
1                    SEMICONDUCTOR STORAGE DEVICE AND
METHOD OF DRIVING THE SAME       BACKGROUND OF THE INVENTION          The
present invention relates to a method of driving a     semiconductor
storage device mounting nonvolatile memory cells     each including a
floating-gate type field effect transistor.          As a nonvolatile,
writable and erasable memory, an EEPROM     is already known. Figures 25(a)
and 25(b) show the structure     of a unit cell of a conventionally used
typical EEPROM and the     principles of erase (injection of a charge) and
write     (extraction of a charge) in this unit cell. The unit cell of
the EEPROM is formed by connecting a memory transistor and a     select
transistor in series to each other. For example, an n-     type impurity is
introduced at a high concentration into an         in a p-type
semiconductor substrate 101, so as to     form a drain region 102 of the
select transistor, an n[err] region  103 serving as a source region of the
select transistor and a      drain region of the memory transistor, and a
source region 104      of the memory transistor. On the semiconductor
substrate 101,      a select gate 107 of the select transistor is formed
with an      insulating film sandwiched, and a floating-gate 105 of the
memory transistor is also formed. On the floating-gate 105, a      control
gate 106 of the memory transistor is formed with an      insulating film
sandwiched. Between a part of the n[err] region 



103 serving as the drain region of the memory transistor and           the
floating-gate 105 is disposed a tunnel oxide film 110  having a
particularly small thickness.       As is shown in Figure 25(a), in
injecting electrons into  the floating-gate 105, a low voltage of 0V is
applied to the  drain region 102 of the select transistor and a high
voltage of  20 V is applied to the select gate 107 and the control gate
106. As a result, the select transistor is turned on so that  electrons
flow from the drain region 102 to the n[err] region 103,  and then, the
electrons are injected into the floating-gate 105  through the tunnel oxide
film 110 due to the FN tunneling.       As is shown in Figure 25(b), in
extracting electrons from  the floating-gate 105, a low voltage of 0 V is
applied to the  control gate 106, and a high voltage of 20 V is applied to
the  select gate 107 and the drain region 102 of the select  transistor.
As a result, the electrons in the floating-gate  105 are extracted through
the tunnel oxide film 110 to the n[err]  region 103, and then flow into the
drain region 102 of the  select transistor.       In this conventional
EEPROM, write and erase operations  are conducted by making use of movement
of electrons between  the drain region of the memory transistor and the
gate  electrode caused by the FN tunneling.    The  state where  



electrons have been injected into the floating-gate 105 can be  arbitrary
defined as an erased state or a written state and is  not systematically
defined.      On the other hand, another type of EEPROMs utilizing a
principle for a write operation different from that described  above is
also proposed.       For example, the present inventors have proposed a
storage  device as is shown in Figure 26 in which electrons are injected
from a source side (See Japanese Laid-Open Patent Publication  No.
5-226662). In the structure of Figure 26, a floating-gate  202 and a select
gate 203 are formed on a p-type silicon  substrate 200 with a gate
insulating film 201 of a silicon  oxide  film  having  a  thickness  of
approximately  10  nm  sandwiched. An insulating film 204 of a silicon
oxide film is  formed between the gates 202 and 203 and on the side
surfaces  thereof. On the gates 202 and 203, a control gate electrode  208
of a polysilicon film is formed with an ONO (oxide-nitride-  oxide)
multilayered insulating film, including an oxide film,  a  nitride  film
and  another  oxide  film,   sandwiched.  Furthermore, a drain region 205
and a source region 206, that  is, impurity diffused layers, are formed in
the p-type silicon  substrate 200 on both sides of the pair of the gates
202 and  203.       In adopting this structure, when the control gate 208
is 



set at a high positive voltage of approximately 12 through 17  V and the
select gate 203 is set at a low positive voltage of  approximately 1
through 2 V in injecting electrons into the  floating-gate 202, a weak
inversion layer is formed below the  select gate 203 and a depletion layer
is formed in the  substrate below the floating-gate 202. That is to say, a
large                                     4  potential gap is generated
between the inversion layer below  the edge, which is close to the source
region, of the floating-  gate 202 and the depletion layer adjacent to the
inversion  layer.  By making use of this potential gap, electrons can be
injected into the floating-gate 202. When this technique is  used, the
EEPROM can attain a refined structure in which the  select transistor and
the memory transistor are mounted at a  high density.   In addition,
although the drain voltage is  comparatively low (5 V in this case), the
write operation can  be conducted at a higher speed than in the
conventional EEPROM.       In the semiconductor storage device of Figure
26, however,  the electron injection from the source side into the
floating-  gate has the following problems:       First, in the injection
from the source side, the write  operation can be conducted at a
comparative low drain voltage  (of approximately 5 V).  However, when a 3 V
system supply  voltage is used, a memory cell is required to have a
function  that a write operation can be sufficiently conducted at a drain 



voltage of approximately 2 V, in consideration of the  fluctuation in the
threshold value of the transistor and  temperature compensation. Therefore,
it is difficult to inject  electrons by using a single power supply system
of lower than  3 V.       This problem seems to be overcome by increasing
the drain  voltage alone so as to exceed the supply voltage. However, an
injection current in adopting the injection from the source
-5-   side is approximately 10[err]A, which is remarkably smaller than a
current of mA order in adopting the most general channel hot electron
injection, but there is a limit in the number of memory cells into which
electrons can be injected at a time.        In addition, it has been found
that the electron injection from the source side can degrade a peculiar
memory function, although the cause of the degradation has not been
sufficiently probed. Accordingly, the number of repeating times of
write/erase cycles is limited to only scores of thousands.   SUMMARY OF THE
INVENTION        The present invention was devised in view of the
aforementioned problems, and the object is, in a semiconductor storage
device mounting nonvolatile memory cells each including a floating-gate
type transistor and a method of driving the same, improving the number of
erasing and writing times and improving the reliability, while decreasing a
supply voltage required for write and erase.          In a first aspect
this invention provides a semiconductor storage device comprising at least
one memory cell mounted on a semiconductor substrate,        said memory
cell including:        a first diffused layer and a second diffused layer
of a second conductivity type formed in an area of a first conductivity
type in said semiconductor substrate with a space between said first
diffused layer and said second diffused layer;        a floating-gate
formed on said semiconductor substrate to spread over one end of said first
diffused layer and an area between said first and second diffused layers;
a first insulating film formed between said floating-gate and said
semiconductor substrate so as to allow FN tunneling of carriers between
said floating-gate and said first diffused layer and between said
floating-gate and said area between said first and second 



diffused layers;         a select gate formed on said semiconductor
substrate to spread over one end of said second diffused layer and said
area between said first and second diffused layers;         a second
insulating film disposed between said select gate and said semiconductor
-6-   substrate;        a control gate formed close to at least a part of
said floating-gate; and        a third insulating film disposed between
said floating-gate and said control gate,        wherein electrons can be
injected due to the FN tunneling from said area between said first and
second diffused layers in said semiconductor substrate into said
floating-gate through said first insulating film and extracted due to the
FN tunneling from said floating-gate to said first diffused layer through
said first insulating film,        said select gate is made of a first
conductive film deposited on said semiconductor substrate,        said
floating-gate is made of a sidewall formed out of a second conductive film
deposited on a side surface of said select gate with a fourth insulating
film sandwiched, and        said control gate is made of a third conductive
film deposited on said select gate and said floating-gate with said third
insulating film sandwiched.          In this aspect of the invention, the
electrons can be injected into the floating-gate by utilizing the FN
tunneling instead of utilizing the source side injection mechanism. As a
result, a current required for injecting and extracting the elections can
be decreased to approximately 1 nA/cell. Since the current for injection is
thus decreased, a power shortage is not caused even when a drain voltage is
increased from the supply voltage so as to inject the electrons into a
large number of memory cells at a time. Thus, the semiconductor storage
device can be operated at a low voltage. In addition, as compared with the
conventional general semiconductor storage device in which the electrons
are injected and extracted between the drain region and the floating-gate
by utilizing the FN tunneling, the electrons pass through different
portions of the first insulating film in the injection and the extraction,
resulting in improving the durability of the first insulating film.
A further advantage of this aspect of the invention is that the
floating-gate can be formed in a self-alignment manner against the select
gate, and hence, the floating-gate and the select gate, can be formed
within a very small area. In this manner, the integration of the
semiconductor storage device can be improved.        



-7-          In a second aspect this invention provides a semiconductor
storage device comprising at least one memory cell mounted on a
semiconductor substrate,        said memory cell including:        a first
diffused layer and a second diffused layer of a second conductivity type
formed in an area of a first conductivity type in said semiconductor
substrate with a space between said first diffused layer and said second
diffused layer;        a floating-gate formed on said semiconductor
substrate to spread over one end of said first diffused layer and an area
between said first and second diffused layers;        a first insulating
film formed between said floating-gate and said semiconductor substrate so
as to allow FN tunneling of carriers between said floating-gate and said
first diffused layer and between said floating-gate and said area between
said first and second diffused layers;        a select gate formed on said
semiconductor substrate to spread over one end of said second diffused
layer and said area between said first and second diffused layers;        a
second insulating film disposed between said select gate and said
semiconductor substrate;        a control gate formed close to at least a
part of said floating-gate; and        a third insulating film disposed
between said floating-gate and said control gate,        wherein electrons
can be injected due to the FN tunneling from said area between said first
and second diffused layers in said semiconductor substrate into said
floating-gate through said first insulating film and extracted due to the
FN tunneling from said floating-gate to said first diffused layer through
said first insulating film, and        said control gate and said select
gate are formed as a common member.          In this aspect of the
invention, the number of conductive films required for forming the gates
can be decreased, resulting in decreasing the manufacturing cost.
In a third aspect this invention provides a semiconductor storage device
comprising at least one memory cell mounted on a semiconductor substrate,
-8-          said memory cell including:        a first diffused layer and
a second diffused layer of a second conductivity type formed in an area of
a first conductivity type in said semiconductor substrate with a space
between said first diffused layer and said second diffused layer; 



a floating-gate formed on said semiconductor substrate to spread over one
end of said first diffused layer and an area between said first and second
diffused layers;        a first insulating film formed between said
floating-gate and said semiconductor substrate so as to allow FN tunneling
of carriers between said floating-gate and said first diffused layer and
between said floating-gate and said area between said first and second
diffused layers;        a select gate formed on said semiconductor
substrate to spread over one end of said second diffused layer and said
area between said first and second diffused layers;        a second
insulating film disposed between said select gate and said semiconductor
substrate;        a control gate formed close to at least a part of said
floating-gate;        a third insulating film disposed between said
floating-gate and said control gate; and        a third diffused layer
formed in an area of said semiconductor substrate between said
floating-gate and said select gate, said third diffused layer having the
same depth and the same impurity concentration as said first and second
diffused layers,        wherein electrons can be injected due to the FN
tunneling from said area between said first and second diffused layers in
said semiconductor substrate into said floating-gate through said first
insulating film and extracted due to the FN tunneling from said
floating-gate to said first diffused layer through said first insulating
film,         said floating-gate and said select gate are both made of a
first conductive film deposited above said semiconductor substrate, and
said control gate is made of a second conductive film deposited on said
first conductive film with said third insulating film sandwiched.
According to this aspect of the invention, the gates can be formed out of
merely two                                                   -9-
conductive films, resulting in decreasing the manufacturing cost.
Another advantage of this aspect of the invention is that the memory cells
can be excellently operated even when the space between the floating-gate
and the select gate is large.          Preferably, the control gate is
close to an upper surface and side surfaces of the floating-gate with the
third insulating film sandwiched.          As a result, the capacitance
between the control gate and the floating-gate can be increased, and hence,
the electrons can be injected into the floating-gate more easily.   



In a preferred form the control gate can have the same width as the
floating-gate, a dummy gate having the same width as the select gate can be
formed above the select gate out of the second conductive film, and a fifth
insulating film having the same thickness and made of the same material as
the third insulating film can be formed between the dummy gate and the
select gate.           By adopting this embodiment, there is no need to
provide a margin between the control gate and the floating-gate in
consideration of mask alignment shift, resulting in decreasing the size of
each memory cell. Furthermore, since no portion of the control gate is
close to the surface of the semiconductor substrate, no large electric
field is applied to the insulating film on the semiconductor substrate even
when a voltage for electron injection/extraction is applied to the control
gate. Thus, the reliability of the semiconductor storage device can be
improved.           In this case, at least one end of the dummy gate is
preferably removed.             As a result, it is possible to easily form
a line to be connected with the select gate
- 10 -   without interfering with the dummy gate.          The
semiconductor storage device preferably comprises a memory cell array
including a plurality of the memory cells aligned in a matrix; word lines
each provided to each row of the memory cells in the memory cell array
commonly connected with the control gates of the memory cells disposed in
each row in the memory cell array; select lines each provided to each row
of the memory cells in the memory cell array commonly connected with the
select gates of the memory cells disposed in each row in the memory cell
array; bit lines each provided to each column of the memory cells in the
memory cell array commonly connected with the first diffused layers of the
memory cells disposed in each column in the memory cell array; and source
lines each provided to each row of the memory cells in the memory cell
array commonly connected with the second diffused layers of the memory
cells disposed in each row in the memory cell array.          By adopting
this embodiment, the bit lines extend along the columns while the select
lines extend along the rows. When both the bit lines and select lines
extend along the columns or the rows, a leakage current can flow between a
source line and a bit line through the turned-on select Tr of an unselected
memory cell in a read operation. This leakage current can cause error read
that the selected memory cell is judged to be in a written state 



although it is actually in an erased state. In contrast, since the bit
lines are perpendicular to the select lines in this semiconductor storage
device, such error read can be definitely avoided.          In this case,
the memory cells in the memory cell array are preferably disposed so that
arbitrary two adjacent memory cells in each column have the first diffused
layer and the second diffused layer in common, and each of the source lines
can be provided per two rows of the memory cells.
Substitute sheet                   This structure can simplify the source
lines, resulting in simplifying the entire structure of the memory cell
array.          According to a fourth aspect this invention provides a
method of driving a semiconductor storage device,        said semiconductor
storage device comprising a memory cell including a first diffused layer
and a second diffused layer of a second conductivity type formed in an area
of a first conductivity type in a semiconductor substrate with a space
therebetween; a floating-gate formed on said semiconductor substrate so as
to spread over one end of said first diffused layer and an area between
said first and second diffused layers; a first insulating film formed
between said floating-gate and said semiconductor substrate so as to allow
FN tunneling of carriers between said floating-gate and said first diffused
layer and between said floating-gate and said area between said first and
second diffused layers; a select gate formed on said semiconductor
substrate so as to spread over one end of said second diffused layer and
said area between said first and second diffused layers; a second
insulating film disposed between said select gate and said semiconductor
substrate; a control gate formed close to at least a part of said
floating-gate; and a third insulating film disposed between said
floating-gate and said control gate,        wherein, in injecting electrons
into said floating-gate, said floating-gate is set at a higher potential
than said semiconductor substrate, so that the electrons are moved from
said area between said first and second diffused layers in said
semiconductor substrate to said floating-gate due to FN tunneling,
in extracting electrons, said floating-gate is set at a lower potential
than said first diffused layers so that the electrons are moved from said
floating-gate to said first diffused layer due to the FN tunneling,
an operation for injecting the electrons into said floating-gate is defined
as an erase operation, and 



Substitute sheet                                          - 12 -
an operation for extracting the electrons from said floating-gate is
defined as a write operation.          In this driving method, the
electrons are injected into the floating-gate not by utilizing the source
side injection mechanism but by utilizing the FN tunneling. Therefore, a
current required for injecting and extracting the electrons can be
decreased to approximately 1 nA/cell. Since the current for the injection
is thus decreased, a power shortage is not caused even when a drain voltage
is increased from a supply voltage so as to inject the electrons into a
large number of memory cells at a time. As a result, this semiconductor
storage device which can be operated at a low voltage is capable of page
write and page erase of a large number of memory cells. In addition, as
compared with the conventional general method in which the electrons are
injected/extracted between the drain region and the floating-gate by
utilizing the FN tunneling, the electrons pass through different portions
of the first insulating film in the electron injection and extraction.
Therefore, it is possible to suppress the degradation of the entire first
insulating film, resulting in improving the reliability. Thus, the lifetime
of the semiconductor storage device can be remarkably elongated.
- 13 -          In the method of driving a semiconductor storage device,
the semiconductor storage device preferably further comprises a memory cell
array including a plurality of the memory cells aligned in a matrix; word
lines each provided to each row of the memory cells in the memory cell
array commonly connected with the control gates of the memory cells
disposed in each row in the memory cell; select lines each provided to each
row of the memory cells in the memory cell array commonly connected with



14  the select gates of the memory cells disposed in each row in  the
memory cell array; bit lines provided to each column of the  memory cells
in the memory cell array commonly connected with  the first diffused layers
of the memory cells disposed in each  column in the memory cell array; and
source lines provided to  each row of the memory cells in the memory cell
array commonly  connected with the second diffused layers of the memory
cells  disposed in each row in the memory cell array. In this method,  in
an erase operation, a potential of a selected word line can  be set at a
positive value and unselected word lines can be  grounded, and a potential
of the semiconductor substrate can be  set at a negative value.
Alternatively, in an erase operation, a potential of a  selected word line
can be set at a large positive value and  unselected word lines can be
grounded, and the semiconductor  substrate can be grounded.       In any of
the. aforementioned embodiments, the erase  operation can be definitely
conducted at a time on the memory  cells commonly connected with each.word
line.    BRIEF DESCRIPTION OF THE DRAWINGS       Figure 1 is a sectional
view for showing the structure of  a memory cell of an EEPROM according to
a first embodiment;       Figure 2 is an electric circuit diagram of a
memory cell  array of the EEPROM of the first embodiment;      Figure 3 is
an electric circuit diagram for showing the    



15  setting of a voltage at each element of the EEPROM of the first
embodiment in a write operation by Mode 1;       Figure 4 is an electric
circuit diagram for showing the  setting of a voltage at each element of
the EEPROM of the first  embodiment in a write operation by Mode 2;
Figure 5 is an electric circuit diagram for showing the  setting of a
voltage at each element of the EEPROM of the first  embodiment in an erase
operation by Mode 1;       Figure 6 is an electric circuit diagram for
showing the  setting of a voltage at each element of the EEPROM of the
first  embodiment in an erase operation by Mode 2;       Figure 7 is an
electric circuit diagram for showing the  setting of a voltage at each
element of the EEPROM of the first  embodiment in a read operation;
Figure 8 shows the relationship between a pulse width of  a signal and a
threshold voltage in extracting electrons from  a floating-gate of the
memory cell of the EEPROM of the first  embodiment;       Figure 9 shows
the relationship between a pulse width of  a signal and a threshold value
in injecting electrons into the  floating-gate of the memory cell of the
EEPROM of the first  embodiment;       Figure 10 is a sectional view for
showing the structure of  a memory cell of an EEPROM of a second
embodiment;       Figure 11 is a sectional view for showing the structure
of 



a memory cell of a firs type EEPROM of a third embodiment;
16       Figure 12 is a sectional view for showing the structure of  a
memory cell of a second type EEPROM of the third embodiment;       Figure
13 is a sectional view for showing the structure of  a memory cell of a
third type EEPROM of the third embodiment;       Figure 14 is a sectional
view for showing the structure of  a memory cell of a fourth type EEPROM of
the third embodiment;       Figure 15 is a sectional view for showing the
structure of  a memory cell of a fifth type EEPROM of the third embodiment;
Figure 16 is an electric circuit diagram of a memory cell  array of the
EEPROM of the third embodiment;       Figure 17 is an electric circuit
diagram for showing the  setting of a voltage at each element of the EEPROM
of the third  embodiment in a write operation by Mode 1;       Figure 18 is
an electric circuit diagram for showing the  setting of a voltage at each
element of the EEPROM of the third  embodiment in a write operation by Mode
2;       Figure 19 is an electric circuit diagram for showing the  setting
of a voltage at each element of the EEPROM of the third  embodiment in an
erase operation by Mode 1;       Figure 20 is an electric circuit diagram
for showing the  setting of a voltage at each element of the EEPROM of the
third  embodiment in an erase operation by Mode 2;  



Figure 21 is an electric circuit diagram for showing the  setting of a
voltage at each element of the EEPROM of the third  embodiment in a read
operation;       Figure 22 is a sectional view for showing the structure of
17  a memory cell of an EEPROM of a fourth embodiment;       Figure 23 is a
plan view for illustrating the  manufacturing procedures of the memory cell
of the EEPROM of  the fourth embodiment;       Figures 24(a) through 24(c)
are sectional views taken on  lines XXIVa-XXIVa, XXIVb-XXIVb and
XXIVc-XXIVc of Figure 23,  respectively;       Figures 25(a) and 25(b) are
sectional views for showing  injection and extraction of electrons into and
from a floating-  gate of a memory cell of a conventional typical EEPROM;
and       Figure 26 is a sectional view for showing the structure of  a
memory cell of an EEPROM utilizing conventional source side  injection.
DETAILED DESCRIPTION OF THE INVENTION  (Embodiment 1)       The first
embodiment will now be described referring to  the accompanying drawings.
Figure 1 is a sectional view for showing the structure of  an EEPROM of
this embodiment. As is shown in Figure 1, in a p- 



type silicon substrate 1, a drain region 2 and a source region  3, that is,
n-type impurity diffused layers, are formed with a  space therebetween. On
the p-type silicon substrate 1 between  the source region 3 and the drain
region 2, a select gate 6 of  a first polysilicon film is formed with a
gate insulating film  5 sandwiched. Sidewalls are formed on both sides of
the select                                      18  gate 6 by
anisotropically etching a second polysilicon film  deposited with an
insulating film 8 of an ONO film sandwiched.  One of these two sidewalls
that is above the drain region 2  works  as  a  floating-gate  7.   On  the
select-gate  6,  a  comparatively thick silicon oxide film 8a is formed. On
the  select gate 6 and the floating-gate 7, a control gate 9 of a
polysilicon film is formed with an insulating film 10 of an ONO  film
sandwiched.  Between the drain region 2 and the floating-  gate 7 is formed
a tunnel oxide film 4 with a thickness of  approximately 10 nm.
Figure 2 is a circuit diagram for partly showing the  configuration of a
memory cell array of the EEPROM formed by  aligning a plurality of memory
cells as shown in Figure 1. As  is shown in Figure 2, in this memory cell
array, a number of  memory cells Mmn are disposed in a matrix, and in each
column  of the memory cells, the drain regions of adjacent memory cells
are formed as a common drain region and the source regions of  



adjacent memory cells are formed as a common source region.  Each element
of the memory cell of Figure 1 is connected in  this circuit diagram in the
following manner:  The control  gates 9 of the memory cells are connected
with word lines WL1,  WL2, etc. extending along respective rows of the
memory cells.  The drain regions 2 of adjacent memory cells, for example,
of  memory cells M11 and M21, are commonly connected with a bit  line BL1
extending along the column. Furthermore, a source  line is provided for
connection with the source regions 3 which
19  commonly belong to memory cells in two rows, and two source  lines are
combined with each other, so that a combination of  four rows corresponding
to four word lines is provided with  each of source lines SSL1, SSL2, etc.
The select gates 6 of  the memory cells disposed in one row are
respectively connected  with select lines SL1, SL2, etc. extending along
the respective  rows.       It is noted that the connection of the source
lines in the  memory cell array of the present semiconductor storage device
is not limited to that described above.       Now, a write operation and an
erase operation for these  memory cells will be described referring to
Table 1 and Figures  3 through 7. Table 1 is a list for showing the setting
of  voltages in write, erase and read operations, and Figures 3  through 7
specifically. show the voltage at each element in each 



operation listed in Table 1.       [Table 1]  - Write operation
(extraction) -       In a write operation for, for example, a memory cell
M42,  with the respective select lines SL1, SL2, etc. set at 0 V,  with the
respective source lines SSL1, SSL2, etc. opened, and  with the silicon
substrate 1 grounded, the potential of the bit  line BL2 connected with the
drain region of the memory cell M42  to be written is set to be higher than
the potential of the  word line WL4 connected with the control gate of the
memory  cell 42, to the extent that an FN tunnel current can flow.
20  This setting extracts electrons stored in the floating-gate 7  to the
drain region 2, namely, to the bit line BL2. In this  case, the potentials
of the word lines, the bit lines, the  select lines and the like can be set
by the following two  modes:       (Mode 1)       As is shown in Figure 3,
the potential of the word line  WL4 connected with the memory cell M42 to
be written is set at  -10 V, the other word lines (unselected word lines)
WL1, WL2,  WL3, WL5, etc. are respectively set at 0 V, the potential of
the bit line BL2 connected with the memory cell M42 is set at  a positive
voltage of 5 V, and the other bit lines BL1, BL3,  etc. are respectively
opened. All the select lines SL1, SL2, 



etc. are grounded, and all the source lines SSLl, SSL2, etc.  are opened.
(Mode 2)       As is shown in Figure 4, the word line WL4 connected with
the memory cell M42 to be written is grounded, the potentials  of the other
word lines WL1, WL2, WL3, WL5, etc. are  respectively set at 6 V, the
potential of the bit line BL2  connected with the memory cell M42 is set at
12 V, and the  other bit lines BL1, BL3, etc. are respectively opened.  All
the select lines SL1, SL2, etc. are grounded, and all the  source lines
SSL1, SSL2, etc. are opened.      By setting the potentials in the
aforementioned manner,  electrons can be selectively extracted from the
floating-gate                                    21  of the memory cell M42
alone, which is disposed at the  intersection between the word line WL4 and
the bit line BL2,  namely, the memory cell M42 can be placed in a written
state.  - Erase operation (injection) -       In the case where all the
memory cells commonly connected  with at least one word line in the memory
cell array are  desired to be placed in an erased state, with the potential
of  that word line set at a positive high voltage and with the  potential
of the silicon substrate set at a low voltage, a  potential difference
between the control gate and the silicon  



substrate is set to be large to the extent that an FN tunnel  current can
flow between the floating-gate and the silicon  substrate.   Thus,  in each
of the memory cells commonly  connected with at least one word line in the
memory cell array,  electrons are injected from an area between the source
and  drain regions in the silicon substrate into the floating-gate  through
the tunnel insulating film.       It is preferred that at least one of the
source and drain  regions is set at the same potential as the silicon
substrate.  A carrier supply source is required for implanting carrier
(electrons in this case) from the substrate, wherein the source  or drain
serves as the carrier supply source in this case. At  this time, the
voltage applied to the source/drain is made  equal to that of the substrate
for the purposes of obtaining  the most sharp potential gap between the
floating-gate and the  substrate via the tunnel oxide film, thereby
enhancing                                      22  implantation efficiency.
For example, when the potential of  the drain region is set at the same low
potential as the  substrate, the above-described purposes can be achieved
with  ease because the drain region itself opposes the floating-gate  with
the tunnel oxide film therebetween.   However, a column  decoder is
generally disposed in the drain region, and the  circuit structure is
complicated when the potential of the  column decoder can be positively and
negatively changed. 



Therefore, it is advantageous to set the source region at a low  potential
in some case. Although the source region is away  from the floating-gate,
when, for example, the potential of the  substrate is set at -8 V, as is
shown in Table 1, it is  possible to sufficiently invert the potential of
an area of the  substrate below the select gate so as to retain the
potential  of an area of the substrate opposing the edge, which is close
to the source region, of the floating-gate at -8 V by setting  the
potential of the select gate at -4 V and the potential of  the source
region of the selected memory cell at -8 V. In this  case, by setting the
potential of the source region of an  unselected memory cell at -4 V (i.e.,
a half of the potential  of the source region of the selected memory cell)
and setting  the potential of the select gate at 0 V, the potential of the
area of the substrate opposing the edge, which is close to the  source
region, of the floating-gate can be retained at -4 V so  as not to conduct
an erase operation in the unselected memory  cell.
23       In this case, the potentials of the word lines, the  silicon
substrate, the bit lines and the like can be  specifically set by, for
example, any of the following modes:       (Mode 1)       As is shown in
Figure 5, the potentials of the four word  



lines WL2 through WL5 are respectively set at approximately 10  V, the
source line SSL2 corresponding to the four word lines  WL2 through WL5 is
set at -8 V, and the potentials of the  select lines SL2 through SL5
corresponding to the four word  lines WL2 through WL5 are respectively set
at -4 V.   The  potential of the silicon substrate 1 is set at
approximately -8  V.   The unselected select lines SL1, SL6, etc.  and the
unselected word lines WL1, WL6, etc. are grounded, unselected  source lines
SSL1, SSL3 are set at -4 V, and all the bit lines  BL1, BL2, etc. are
opened.  By setting the potentials in this  manner, electrons are injected
at a time into the floating-  gates of the memory cells connected with the
four word lines  WL2 through WL5. In the case where all the memory cells
are  desired to be placed in an erased state, under the conditions  shown
in Figure 5, the potentials of all the word lines are  respectively set at
10 V, the potentials of all the source  lines are respectively set at -8 V,
and the potentials of all  the select lines SL1, SL2, etc. are respectively
set at -4 V.      By adopting the aforementioned erase operation, each
sector of the memory cells commonly connected with any of the  4 word lines
WL2, WL3, WL4, WL5, etc. can be placed in an
24  erased stated or all the memory cells can be placed in an  erased state
at a time in this memory cell array. The minimum  erasable unit is the
number of memory cells connected with 4  



lines.        (Mode 2)        As is shown in Figure 6, the potential of the
selected  word line WL4 is set at approximately 15 V, the unselected word
lines WL1, WL2, WL3, WL5, etc. are grounded, and the silicon  substrate 1
is also grounded. All the bit lines BL1, BL2, etc.  are opened, and all the
select lines SL1, SL2, etc. and all the  source lines SSL1, SSL2, etc. are
grounded. In the case where  all the memory cells are desired to be placed
in an erased  state, under the conditions shown in Figure 6, the potentials
of all the word lines are respectively set at 15 V.       By adopting the
aforementioned erase operation, each  sector of the memory cells commonly
connected with any of the  word lines WL1, WL2, etc. can be placed in an
erased state or  all the memory cells can be placed in an erased state at a
time  in this memory cell array. The minimum erasable unit is the  number
of memory cells connected with one word line.  - Read operation -       As
is shown in Figure 7, the potential of the word line  WL4 connected with
the memory cell M42 to be read is set at a  voltage of Vcc (for example,
approximately 2.5 through 3.3 V),  and the other word lines WL1, WL2, WL3,
WL5, etc. are grounded.  The potential of the bit line BL2 connected with
the memory                                      25  cell M42 is set at 1 V,
and the other bit lines BL1, BL3, etc. 



are opened.  The potential of the select line SL4 connected  with the
memory cell M42 is set at the voltage of Vcc, and the  other select lines
SL1, SL2, SL3, SL5, etc. and all the source  lines SSL1, SSL2, etc. are
grounded. The silicon substrate 1  is also grounded.       Figure 8 is a
characteristic diagram for showing the  relationship between the threshold
voltage and the pulse width  of a signal used in the electron extraction
(write operation)  by Mode 1 of this embodiment.   Also in the conventional
technique, the electrons are extracted from the floating-gate  by utilizing
the FN tunneling of the electrons from the  floating-gate to the drain
region, and hence, substantially the  same characteristic can be obtained
by the conventional storage  device. A current required for extracting the
electrons is  approximately 1 nA/cell in both the present device and the
conventional device.       Furthermore, Figure 9 is a characteristic
diagram for  showing the relationship between the pulse width of a signal
used in injecting the electrons by Mode 1 (shown with a solid  curve) and
by the conventional source side injection (shown  with a broken line) and
the threshold voltage Vth corresponding  to the charge amount in the
floating gate. Also in the other  embodiments of the invention, the FN
tunneling from the area  between the source and drain regions in the
silicon substrate  to the floating-gate is utilized, and hence,
substantially the       



26  same characteristic can be obtained. In adopting the source  side
injection, time required for injecting a given amount of  charges is very
short and the electrons can be rapidly  injected. However, a current
required for the injection is as  small as approximately 1 nA/cell in this
embodiment, while it  is as large as approximately 10 [err]A/cell in the
conventional  source side injection. At this point, when it is assumed that
an allowable total current is approximately 100 pA, the  electrons can be
injected into merely approximately ten memory  cells by the conventional
source side injection. In contrast,  the electrons can be injected into
approximately 100,000 memory  cells at a time in this invention.       The
comparison between the invention and the conventional  source side
injection on the basis of these data reveals the  following: There is
substantially no difference in time and a  current required for extracting
the electrons from the  floating-gate between the invention and the
conventional  technique.  However, a current required for electron
injection  into the floating-gate in the present EEPROM is approximately
1/10000 as large as a current required in the conventional  EEPROM
utilizing the source side injection.  Accordingly, a  large number of
memory cells can be dealt with at a time in  both injection and extraction
of the electrons into and from  the floating-gate in the present device.
In other words, a  page write operation and a page erase operation can be
conducted on a large number of memory cells. In contrast, in  



27  the source side injection, when the electron injection into the
floating-gate is defined as an erase operation, the memory  cells commonly
connected with one word line cannot be erased at  a time, and hence, the
electron injection into the floating-  gate is generally defined as a write
operation. In this case,  the number of memory cells which can be written
at a time is  very small.       Furthermore, in the conventional EEPROM in
which the  electrons are injected from the drain region into the floating-
gate, the FN tunneling of the electrons is effected through the  same
portion of the oxide film in both the extraction and the  injection.
Therefore, the oxide film is largely damaged owing  to the FN tunneling,
resulting in decreasing the number of  times of repeating the write/erase
cycles. In contrast, the  write and erase operations are conducted through
different  portions of the oxide film in the present device, resulting in
elongating the lifetime of the device.       Accordingly, an FN tunnel
current can be utilized in both  write operation (extraction) and erase
operation (injection) in  this embodiment.  In the injection utilizing the
FN tunnel  current, the electrons are injected from the side of the
substrate as described above, so that a smaller current is  required for
the injection than in the conventional source side  injection.  Therefore,
the number of memory cells into which 



the  electrons  can  be  injected  at  a  time  is  remarkably  increased,
and hence, a high speed operation of the entire
28  system can be attained. Also, this means that a lower supply  voltage
can be increased to be used for write and erase  operations.       In
addition, in the structure of the memory cell of the  EEPROM of this
embodiment, the floating-gate 7 is formed in a  self-alignment manner
against the select gate 6, and therefore,  the EEPROM can advantageously
attain a very high density.       Furthermore, by adopting the structure of
the memory cell  array and the driving method of this embodiment, there is
no  need to provide write verification, which is necessary for a
conventional FN write/FN erase type memory cell array in order  to prevent
excess write (namely, excessive electron extraction  from the
floating-gate, which places the memory cell always in  an on-state). This
is because the memory cell adopted in this  embodiment includes an area
which is not covered with the  floating-gate, namely, an area covered with
the select gate  alone, between the source and drain regions. This also
makes  contribution to shortening time required for the write  operation of
the entire  system.   Also,  by adopting the  aforementioned operations,
the number of times of rewrite can  be expected to remarkably increase
because the mechanism which  



is the most stable and causes the smallest write/erase damage  at this
point of time (i.e., the FN current) can be used.       In particular,
since the select lines extend not along the  columns but along the rows in
this embodiment, the select lines  are perpendicular to the bit lines
extending along the columns.                                      29  When
the select lines extend along the columns in the same  direction as the bit
lines, a leakage current can flow between  a source line and a bit line
through the turned-on select Tr of  an unselected memory cell in a read
operation. Owing to this  leakage current, there is a possibility of error
read that the  selected memory cell is judged to be in a written state
although it is actually in an erased state. In contrast, when  the select
lines are perpendicular to the bit lines as in this  embodiment, such error
read can be definitely avoided.  (Embodiment 2)       Figure 10 is a
sectional view for showing the structure of  a memory cell of an EEPROM of
the second embodiment.   The  structure  of  the  memory  cell  of  this
embodiment  is  characterized by a control select gate 12 formed as a
common  member serving as both a control gate and a select gate.
Furthermore, a gate oxide film 5 is much thicker than that of  Embodiment
1.       In the structure of this embodiment, a select line SL is
conductive with a word line WL in a given memory cell. 



Therefore, for example, in the electron extraction from the  floating-gate
by Mode 1 shown in Figure 3, a voltage of -10 V  is applied to the select
line SL4. Specifically, in the memory  cell shown in Figure 10, the
potential of the control select  gate 12 is set at a low potential of -10
V, the potential of a  drain region 2 is set at 5 V, so that the electrons
in a  floating-gate 7 is extracted to the drain region 2. At this
30  point, since a source region 3 is opened, there is no movement  of the
electrons between the control select gate 12 and the  source region 3, and
hence no problem is caused. Similarly,  also in the write operation by Mode
2 shown in Figure 4, there  arises no problem.       Also, in the erase
operations shown in Figures 5 and 6, a  voltage of approximately 15 through
18 V is applied between the  control select gate 12 and a silicon substrate
1.  However,  when the insulating film 5 below the control select gate 12
has  a sufficiently larger thickness than an insulating film below  the
floating-gate 7, there is no electron movement between the  gate and the
substrate, causing no problem.       Furthermore, in the read operation
shown in Figure 7, the  potentials of both the word line WL4 and the select
line SL4  connected with the memory cell M42 to be read are set at the
voltage of Vcc, and hence, there is no problem even when the  word line is
conductive with the select line. 



When the control select gate formed by integrating the  control gate and
the select gate is provided as in this  embodiment, the write, erase and
read operations can be  performed in the same manner as described in
Embodiment 1.  Since the control gate and the select gate are integrated in
this embodiment,  the EEPROM can attain a further higher  density.       In
addition, by adopting the structure of this embodiment,  the word line and
the select line can be unified into one line,
31  resulting in remarkably improving the integration of the  circuit.
(Embodiment 3)       EEPROMs of the third embodiment will now be described
referring to Figures 11 through 15.       Figure 11 is a sectional view for
showing the structure of  a memory cell of a first type EEPROM of this
embodiment. As is  shown in Figure 11, in the first type EEPROM, a select
gate 6  and a floating-gate 7, which are patterned out of the same
polysilicon film, are formed on a p-type silicon substrate 1  with gate
insulating films 5 and 4 each having a thickness of  approximately 5
through 10 nm sandwiched, respectively.  Between the gates 6 and 7 and on
the side surfaces thereof is  formed an insulating film 8 of a silicon
oxide film. On the  



gates 6 and 7, a control gate 9 of a polysilicon film is formed  with an
ONO (oxide-nitride-oxide) multilayered insulating film  10, including an
oxide film, a nitride film and another oxide  film, sandwiched. A drain
region 2 and a source region 3, that  is, impurity diffused layers, are
formed in areas in the p-type  silicon substrate 1 on both sides of the
pair of the gates 6  and 7.       This structure is similar to that of the
EEPROM shown in  Figure 27 previously proposed by the present inventors.
Differences are that the gate insulating film is as thin as  approximately
5 through 10 nm in this embodiment and that  electrons can be injected from
an area in the silicon substrate                                     32  1
between the source and drain regions by utilizing the FN  tunneling in this
embodiment without utilizing the source side  injection mechanism. Since
the electrons are injected into the  floating-gate 7 not by utilizing the
source side injection but  by utilizing the FN tunneling, this EEPROM can
attain basically  the same effects as those of Embodiment 1.  In addition,
by  adopting this structure, the semiconductor storage device can  be
manufactured through a bilayer polysilicon film process, and  hence, the
manufacturing cost can be decreased as compared with  Embodiment 1.
Figure 12 is a sectional view for showing the structure of  a second type
EEPROM of this embodiment.   This second type  



EEPROM can be obtained when the distance between a control gate  6 and a
floating-gate 7 is larger than in the first type  EEPROM, or when a thin
insulating film 10 alone is formed on  the gates 6 and 7.   In this case,
in the implantation of  impurity ions for forming a drain region 2 and a
source region  3, a diffused layer 11 is formed also in an area in a
silicon  substrate 1 between the gates 6 and 7. Also by adopting this
structure, the EEPROM can attain basically the same effects as  those of
the first type EEPROM.       Figures 13 and 14 are sectional views for
showing the  structure of memory cells of third and fourth type EEPROMs of
this embodiment, respectively. These EEPROMs can be obtained  by forming
the control gates 9 merely on the floating-gates 7  in the first and second
type EEPROMs, respectively. Therefore,
33  in each of the third and fourth type EEPROMs, even though the  control
gate 9 is not present on the select gate 6, the control  gate  9  can
exhibit  its  own  function  and  the  parasitic  capacitance between the
control gate and the select gate can be  decreased.   As  a result,  the
reading  speed  is  further  increased.       Figure 15 is a sectional view
for showing the structure of  a memory cell of a fifth type EEPROM of this
embodiment. In  this EEPROM, the distance between a floating-gate 7 and a
select gate 6 is increased as compared with that of the fourth 



type EEPROM, and a control gate 9 covers the top and side  surfaces of the
floating-gate 7 but is away from the select  gate 6. Since the distance
between the floating-gate 7 and the  select gate 6 is large in this fifth
type EEPROM, the control  gate is prevented from being too close to the
select gate 6  even when alignment shift is caused. Therefore, the
parasitic  capacitance can be definitely decreased. In addition, since  the
capacitance between the control gate 9 and the floating-  gate 7 is large,
the function to inject and extract the  electrons into the floating-gate 7
can be advantageously  improved.       Figure 16 is a circuit diagram for
partly showing the  configuration of a memory cell array in the second,
fourth and  fifth type EEPROMs of this embodiment. As is shown in Figure
16, the select transistor and the memory transistor are  separated in each
memory cell, but this structure is basically
34  the same as that shown in Figure 2 in that the drain regions of
adjacent memory cells are formed as a common drain region and  that the
source regions of adjacent memory cells are formed as  a common source
region. Each element of the memory cells shown  in Figures 11 through 15 is
connected in this circuit as  follows:   The control  gates  9 of the
respective memory  transistors are connected with word lines WL1, WL2, etc.



extending along the rows, and the drain region 2 of the  adjacent memory
cells, for example, of memory cells M11 and  M21, is connected with a
common bit line BL1 extending along  the column.   Furthermore, a source
line is provided for  connection with the source region 3 which commonly
belong to  memory cells in two rows, and two source lines are combined
with each other, so that a combination of four rows  corresponding to four
word lines is provided with a combined  source line SSL1, SSL2, or the
like. The select gates 6 of the  memory cells disposed in the same row are
respectively  connected with select lines SL1, SL2, etc. extending along
the  rows. The diffused layer 11 between the memory transistor and  the
select transistor is not connected with any signal line.      Now, write
and erase operations for, for example, a memory  cell M22 will be described
referring to Figures 17 through 21.  - Write operation (extraction) -
In the write operation, with the respective select lines  SL1, SL2, etc.
are grounded, the respective source lines SSL1,  SSL2, etc. are opened and
with the silicon substrate 1                                      35
grounded, the potential of the bit line BL2 connected with the  drain
region of the memory cell M22 to be written is set to be  higher than the
potential of the word line WL2 connected with  the control gate of the
memory cell M22, to the extent that an  FN tunnel  current can  flow.
Through this  setting,  the 



electrons stored in the floating-gate 7 are extracted to the  drain region
2, i.e., to the bit line BL2. In this case, the  potentials of the word
lines, the bit lines, the select lines  and the like are set by the
following Mode 1 or 2:       (Mode 1)       As is shown in Figure 17, the
potential of the word line  WL2 connected with the memory cell M22 to be
written is set at  -10 V, and the potentials of the other word lines WL1,
WL3,  WL4, etc. are respectively set at 0 V.  The potential of the  bit
line BL2 connected with the memory cell M22 is set at a  positive voltage
of 5 V, and the other bit lines BL1, BL3, etc.  are opened. All the select
lines SL1, SL2, etc. are grounded,  and all the source lines SSL1, SSL2,
etc. are opened.       (Mode 2)       As is shown in Figure 18, the word
line WL2 connected with  the memory cell M22 to be written is grounded, and
the  potentials of the other word lines WL1, WL3, WL4, etc. are
respectively set at 6 V. The potential of the bit line BL2  connected with
the memory cell M22 is set at 12 V, and the  other bit lines BL1, BL3, BL4,
etc. are opened. All the select  lines SL1, SL2, etc. are grounded, and all
the source lines                                      36  SSL1, SSL2, etc.
are opened.       By setting the potentials in the aforementioned manner,  



the electrons can be selectively extracted from the floating-  gate of
merely the memory cell M22 disposed at the intersection  of the word line
WL2 and the bit line BL2, namely, the memory  cell M22 can be placed in a
written state.  - Erase operation (injection) -       In the case where all
the memory cells commonly connected  with at least one word line in the
memory cell array are  desired to be placed in an erased state, with the
potential of  that word line set at a positive high voltage and with the
potential of the silicon substrate set at a low voltage, the  potential
difference between the control gate and the silicon  substrate is set to be
large to the extent that an FN tunnel  current can flow. In this manner, in
each of the memory cells  commonly connected with at least one word line in
the memory  cell array, the electrons are injected from an area in the
silicon substrate between the source and drain regions into the
floating-gate through the tunnel insulating film.   It is  preferred that
at least one of the source and drain regions is  set at the same potential
as the silicon substrate for the  above-described reason. In this case, the
voltages of the word  lines, the silicon substrate, the bit lines and the
like are  specifically set, for example, by any of the following modes:
(Mode 1)       As is shown in Figure 19, the potentials of the word lines
37 



WL2 through WL5 (among which the word line WL5 is not shown)  are
respectively set at approximately 10 V, and the potential  of the source
line SSL2 corresponding to these four word lines  WL2 through WL5 is set at
-8 V. The potentials of the select  lines SL2 through SL5 (among which the
select line SL5 is not  shown) corresponding to the four word lines WL2
through WL5 are  respectively set at -4 V, and the potentials of the
unselected  source lines SSL1, etc. are respectively set at -4 V.  The
potential of the silicon substrate 1 is set at approximately -8  V. The
unselected select lines SL1, etc. and the unselected  word lines WL1, etc.
are grounded, and all the bit lines BL1,  BL2, etc. are opened. Through
this setting, the electrons are  injected at a time into the floating-gates
of the memory cells  connected with the four word lines WL2 through WL5. In
the  case where all the memory cells are desired to be placed in an  erased
state, under the conditions shown in Figure 19, the  potentials  of  all
the  word  lines  WL1,  WL2,  etc.  are  respectively set at 10 V, the
potentials of all the source  lines SSL1, SSL2, etc. are respectively set
at -8 V, and the  potentials  of  all the  select  lines  SL1,  SL2,  etc.
are  respectively set at -4 V.      By adopting the aforementioned erase
operation, each  sector of the memory cells commonly connected with any of
the  4 word lines WL2, WL3, WL4, WL5, etc. can be placed in an  erased
state or all the memory cells can be placed in an erased  state at a time
in this memory cell array.   The minimum     



38  erasable unit is the number of memory cells connected with 4  word
lines.       (Mode 2)       As is shown in Figure 20, the potential of the
selected  word line WL2 is set at approximately 15 V, the unselected word
lines WL1, WL3, WL4, etc. are grounded, and the silicon  substrate 1 is
also grounded. All the bit lines BL1, BL2, etc.  are opened, and all the
select lines SL1, SL2, etc. and all the  source lines SSL1, SSL2, etc. are
grounded. In the case where  all the memory cells are desired to be placed
in an erased  state, under the conditions shown in Figure 20, the
potentials  of all the word lines WL1, WL2, etc. are respectively set at 15
V.       By adopting this erase operation, each sector of the  memory cells
commonly connected with each word line WL1, WL2 or  the like can be placed
in an erased state or all the memory  cells can be placed in an erased
state at a time in this memory  cell array. The minimum erasable unit is
the number of memory  cells connected with one word line.  - Read operation
-       As is shown in Figure 21, the potential of the word line  WL2
connected with the memory cell M22 to be read is set at the  voltage of
Vcc, and the other word lines WL1, WL3, WL4, etc.  are grounded. The
potential of the bit line BL2 connected with  the memory cell M22 is set at
1 V, and the other bit lines BL1,  



BL3, etc. are opened.  The potential of the select line SL2
39  connected with the memory cell M22 is set at the voltage of  Vcc, and
the other select lines SL1, SL3, SL4, etc. and all the  source lines SSL1,
SSL2, etc. are grounded.       By setting the potentials in the
aforementioned manner,  this embodiment can attain basically the same
write, erase and  read operations as those of Embodiment 1 and can exhibit
the  same effects.  (Embodiment 4)       The fourth embodiment will now be
described. Figure 22 is  a sectional view of a memory cell of an EEPROM of
this  embodiment. As is shown in Figure 22, this structure is the  same as
that of the fifth type EEPROM of Embodiment 3 in the  following points: A
select gate 6 and a floating-gate 7 are  formed on a silicon substrate 1
with gate oxide films 5 and 4  sandwiched, respectively; a drain region 2
is formed in the  silicon substrate 1 on one side of the floating-gate 7; a
source region 3 is formed in the silicon substrate 1 on one  side of the
select gate 6; and a diffused layer 11 is formed in  the silicon substrate
1 between the gates 6 and 7. Differently  from the fifth type EEPROM of
Embodiment 3, on the floating-  gate 7 and the select gate 6 of this
embodiment, control gate  9a and a dummy gate 9b are formed with insulating
films 10a and  10b sandwiched, respectively.   The control gate 9a and the 



dummy gate 9b are patterned out of a second polysilicon film,  and
respectively have the same widths as the floating-gate 7  and the select
gate 6. The insulating films 10a and 10b are
40  patterned out of the same ONO film. The silicon substrate 1  and the
respective gates are covered with an insulating film  13.       Figure 23
is a plan view for illustrating the  manufacturing process of a memory cell
array of the EEPROM of  this embodiment, whereas the status shown in Figure
23 dose not  appear during the manufacturing process. Figures 24(a) through
24(c) are sectional views taken on lines XXIVa-XXIVa, XXIVb-  XXIVb and
XXIVc-XXIVc of Figure 23, respectively. Now, the  manufacturing process and
the structure of the EEPROM of this  embodiment will be described referring
to Figures 23 and 24(a)  through 24(c).       In the manufacturing process,
after forming an isolation  20 of a SiO[err] film on the silicon substrate
1, a gate oxide film  is formed and a first polysilicon film 21
(corresponding to a  hatched area in Figure 23) is formed on the gate oxide
film.  Then, a portion of the first polysilicon film 21 corresponding  to
each isolation 20 is selectively removed, thereby forming a  rectangular
opening 21a.   On the first polysilicon film, a  second polysilicon film is
deposited with an insulating film  sandwiched, which procedure is not
shown.   Furthermore, a 



portion of the second polysilicon film including an area above  the select
gate and corresponding to a right end in Figure 23  is selectively removed,
which procedure is also not shown.  Thus, as is shown in Figure 24(c), a
gate drawing line 23 can  be  easily  formed  from  the  select  gate  6.
The  second                                     41  polysilicon film is
patterned, thereby forming the control gate  9a and the dummy gate 9b.  The
first polysilicon film 21 is  simultaneously patterned, thereby forming the
floating-gate 7  and the select gate 6. At this point, as is shown in
Figure  24(b), due to the opening 21a formed in the first polysilicon  film
21, the floating-gate 7 is divided on each isolation 20,  so that the
floating-gates of the respective memory cells are  separated from one
another.   Then, an interlayer insulating  film 24 of a BPSG film or the
like is deposited on the entire  top surface of the substrate, and contact
windows are formed.  Then, a metallic film of aluminum or the like is
deposited on  the entire top surface.   The metallic film is patterned,
thereby forming a bit line 22 connected with each drain region  2 and the
gate drawing line 23 connected with each select gate  6 (See Figures 24(a)
and 24(c)). A source line connected with  each source region 3 is formed on
an upper interconnection  layer, which is not shown.       Also in this
embodiment, the write and erase operations  are conducted in the same
manner as described in Embodiment 3. 



In the erase operation, the electrons can be injected into the
floating-gate 7 from the area in the silicon substrate 1  between the
source and drain regions. Accordingly, this EEPROM  can attain basically
the same effects as those of Embodiment 3.  In addition, since the control
gate and the floating-gate are  simultaneously formed by using a resist
film as a mask, there  is no need to provide a margin between the control
gate and the                                    42  floating-gate in
consideration of the mask alignment shift  differently from the fifth type
EEPROM of Embodiment 3 (See  Figure 15), resulting in minimizing each
memory cell.  Furthermore, since the control gate 9 is not too close to the
silicon substrate 1 with the insulating film therebetween  differently from
the structure of Figure 15, no large electric  field is applied on any part
of the insulating film on the  silicon substrate 1 in the write and erase
operations,  resulting in improving the reliability of the device.
Although the dummy gate 9b is present above the select  gate 6, there is no
difficulty in drawing a signal from the  select gate 6 (select line SL)
because, as is shown in Figure  24(c), the gate drawing line 23 connected
with the select gate  6 is formed in an area where the second polysilicon
film is  removed near the edge of the memory cell array.    



43 Table 1:                Extraction   Extraction    Injection
Injection  Mode         Mode 1        Mode 2        Mode 1       Mode 2
Read   Selected  Source         open          open           -8 V
0V             0V   Unselected  Source          open         open
-4 V         0V            0V  Selected  Drain           5 V           12 V
open         open           1 V   Unselected  Drain           open
open          open         open          open  Selected  Select gate     0V
0V            -4 V         0V            Vcc  Unselected  Select gate
0V            0V            0V           0V            0V  Selected
Control gate   -10 V        0V           10 V         15 V             Vcc
Unselected  Control gate   0V             6 V            0V           0V
0V    Substrate      0V              0V           8 V          0V
0V                                                    - 44 -   WHAT IS
CLAIMED IS:   1.    A semiconductor storage device comprising at least one
memory cell mounted on a semiconductor substrate,        said memory cell
including:        a first diffused layer and a second diffused layer of a
second conductivity type formed in an area of a first conductivity type in
said semiconductor substrate with a space between said first diffused layer
and said second diffused layer;        a floating-gate formed on said
semiconductor substrate to spread over one end of said first diffused layer
and an area between said first and second diffused layers;        a first
insulating film formed between said floating-gate and said semiconductor
substrate so as to allow FN tunneling of carriers between said
floating-gate and said first 



diffused layer and between said floating-gate and said area between said
first and second diffused layers;        a select gate formed on said
semiconductor substrate to spread over one end of said second diffused
layer and said area between said first and second diffused layers;
a second insulating film disposed between said select gate and said
semiconductor substrate;         a control gate formed close to at least a
part of said floating-gate; and         a third insulating film disposed
between said floating-gate and said control gate,         wherein electrons
can be injected due to the FN tunneling from said area between said first
and second diffused layers in said semiconductor substrate into said
floating-gate through said first insulating film and extracted due to the
FN tunneling from said floating-gate to said first diffused layer through
said first insulating film,         said select gate is made of a first
conductive film deposited on said semiconductor substrate,         said
floating-gate is made of a sidewall formed out of a second conductive film
deposited on a side surface of said select gate with a fourth insulating
film sandwiched, and         said control gate is made of a third
conductive film deposited on said select gate and  said floating-gate with
said third insulating film sandwiched.
- 45 -   2.    A semiconductor storage device comprising at least one
memory cell mounted on a semiconductor substrate,        said memory cell
including:        a first diffused layer and a second diffused layer of a
second conductivity type formed in an area of a first conductivity type in
said semiconductor substrate with a space between said first diffused layer
and said second diffused layer;        a floating-gate formed on said
semiconductor substrate to spread over one end of said first diffused layer
and an area between said first and second diffused layers;        a first
insulating film formed between said floating-gate and said semiconductor
substrate so as to allow FN tunneling of carriers between said
floating-gate and said first diffused layer and between said floating-gate
and said area between said first and second diffused layers;        a
select gate formed on said semiconductor substrate to spread over one end
of said second diffused layer and said area between said first and second
diffused layers;        a second insulating film disposed between said
select gate and said semiconductor substrate;        a control gate formed
close to at least a part of said floating-gate; and        a third
insulating film disposed between said floating-gate and said control gate,
wherein electrons can be injected due to the FN tunneling from said area
between said first and second diffused layers in said semiconductor
substrate into said floating-gate through said first insulating film and
extracted due to the FN tunneling from said floating-gate to said first
diffused layer through said first insulating film, and        said control
gate and said select gate are formed as a common member.   



3.    A semiconductor storage device comprising at least one memory cell
mounted on a semiconductor substrate,        said memory cell including:
a first diffused layer and a second diffused layer of a second conductivity
type formed in an area of a first conductivity type in said semiconductor
substrate with a space between said first diffused layer and said second
diffused layer;            REPLACEMENT SHEET
-46 -          a floating-gate formed on said semiconductor substrate to
spread over one end of said first diffused layer and an area between said
first and second diffused layers;        a first insulating film formed
between said floating-gate and said semiconductor substrate so as to allow
FN tunneling of carriers between said floating-gate and said first diffused
layer and between said floating-gate and said area between said first and
second diffused layers;        a select gate formed on said semiconductor
substrate to spread over one end of said second diffused layer and said
area between said first and second diffused layers;        a second
insulating film disposed between said select gate and said semiconductor
substrate;        a control gate formed close to at least a part of said
floating-gate;        a third insulating film disposed between said
floating-gate and said control gate; and        a third diffused layer
formed in an area of said semiconductor substrate between said
floating-gate and said select gate, said third diffused layer having the
same depth and the same impurity concentration as said first and second
diffused layers,        wherein electrons can be injected due to the FN
tunneling from said area between said first and second diffused layers in
said semiconductor substrate into said floating-gate through said first
insulating film and extracted due to the FN tunneling from said
floating-gate to said first diffused layer through said first insulating
film,        said floating-gate and said select gate are both made of a
first conductive film deposited above said semiconductor substrate, and
said control gate is made of a second conductive film deposited on said
first conductive film with said third insulating film sandwiched.   4.
The semiconductor storage device of Claim 3, wherein a space between said
floating- gate and said select gate is filled with said third insulating
film and said control gate.   5.    The semiconductor storage device of
Claim 3, wherein said control gate is formed close to said floating-gate
alone.       



-47 -   6.    The semiconductor storage device of Claim 5, wherein said
control gate is close to an upper surface and side surfaces of said
floating-gate with said third insulating film sandwiched.   7.    The
semiconductor storage device of Claim 5, wherein said control gate has the
same width as said floating-gate,        a dummy gate having the same width
as said select gate is formed above said select gate out of said second
conductive film, and        a sixth insulating film having the same
thickness and made of the same material as said third insulating film is
formed between said dummy gate and said select gate.   8.    The
semiconductor storage device of Claim 7, wherein at least one end of said
dummy gate is removed.   9.    The semiconductor storage device of claim 3,
further comprising:        a memory cell array including a plurality of
said memory cells aligned in a matrix;        word lines each provided to
each row of said memory cells in said memory cell array commonly connected
with said control gates of said memory cells disposed in each row in said
memory cell array;        select lines each provided to each row of said
memory cells in said memory cell array commonly connected with said select
gates of said memory cells disposed in each row in said memory cell array;
bit lines each provided to each column of said memory cells in said memory
cell array commonly connected with said first diffused layers of said
memory cells disposed in each column in said memory cell array; and
source lines each provided to each row of said memory cells in said memory
cell array commonly connected with said second diffused layers of said
memory cells disposed in each row in said memory cell array.   10.   The
semiconductor storage device of Claim 9, wherein said memory cells in said
-48 -   memory cell array are disposed so that arbitrary two adjacent
memory cells in each column have said first diffused layer and said second
deffused layer in common, and 



each of said source lines is provided per two rows of said memory cells.
11.   A method of driving a semiconductor storage device,        said
semiconductor storage device comprising a memory cell including a first
diffused layer and a second diffused layer of a second conductivity type
formed in an area of a first conductivity type in a semiconductor substrate
with a space therebetween; a floating-gate formed on said semiconductor
substrate so as to spread over one end of said first diffused layer and an
area between said first and second diffused layers; a first insulating film
formed between said floating-gate and said semiconductor substrate so as to
allow FN tunneling of carriers between said floating-gate and said first
diffused layer and between said floating-gate and said area between said
first and second diffused layers; a select gate formed on said
semiconductor substrate so as to spread over one end of said second
diffused layer and said area between said first and second diffused layers;
a second insulating film disposed between said select gate and said
semiconductor substrate; a control gate formed close to at least a part of
said floating-gate; and a third insulating film disposed between said
floating-gate and said control gate,         wherein, in injecting
electrons into said floating-gate, said floating-gate is set at a higher
potential than said semiconductor substrate, so that the electrons are
moved from said area between said first and second diffused layers in said
semiconductor substrate to said floating-gate due to FN tunneing,
in extracting electrons, said floating-gate is set at a lower potential
than said first diffused layers so that the electrons are moved from said
floating-gate to said first diffused layer due to the FN tunneling,
an operation for injecting the electrons into said floating-gate is defined
as an erase operation, and         an operation for extracting the
electrons from said floating-gate is defined as a write operation.
-49 -   12.   The method of driving a semiconductor storage device of Claim
11,        wherein said semiconductor storage device further comprises a
memory cell array including a plurality of said memory cells aligned in a
matrix; word lines each provided to each row of said memory cells in said
memory cell array commonly connected with said control gates of said memory
cells disposed in each row in said memory cell; select lines each provided
to each row of said memory cells in said memory cell array commonly
connected with said select gates of said memory cells disposed in each row
in said memory cell array; bit lines provided to each column of said memory
cells in said memory cell array commonly connected with said first diffused
layers of said memory cells disposed in each column in said memory cell
array; and source lines provided to each row of said memory cells in said
memory cell array commonly connected with said second diffused layers of
said memory cells disposed in each row in said memory cell array, and
in an erase operation, a potential of a selected word line is set at a
positive value and unselected word lines are grounded, and a potential of
said semiconductor substrate is set at a negative value. 



13.   The method of driving a semiconductor storage device of Claim 12,
wherein the erase operation is conducted on a plurality of said word lines
at a time.   14.   The method of driving a semiconductor storage device of
claim 11,        wherein said semiconductor storage device further
comprises a memory cell array including a plurality of said memory cells
aligned in a matrix; word lines each provided to each row of said memory
cells in said memory cell array commonly connected with said control gates
of said memory cells disposed in each row in said memory cell; select lines
each provided to each row of said memory cells in said memory cell array
commonly connected with said select gates of said memory cells disposed in
each row in said memory cell array; bit lines provided to each column of
said memory cells in said memory cell array commonly connected with said
first diffused layers of said memory cells disposed in each column in said
memory cell array; and source lines provided to each row of said memory
cells in said memory cell array commonly connected with said second
diffused layers of said memory cells
- 50 -  disposed in each row in said memory cell array, and        in an
erase operation, a potential of a selected word line is set at a large
positive value and unselected word lines are grounded, and said
semiconductor substrate is grounded.   15.   The method of driving a
semiconductor storage device of Claim 14,        wherein the erase
operation is conducted on a plurality of said word lines at a time.   16.
A semiconductor storage device comprising at least one memory cell mounted
on a semiconductor substrate,        said memory cell including:        a
first diffused layer and a second diffused layer of a second conductivity
type formed in an area of a first conductivity type in said semiconductor
substrate with a space between said first diffused layer and said second
diffused layer;        a floating-gate formed on said semiconductor
substrate to spread over one end of said first diffused layer and an area
between said first and second diffused layers;        a first insulating
film formed between said floating-gate and said semiconductor substrate so
as to allow FN tunneling of carriers between said floating-gate and said
first diffused layer and between said floating-gate and said area between
said first and second diffused layers;        a select gate formed on said
semiconductor substrate to spread over one end of said second diffused
layer and said area between said first and second diffused layers;        a
second insulating film disposed between said select gate and said
semiconductor substrate;        a control gate formed close to at least a
part of said floating-gate; and        a third insulating film disposed
between said floating-gate and said control gate, 



wherein electrons can be injected due to the FN tunneling from said area
between said first and second diffused layers in said semiconductor
substrate into said floating-gate through said first insulating film and
extracted due to the FN tunneling from said floating-gate to said first
diffused layer through said first insulating film,        said
floating-gate and said select gate are both made of a first conductive film
-51 -   deposited above said semiconductor substrate,        said control
gate is made of a second conductive film deposited on said first conductive
film with said third insulating film sandwiched,        said control gate
is formed closed to said floating-gate alone, and has the same width as
said floating-gate,        a dummy gate having the same width as said
select gate is formed above said select gate out of said second donductive
film, and        a sixth insulating film having the same thickness and made
of the same material as said third insulating film is formed between said
dummy gate and said select gate.   17.   The semiconductor storage device
of claim 16, wherein a space between said floating- gate and said select
gate is filled with said third insulating film and said control gate.   18.
The semiconductor storage device of claim 16, wherein at least one end of
said dummy gate is removed.   19.   The semiconductor storage device of
claim 16 further comprising,        a memory cell array including a
plurality of said memory cells aligned in a matrix;        word lines each
provided to each row of said memory cells in said memory cell array
commonly connected with said control gates of said memory cells disposed in
each row in said memory cell array;        select lines each provided to
each row of said memory cells in said memory cell array commonly connected
with said select gates of said memory cells disposed in each row in said
memory cell array;        bit lines each provided to each column of said
memory cells in said memory cell array commonly connected with said first
diffused layers of said memory cells disposed in each column in said memory
cell array; and         source lines each provided to each row of said
memory cells in said memory cell array commonly connected with said second
diffused layers of said memory cells disposed in each row in said memory
cell array.      



-52 -   20    The semiconductor storage device of claim 19, wherein said
memory cells in said memory cell array are disposed so that arbitrary two
adjacent memory cells in each column have said first diffused layer and
said second diffused layer in common, and        each of said source lines
is provided per two rows of said memory cells.   21.   The semiconductor
storage device of claim 19, further comprising:        a memory cell array
including a plurality of said memory cells aligned in a matrix;        word
lines each provided to each row of said memory cells in said memory cell
array commonly connected with said control gates of said memory cells
disposed in each row in said memory cell array;        select lines each
provided to each row of said memory cells in said memory cell array
commonly connected with said select gates of said memory cells disposed in
each row in said memory cell array;        bit lines each provided to each
column of said memory cells in said memory cell array commonly connected
with said first diffused layers of said memory cells disposed in each
column in said memory cell array; and        source lines each provided to
each row of said memory cells in said memory cell array commonly connected
with said second diffused layers of said memory cells disposed in each row
in said memory cell array.   22.   The semiconductor storage device of
claim 21, wherein said memory cells in said memory cell array are disposed
so that arbitrary two adjacent memory cells in each column have said first
diffused layer and said second diffused layer in common, and        each of
said source lines is provided per two rows of said memory cells.   23.
The semiconductor storage device of claim 21, further comprising;         a
memory cell array including a plurality of said memory cells aligned in a
matrix;         word lines each provided to each row of said memory cells
in said memory cell array commonly connected with said control gates of
said memory cells disposed in each row in said memory cell array;
- 53 -          select lines each provided to each row of said memory cells
in said memory cell array commonly connected with said select gates of said
memory cells disposed in each row in said 



memory cell array;        bit lines each provided to each column of said
memory cells in said memory cell array commonly connected with said first
diffused layers of said memory cells disposed in each column in said memory
cell array; and        source lines each provided to each row of said
memory cells in said memory cell array commonly connected with said second
diffused layers of said memory cells disposed in each row in said memory
cell array.   24.   The semiconductor storage device of claim 23, wherein
said memory cells in said memory cell array are disposed so that arbitrary
two adjacent memory cells in each column have said first diffused layer and
said second diffused layer in common, and        each of said source lines
is provided per two rows of said memory cells.
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