thick oxide film 14 selectively formed on the 
semiconductor substrate 1 provides insulation between dif 
fusion regions. 
The operation of the semiconductor memory device struc 

tured as stated above will now be described. Generally, a 
negative potential of the order of -3 V is, for example, 
supplied as a substrate potential V. The reason for it is as 
follows. When an externally applied input signal is supplied 
to the n-type impurity diffusion regions 11a formed in the 
p-well 3, the potential V of the p-well 3 sometimes 
becomes higher than the potential of the n-type impurity. 
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2 
diffusion region 11a because of the undershoot when the 
signal changes, for example, from an H level to an L level 
and because of the negative potential being supplied as the 
input of the L level, where undershoot occurs in which the 
voltage attains a negative level for a undershoot is indicated 
by an arrow Ain FIG. 2 where an external signal is supplied 
to a terminal and changes, for example, from 5 V to 0 V as 
shown in the figure. Therefore, when V is 0 V, the pn 
junction of the n-type impurity diffusion regions 11a and the 
p-well 3 becomes forward biased, so that electrons are 
injected. The electrons are injected in the direction from the 
n-type impurity diffusion regions 11a to the p-well, so that 
the injected electrons reach the memory cell and destroy the 
data in the memory cell, The negative potential V is 
supplied in order to prevent such an injection of electrons. 
As miniaturization of the gate electrodes 10, 13a, and 13b 

is advanced in devices with a larger storage capacity, 
however, there occurs problem that the dielectric strength 
between the source and drain or the transistor is reduced by 
the negative potential, i.e., the substrate potential. That is, 
application of a negative voltage to the p-well 3 increases the 
threshold voltages of the nMOSFETs 7a, 7b. When the 
concentration of the p-type impurities of the channel is 
decreased in order to control the increase in the threshold 
voltages, the depletion layer tends to be expanded in the 
channel and punch through occurs between the source and 
drain, so that the dielectric strength between the source and 
drain is decreased. Therefore, there is a problem that it is 
difficult to miniaturize the transistor as far as the negative 
potential is supplied to the substrate potential. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a semiconductor 
memory device with increased integration density and stor 
age capacity by preventing, without degrading the dielectric 
strength between source and drain, a phenomenon in which 
data stored in a memory cell is destroyed by injection of 
charge carriers. 
A semiconductor device in according with the present 

invention for achieving the object includes a first well of a 
first conductivity type formed in a semiconductor substrate 
of a first conductivity type, a second conductivity type well 
formed in the semiconductor substrate adjacent to the first 
well of the first conductivity type, a second well of the first 
conductivity type formed within the second conductivity 
type well and a memory cell formed on the second well of 
the first conductivity type, A power supply voltage level of 
a predetermined polarity is supplied to the second conduc 
tivity type well and a prescribed potential of polarity reverse 
to the power supply voltage or the ground potential is 
supplied independently to each of the first well of the first 
conductivity type and the second well of the first conduc 
tivity type. 

In accordance with the semiconductor memory device, 
the second conductivity type well surrounds the second well 
of the first conductivity type where a memory cell is formed, 
the power supply voltage level of the predetermined polarity 
is supplied to the second conductivity type well and the 
prescribed voltage of polarity reverse to the power supply 
voltage or the ground level is supplied independently to each 
of the first well of the first conductivity type and the second 
well of the first conductivity type, so that a reverse bias 
voltage is applied to a pn junction formed by the first 
conductivity type well and the second conductivity type 
well. Therefore, the second conductivity type well absorbs 
carriers injected into each of the first conductivity type wells 
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or the semiconductor substrate and also, insulation in the pn 
junction prevents the carriers from reaching the memory 
cell. As a result, destruction of the data stored in the memory 
cell is prevented. 

In another aspect, a semiconductor memory device in 
accordance with the present invention includes a second 
conductivity type well and a first conductivity type well 
formed inside it in a semiconductor substrate of the first 
conductivity type, an external input circuit is provided in the 
well region of the first conductivity type and a memory cell 
is arranged outdo the well region of the second conductivity 
type. 

In accordance with the structure, the carriers injected in 
the first conductivity type well from the external input 
circuit are absorbed in the second conductivity type well and 
are prevented from reaching the memory cell. 

In still another aspect, the semiconductor memory device 
in accordance with the present invention has first and second 
wells of the first conductivity type and a second conductivity 
type well formed from the surface of a first conductivity type 
semiconductor substrate to a predetermined depth, the sec 
ond well of the first conductivity type being surrounded by 
the second conductivity type well and formed by high 
energy ion implantation. 

In accordance with such a structure, it is also possible to 
electrically insulate the second well of the first conductivity 
type from the first well of the first conductivity type and the 
semiconductor substrate. Therefore, when either of a 
memory cell and an external input circuit is formed in a 
region of the second well of the first conductivity type and 
is electrically isolated, destruction of the data stored in the 
memory cell due to injection of carriers is prevented. 
Furthermore, a smaller amount of ion implantation is 
required for forming the second well of the first conductivity 
type compared to the case where impurities of the first 
conductivity type are implanted in a region of the second 
conductivity type well to form a well having a double 
structure. Accordingly, it is possible to control the decrease 
in mobility of carriers due to impurities in the second well 
of charge the first conductivity type. 
The foregoing and other objects features, aspects and 

advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view showing structure of a 
conventional DRAM. 

FIG. 2 is a diagram for explaining a phenomenon of an 
undershoot. 

FIG. 3A is a diagram showing another cross section in the 
vicinity of a memory cell in the conventional DRAM shown 
in F.G. 1. 

FIG. 3B is an equivalent circuit diagram of the memory 
cell shown in FG, 3A. 

FIG. 4 is a cross sectional view showing a structure of a 
DRAM in accordance with a first embodiment of the present 
invention. 

FIG. 5 is an expanded cross sectional view showing 
another cross section in the vicinity of the memory cell in the 
DRAM shown in F.G. 4. 
FIGS. 6, 7, 8, 9, 10, 11, 2 and 13 are cross sectional 

views showing structures in accordance with a second 
embodiment of the present invention. 
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4 
FIGS. 14 and 15 are cross sectional views showing a 

structure in accordance with a third embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODEMENTS 

A fast embodiment in accordance with the present inven 
tion will now be described referring to FIGS. 4 and 5. FIG. 
4 shows an embodiment in which the present invention is 
applied to a DRAM including a CMOS. Referring to PIG. 4, 
the semiconductor memory device in accordance with this 
embodiment has a first n-well 2a, a first p-well 3a, a second 
p-well 3b and a second n-well 2b surrounding the second 
p-well 3b on a p-type semiconductor substrate 1 of a first 
conductivity type 1. A positive power supply voltage V is 
applied to the first n-well 2a and the second n-well 2b 
through n-type impurity diffusion regions 4. 
An nMOSFET 7a is formed on the first p-well 3a and a 

pMOSFET 6 is formed on the first n-well 2a. The nMOSFET 
7a and the pMOSFET 6 comprise a CMOS as a peripheral 
circuit of the DRAM in the embodiment. The pMOSFET 6 
mainly includes p-type impurity diffusion regions 8 as 
source and drain regions and a gate electrode 10 formed 
above the channel region between the source and drain over 
a gate insulating film. The nMOSFET 7a includes n-type 
impurity diffusion regions 11a as source and drain regions 
and a gate electrode 13a formed above the channel region 
between the source and drain regions over a gate insulating 
film 12a, 
An nMOSFET 7b is formed on the second p-well 3b 

surrounded by the second n-well 2b, comprising a memory 
cell of the DRAM. The nMOSFET 7b mainly includes 
n-type impurity diffusion regions 11b as source and drain 
regions and a gate electrode 13b above the channel region 
between the source and drain regions over a gate insulating 
film 12b. 

Apositive power supply voltage V is applied to the first 
n-well 2a and the second n-well 2b through the impurity 
diffusion region 4. The ground potential Vss is applied to the 
first p-well 3a and the second p-well 3b through the p-type 
impurity diffusion region 5. These diffusion regions are 
isolated and insulated from each other by an oxide film 

According to this embodiment with the above-mentioned 
structure, a reverse bias has been already applied to the pn 
junction formed at the boundary between the second p-well 
3b, which is at the ground potential Vss, and the second 
n-well 2b, which is at the power supply voltage W. 
Therefore, for example, when the potential of the n-type 
impurity diffusion region 11b in the second p-well 3b is 
provided with a negative potential as an undershoot at the 
time of change of the input signal from H to L or as an L 
level of the input, it attains a negative potential lower than 
the ground potential Vs. As a result, even if an injection of 
electrons from the n-type impurity diffusion regions 11b to 
the p-well 3b is caused, the injected electrons are absorbed 
by the second n-well 2b at the V potential as shown in 
FIG. S. The provided by the pnjunction also prevents the 
electrons from reaching the memory cell, so that it is 
possible to prevent the data stored in the memory cell from 
being destroyed. 

Since the potentials of the first p-well 3a and the second 
p-well 3b are fixed at the ground potential Vss, the threshold 
voltage of the nMOSFET 7b is not increased as in the case 
in which a negative potential is applied, so that it is 
unnecessary to reduce the p-type impurity concentration in 
the channel region. As a result, it is possible to achieve 
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miniaturization, maintaining the source and drain dielectric 
strength of the nMOSFETs 7a and 7b. 

In the embodiment above, the description was made of a 
case in which a memory cell is formed including the 
nMOSFET 7b on the second p-well 3b surrounded by the 
n-type well 2b. If the conductivity types of the wells are all 
reversed, only the polarity of V is reversed and the 
carriers injected are changed from electrons to holes, the 
same effects result. 
A second embodiment in accordance with the present 

invention will now be described with reference to FIGS. 6 
to 13. In FIGS. 6 to 13, elements the same as or correspond 
ing to those shown in FIG. 4 are given the same reference 
numerals and a detailed description thereof will not be 
repeated here. 

While the destruction of data stored in the memory cell 
due to the injection of the electrons from the outside of the 
second n-well 2b is prevented by providing the nMOSFET 
7b, comprising the memory cell, within of the second p-well 
3b formed inside the second n-well 2b in the first embodi 
ment above, the data stored in the memory cell (nMOSFET 
7b) in the region outside the second n-well 2b is prevented 
from being destroyed due to the injection of the electrons 
from an external input circuit by providing an nMOSFET 
comprising an the external input circuit in a region within 
the second p-well 3b that is formed within the second n-well 
2b. 

In a structure shown in FIG. 6 according to the second 
embodiment, an effect on the memory cell is averted by 
isolating only an nMOSFET 7c in advance as an external 
input circuit in which an injection of electrons tends to 
occur, while maintaining the arrangement of the pMOSFET 
6 and the nMOSFETs 7a and 7b the same as that in the 
conventional embodiment shown in FIG. 1. 

Referring to FIG; 6, the nMOSFET 7c includes n-type 
impurity diffusion regions 11c as source and drain regions 
and a gate electrode 13c above a channel region between the 
n-type impurity diffusion regions 11c with a gate oxide film 
12c interposed therebetween. Though the external input 
circuit actually includes a plurality of nMOSFETs, only one 
nMOSFET 7c is representatively shown in FIG. 6 to sim 
plify the description. The source terminal sa among the 
source terminal s, the drain terminal d and the gate 
terminal g of the nMOSFET 7c, is electrically connected to 
an external input terminal (not shown). 
The operation in the structure shown in FIG. 6 according 

to the embodiment will now be described. The second p-well 
3b where the nMOSFET 7c is provided is fixed at the ground 
potential Vs. When the potential of the n-type impurity 
diffusion region 11c in the second p-well3b is provided with 
a negative potential as an undershoot at the time of the input 
signal bring changed from H to Lorasan Llevel of the input 
signal, the potential of region 11c is decreased below the 
ground potential Vss. Even if electrons are injected from the 
n-type impurity diffusion regions 11c to the second p-well 
3b, the second n-well 2b surrounding the second p-well 3b 
is fixed at the power supply potential V, so that the 
injected electrons are absorbed in the second n-well 2b. 
Therefore, the injected electrons do not reach the nMOSFET 
7b comprising the memory cell and the data stored therein 
is not destroyed. 

Furthermore, as the first p-well 3a and the second p-well 
3b are fixed at the ground potential Vs., there occurs no such 
problem as occurs in the conventional embodiment when the 
negative potential is applied. Therefore, it is possible to 
achieve miniaturization, increasing integration density, 
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6 
while maintaining the source and drain dielectric strength of 
the nMOSFETs 7a, 7b, and 7c. 

In this embodiment, when the conductivities of the ele 
ments are all reversed, the polarity of V is reversed and 
the carriers injected are only changed from electrons to 
holes, resulting in the same effects as in the first embodiment 
above. 
While the nMOSFETs 7a and 7b are both formed in the 

first p-well 3a in the structure above shown in FIG. 6, if 
either or both of the nMOSFETs 7a, and 7b are formed 
directly in a region where no well is formed on the p-type 
semiconductor substrate 1, for example, as shown in FIGS. 
7, 8 and 9, the same effects as in the above-described 
structure of FIG. 6 can be achieved. In a structure shown in 
FIG.7, the nMOSFET 7b (memory cell) is directly formed 
in a region of the substrate 1 where no well is formed and 
other portions are the same as those in FIG. 6. In a structure 
shown in FIG. 8, the nMOSFET 7a is directly formed in a 
region of the substrate 1 where no well is formed and other 
portions are the same as those in FIG. 6. In a structure shown 
in FIG.9, the nMOSFETs 7a and 7b are both directly formed 
in a region of the substrate 1 where no well is formed and 
other portions are the same as those in FIG. 6. 
While the first n-welI region 2a and the second n-well 

region 2b are separate in the structures of FIGS. 6 to 9, the 
external input circuit may be formed on a second p-type well 
3b formed inside the n-well 2 as shown in FIGS. 10 to 13 
and the same effects can be achieved in these structures as 
in the structures shown in FIGS. 6 to 9. In the structures 
shown in FIGS. 10 to 13, while the second p-well 3b where 
the nMOSFET 7c is provided is formed inside the n-well 2, 
other portions are the same as those in the structures shown 
in FIGS. 6 to 9, respectively, 

While both of the first p-well 3a and the second p-well 3b 
in the above described embodiments are fixed at the ground 
potential Vss the same effect can also be gained when the 
first p-well 3a and the second p-well 3b are each provided 
independently with a prescribed potential of polarity reverse 
to the power supply voltage or the potential of the ground 
level. 
A third embodiment according to the present invention 

will now be described referring to FIGS. 14 and 15. A 
structure shown in FIG. 14 corresponds to that of the first 
embodiment shown in FIG. 4. In the structure, the second 
p-well 3b is not formed by implanting p-type impurities 
inside the n-well but is formed in a region of the semicon 
ductor substrate 1 where no n-well is formed in the same 
manner as that of the first p-well 3a. The second p-well 3b 
is surrounded by the second n-well 2c and an n-type con 
ductive layer 2d formed by implanting the n-type impurities 
by high energy ion implantation. Other elements are the 
same as those in the first embodiments shown in FIG. 4. 

In this structure, similarly to the first embodiment above, 
the second P-type well 3b is electrically insulated from the 
first p-type well 3a and the semiconductor substrate 1, and 
even if an injection of electrons are injected into the first 
p-type region, the electrons are absorbed in the second 
n-well 2c and the n-type conductive layer 2d and are 
prevented from reaching the memory cell. 

In the structure shown in FIG. 14, differently from the first 
and the second embodiments above, the first n-well and the 
second n-well 2c and the first p-well 3a and the second 
p-well 3b can be formed in the same process without 
changing the mount of impurities since the p-well is not 
formed in the n-well. Therefore, the amount of impurities in 
the second p-well does not become particularly large so that 
no reduction in the mobility of carriers is caused. 
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The structure shown in FIG. 15 shows a third embodiment 
according to the present invention corresponding the second 
embodiment shown in FIG. 6. Also, in this structure, the 
second p-well 3b is surrounded by the second n-well 2c and 
the n-type conductive layer 2d formed by implanting the 
n-type impurities by high energy ion implantation, so that 
the same effects can be achieved as in the elements shown 
in FIG. 14. Other structures are the same as those shown in 
F.G. 6. 
The same effects can be achieved as in the manner shown 

in FIG. 15 by applying the structure according to this 
embodiment in which the second p-well has its side walls 
and bottom surface surrounded by the second n-well and the 
n-type conductive layer 2d in the manner as shown in FIGS. 
7 to 13 according to the second embodiment. 
While each of the embodiments above was described by 

referring to cases in which a p-well and an n-well are formed 
in a p-type semiconductor substrate, if an n-type semicon 
ductor substrate is employed and the conductivity types of 
wells formed therein are all reversed, the carriers for which 
an injection becomes a problem are changed from electrons 
to holes and the same effects can be achieved as in each of 
the embodiments above. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A semiconductor memory device comprising: 
a first conductivity type semiconductor substrate having a 

surface; 
a first well of a first conductivity type disposed in said 

semiconductor substrate at the surface; 
a second well of a second conductivity type and a third 

well of the second conductivity type, said second and 
third wells being disposed in said semiconductor sub 
strate at the surface adjacent on opposite sides of and 
contacting said first well; 

a fourth well of the first conductivity type disposed in said 
semiconductor substrate at the surface within and sur 
rounded by said third well; 

a memory cell disposed on the surface of said semicon 
ductor substrate within said fourth well; 

a first transistor disposed on the surface of said semicon 
ductor substrate within said first well; and 

a second transistor disposed on the surface of said semi 
conductor substrate within said second well, said first 
and second transistors connected for writing data into 
said memory cell and reading data out of said memory 
cell, said second and third wells for connection to a 
power supply voltage, and said first well and said 
semiconductor substrate for connection to ground. 

2. The semiconductory semiconductor memory device 
according to claim 1 including a first conductivity type 
impurity diffusion regions region isolated and insulated 
from other such regions, disposed at the surface of said 
semiconductor substrate in each of said first and fourth 
wells, respectively. 

3. The semiconductor memory device according to claim 
1 including a second conductivity type impurity diffusion 
region isolated and insulated from other such regions, dis 
posed at the surface of said semiconductor substrate in said 
fourth third well, the second conductivity type impurity 
diffusion region for connection to the power supply. 
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4. The semiconductor memory device according to claim 

1 including a fifth well of the second conductivity type 
disposed at the surface in said substrate adjacent to said first 
well a MOSFET having a first conductivity type channel 
disposed in the fourth second well, a MOSFET having a 
second conductivity type channel disposed in said first well, 
said MOSFET having a first conductivity type channel and 
said MOSFET having a second conductivity type channel 
comprising a complementary MOS circuit. 

5. The semiconductor memory device according to claim 
1 wherein a prescribed voltage having apolarity opposite the 
power supply voltage is applied to said fourth well. 

6. A semiconductor memory device comprising: 
a first conductivity type semiconductor substrate having a 

Surface; 
a first well of the first conductivity type disposed in said 

semiconductor substrate at the surface; 
a second well of a second conductivity type and a third 

well of the second conductivity type disposed in said 
semiconductor substrate at the surface adjacent said 
first well; 

a fourth well of the first conductivity type disposed at the 
surface of said semiconductor substrate within and 
surrounded by said third well; 

a memory cell disposed on the surface of said semicon 
ductor substrate within said first well: 

an external input circuit disposed on the surface of said 
semiconductor substrate within said fourth well; 

a first transistor disposed on the surface of said semicon 
ductor substrate within said first well; and 

a second transistor disposed on the surface of said semi 
conductor substrate within said second well wherein 
said first and second transistors are connected for 
Writing data into said memory cell and reading data out 
of said memory cell, said second and third wells for 
connection to a power supply voltage, and said first 
well and said semiconductor substrate for connection to 
ground. 

7. The semiconductor memory device according to claim 
6 comprising a first conductivity type impurity diffusion 
region isolated and insulated from other such regions, dis 
posed at the surface of said semiconductor substrate in said 
first well, 

8. The semiconductor memory device according to claim 
6 comprising a second conductivity type impurity diffusion 
region isolated and insulated from other such regions, dis 
posed at the surface of said semiconductor substrate in said 
third well, the second conductivity type impurity diffusion 
region for connection to the power supply. 

9. The semiconductor memory device according to claim 
6 wherein a prescribed voltage having apolarity opposite the 
power supply voltage is applied to said fourth well. 

10. A semiconductor memory device comprising: 
a semiconductor substrate of a first conductivity type 

having a surface; 
a first well of the first conductivity type, a second well of 

the first conductivity type, and a third well of the a 
second conductivity type, each of said first, second, and 
third wells extending from the surface of said semi 
conductor substrate into said semiconductor substrate 
to a predetermined depth, the first and third wells 
having respective lateral interfaces boundaries trans 
verse to the surface that are contiguous with each other 
and so that the third well surrounds the first well, the 

first and third wells also having respective transverse 
interfaces boundaries generally parallel to the sur 
face; and 
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a second conductivity type conductive region disposed in 
said semiconductor substrate deeper than each of said 
first and third wells, contiguous to the transverse inter 
faces boundaries of said first and third wells, and 
formed by high energy ion implantation so that the first 
well is electrically insulated and isolated from said 
second well and from said semiconductor substrate. 

11. The semiconductor memory device according to claim 
10, said first well for connection to ground, including a 
memory cell disposed thereon at the surface of said semi 
conductor substrate, said third well for connection to the 
power supply voltage. 

12. The semiconductor memory device according to claim 
10 including an external input circuit disposed at the surface 
of said semiconductor substrate in the second well and a 
memory cell disposed at the surface of said semiconductor 
substrate in the first well, said first and second wells for 
connection to ground and said third well for connection to 
the power supply voltage. 

13. The semiconductor memory device according to claim 
1 including second conductivity type impurity diffusion 
regions isolated and insulated from other such regions, 
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disposed at the surface of said semiconductor substrate in 
said second well and third well, respectively, the second 
conductivity type impurity diffusion regions for connection 
fo the power supply. 

14. The semiconductor memory device according to claim 
1 including a first conductivity type impurity diffusion region 
isolated and insulated from other such regions, disposed at 
the surface of said semiconductor substrate in said first well. 

15. The semiconductor memory device according to claim 
6 comprising first conductivity type impurity diffusion 
regions isolated and insulated from other such regions, 
disposed at the surface of said semiconductor substrate in 
said first and fourth wells, respectively. 

16. The semiconductor memory device according to claim 
6 comprising second conductivity type impurity diffusion 
regions isolated and insulated from other such regions, 
disposed at the surface of said semiconductor substrate in 
said second and third wells, respectively, the second con 
ductivity type impurity diffusion regions for connection to 

20 the power supply. 


