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Transistor, transistor array, method for manufacturing transistor

array, and nonvolatile semiconductor memory

BACKGROUND OF THE INVENTION
f‘i_elci of the Invention

The present invention relates to transistors, transistor
arrays, mnmethods of manufacturing . transistor arrays, and to
noﬁvolatile sémiconductor memories. t-

Description o;‘? the Relafed Art

Nonvolatile semiconductor memories such as FeRAM (Ferro-
electric Random Access memory), EPROM (Erasable and Programmable
Read Only Memory), and EEPROM {Electrically Erasable and
Programmable Read 6nly Memory) are currently attracting attention.
EPROMs and EEPROMs store data by storing electrical charge at a
floating gaté and then using a control gate to detect changes in
a threshold voJ:_tage thereof due to presence or absence of an
electrical char;;a. One current EEPROM is an EEPROM-which erases
data in a unit of a complete mepory chip, .and another is a flash
EEPROM which divides memory cell arrays thereo‘f}%nto arbitrary
blocks and data erasing is carried out for each block.

Flash EEPROMs have advanfages such as (1) non-volatility of
storeddata, (2) lowpower consumption, (3) capabilityofelectrical
rewriting (on-board rewriting), and (4) lowcost. Therefore, their
range of application has been spreading to include storage memories
for programs or data used in cellular phones and mobile information

" terminals.

Memory cells which constitute flash EEPROM have several types
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2
including split gate and stacked gate type.

In a flash EEPRCM which uses stacked gate type memory cells,
memory cells do not have a self selection function. Therefore,
when electric charge is over-discharged from a floating gate
electrode while erasing data, a channel regionwill become ON, even
when a predetermined voltage for an OFF state (e.g., OV) is applied

to a control gate electrode. As a consequence, memory cells are

continually kept in an ON state, and a problem that reading stored

data becomes impossible, that is, a so called over erase problem,
occurs. To prevent over erase from occurring, processing is
necessary in an erasing operation such as controlling erasing
operation at a peripheral circuit of a memory device or at an
external circuit thereof.

To prevent over erase in stacked gate type memory cells, split
type memory cells have been developed.

A flash EEPROM using split type gate memory cells has been
disclosed in W092/18980 (G11C 13/00).

Fig. 19 is a cross section of a conventional split gate type
memory cell 201.

The split gate type memory cell 201 (split gate type
transistor) comprises a source region 203, drain region 204, a
channel region 205, a floating gate electrode 206, and a control
gate electrode 207.

The N type source region 203 and drain region 204 are formed
on a P type monocrystalline silicone substrate. Over the channel
region 205 which lies between the source region 203 and the drain

region 204, the floating gate electrode is formed with a gate
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insulating layer 208 covering the channel region 205 and the
floating gate electrode 206. The control géte electrode 207 is
formed over the floating gate electrode 206 which is covered by
an insulating layer 209 made by LOCOS (Local Oxidation of Silicon)
method, with an insulating layer 210 lying between the floating
gate electrode 206 and the control gate electrode 207. As it is
covered with the insulating layer 209, the floating gate electrode
has two protuberances 206a in an upper portion thereof.

A portion of the control gate electrode 207 lies over the
channel region 205 with the insulating layers 208 and 210 lying
between the portion of the floating gate 207 and the channel region
205, and forms a selecting gate 211. A selecting transistor 212
is formed with the selecting gate 211, the source region 203, and
the drain region 204. In other words, the split gate type memory
cell 201 comprises the selecting transistor 212 and transistors
which comprise the floating gate electrode 206, the control gate
electrode 207, the source region 203, and the drain region 204,
the aforesaid transistors being laid out in series.

Fig. 20a is a partial cross section of a memory cell array
302 included in a flash EEPROM 301 using the split gate type memory
cells 201.

The memory cell array 302 comprises a plurality of memory
cells 201 formed on a silicon substrate 202.

To keep the region occupied on the silicon substrate 202 small,
two memory cells 201 (hereafter called 20la and 201b for
distinction) share the source region 203, and the floating gate

electrodes 206 and the control gate electrodes 207 are laid out
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_ 4
symmetrically around the common source region 203.

Fig. 20b is a partial top view of the memory cell array 302.
"Fig. 20a is the cross section of the memory cell array 302 cut by
the line X-X shown in Fig. 20b.

A field insulating layer 213 is formed on the silicon
substrate 202, and the field insulating layer separates elements
of each mefnory cell 201 . Each source region 203 laid out vertically
in Fig. 20b is shared. Also, each control gate electrode 207 of
each memory cell 201, the control gate electrode being laid out
vertically in Fig. 20b, is shared. Each control gate electrode
forms a word line. Each drain region 204 laid out horizontally
in Fig. 20b is connected to a bit line (not shown) via a bit line
contact 214.

Figure 21 shows an entire configuration of the flash EEPROM
301 using split gate type memory cells 201.

The memory cell array 302 is configured with a plurality of
memory cells 201 laid out to form a matrix. The control gate
electrodes 207 which are laid out in rows form common word lines
WL1-Wln. The drain regions 204 of memory cells 201 are laid out
in columns and connected to common bit lines BL1-BLn:

Each memory cell 201lb connected to a word line with an odd
number (WL1, WL3, ...WLm...WLn-1) shares the source region 203 with
each memory cell 201la connected to a word line with an even number
(WL2, WL4, ...WLm+l...WLn). The shared source region 203 forms
each source line RSL1-RSLm-RSLn. For example, the memory cell 201b
which is connected to a word line WLm and the memory cell 201la which

is connected to a word line WLm+1 share the source region 203, while
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. 5
the shared source region 203 forms a source line RSLm. Each source

line RSL1-RSLn is connected to a common source line SL.

Each word line WL1-WLn is connected to a row decoder 303,
while each bit line BL1-BLn is connected to a column decoder 304.

Row and column addresses specified by an external source are
input to an address pin 305. The row address and column address
are transferred from the address pin 305 to an éddreés latch 307
via an address buffer 306. BAmong the addresses latched by the
address latch 307, the row address is transferred to the row décoder
303, while the column address is transferred to the column decoder
304.

The row decoder 303 selects a word line which corresponds
to the row address latched by the address latch 307 (for example,
Wlm), and controls a voltage of each word line WL1~WLn corresponding
to a later-described operation mode. In other words, by
controlling the voltage of each word line WL1-WLn, a voltage of
each control gate electrode 207 in each memory cell 201 is
controlled.

The column decoder 304 selects a word line which corresponds
to the column address latched by the address latch 307 (for example,
BLm_)  and controls a voltage of each bit line BL1-BLn corresponding
to a later-described operation mode. In other words, the woltage
of each drain region 204 in each memory cell 201 is controlled by
controlling the voltage of each bit line BL1-BLn.

The common source line SL is connected to a bias circuit 312.
The source line bias circuit 312 controls, via the common source

line SL, a voltage of each source line SL1-SLn corresponding to
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each iater-des'cribed operation mode.  In other words, by

controlling the _voltage of each source line SL1-SLn, the voltage
of each source region 203 in each memory cell 201 is controlled.

Data specified by an external source is input to data pin
308. The data is transferred from the data pin 308 to the column
decoder 304 via an input buffer 309. The column decoder 304
.controls the voltage of each bit line BL1-BLn corresponding to the
data, as will be described later.

Data read from any memory cell 201 is transferred from the
bit line BL1-BLn to a sense amplifier 310 via the column decoder
304. The sense amplifier 310 is a current sense amplifier. The
column decoder 304 connects one bit line BL1-BLn which the column
decoder selects with the sense amplifier 310. The distinguished
data by the sense amplifier 310 is output from an output buffer
311 to outside via the data pin 308.

The above-described operations of each circuit (303-312) are
controlled by a control core circuit 313.

Each operationmode of the flash EEPROM 301 (writing, reading,
and erasing) will be described hereinbelow referring to Fig. 22.
(a) Writing operation (See Fig. 22a)

The drain region of the selected memory cell 201 is grounded
via a constant current source 310a set within the sense amplifier
310. The voltage of the drain region is set to 1.2 V. The voltage
of each drain region of the memory cells 201 which are not selected
is set to 3 V.

The voltage of the control gate electrode 207 of the selected

memory cell 201 is set to 2 V. The voltage of each control gate



7
electrode of the memory cells 201 which are not selected is set
to 0 V. |

The voltages of all source regions 203 in all lﬁemory cells
201 are set to 12 V.

In the memory cell 201, a threshold voltage Vth of the
.selecting transistor 212 is approximately 0.5 V. Therefore, in
the selected memory cell 201, electrons in the drain region 204
move to the channel region.205_in.an.inversion.state. As a result,
a cell current flows from the source region 203 to the drain region
204. On the other hand, the voltage of the source region is 12
V. Therefore, coupling through a capacity between the source
region 203 and the floating gate electrode 206 raises the potential
of the floating gate electrode closer to 12 V. As a consequence,
a high potential field is created between the channel region 205
and the floating gate electrode 206. Therefore, electrons in the
channel region 205 are accelerated to become hot electrons, and
are injected to the floating gate electrode 206, as shown by an
arrow A in Fig. 22a. As a result, electric charge is accumulated
in the floating gate electrode 206 in the selected memory cell 201,
and 1 bit data is thus written and stored.

This writing operation is carried out by each selected memory
cell 201.

(b) Reading operation (See Fig. 22b)

The potential of the drain region of the selected memory cell
201 is set to 2 V. The potentials of the drain regions 204 of the
memory cells 201 which are not selected are set to 0 V.

The potential of the control gate electrode 207 of the
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selectedmemorycell 201 isset to4V. Thepotentials of the control
gate electrodes 207 of the memory cells 201 which are not selected
are set to 0 V.

The potentials of the source regions 203 of the all memory
cells 201 are set to 0 V.

As will be described later, electric charge is not stored
in an erasing mode of the floating gate electrode 206 in the memory
cell 201. On the other hand, as described above, electric charge
is stored in the writing mode in the floating gate electrode 206
of the memory cell 201. Therefore, the channel region 205 under
the floating gate electrode 206 of the membry cell 201 in the erasing
mode is in an ON state, while the channel region 205 under the
floating gate electrode 206 of'the memory cell 201 in the writing
mode is in an OFF state. As a consequence, when 4 V is applied
to the control gate electrode 207 , the cell current, which flows
from the drain region 204 to the source region 203, becomes larger
in the memory cell 201 in the erasing mode than the memory cell
201 in the writing mode.

By distinguishing the magnitude of the cell current between
each memory cell 201 using the sense amplifier 310, data stored
in the memory cell 201 can be read. For example, reading is
performed by setting the data value in the memory cell 201 to 1,
the erasing mode, and by setting the data value of the memory cell
201 to 0, the writing mode. In other words, each memory cell 201
is forced to store one of the two values 1, which is the data value
in the erasing mode, or 0, which is the data value in the writing

mode, and the data value stored can be read.
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(c) Erasing operation (See Fig. 22c)

The potentials of the drain regions 204 of all memory cells
201 are set to O V.

The potential of the control gate electrode 207 of the
selected memory cell 201 is set to 15 V. The potentials of the -
control gate electrodes 207 of the memory cells 201 which are not
selected are set to 0 V.

The potentials of the source regions 203 of all memory cells
201 are set to O V.

The capacity between the source region 203/silicon substrate
202 and the floating gate electrode 206 is far greater than the
capacity between the control gate electrode 207 and the floating
gate electrode 206. In other words, the floating gate electrode
206 is strongly coupled with the source region 203 and the silicon
substrate 202. Therefore, if the voltages of the control gate
electrode 207 and the drain region 204 become 15 V and 0 V
respectively, the voltage of the floating gate electrode does not
change greatly from the 0 V. 1As a result, the potential difference
between the control gate electrode 207 and the floating gate
electrode 206 becomes larger, and a high potential field is created
between the control gate electrode 207 and the floating gate
electrode 206.

As a consequence, a Fowler-Nordheim Tunnel Current
(hereafter called FN tunnel current) flows. Therefore, as shown
by an arrow B in Fig. 22¢, electrons in the floating gate electrode
206 are pulled toward the control gate electrode 207, and the data

stored in the memory cell 201 is erased.
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At this time, since the floating gate electrode 206 has

protuberances 206a, the electrons in the floating gate electrode.
206 rush out of the protuberances 206a, and move to the control
gate 207. Therefore, the movement of the electrons become easier,
and the electrons in the floating gate electrode 206 are effectively
pulled out.

The control gate electrodes 207 in memory cells 201 which
are laid out in columns form common word lines WL1-WLn. Therefore,
erasing operation is carried out on all memory cells 201 connected
to the selected word line WLn.

By simultaneously selectingaplurality of word lines WL1-WLn,
all memory cells 201 connected to the selected word lines can be
erased. As described above, an erasing operation by dividing
memory cell arrays 302 into block units composed of a plurality
of word lines WL1-WLn and then erasing data by each block is called
block erasing.

A flash EEPROM 301 using split gate type memory cells 201,
with the memory cells 201 being composed as described above,
includes selecting transistors 212. Therefore, each memory cell
201 has a function to select itself.- In other words, if the
electrical charge is pulled out excessively from the floating gate
electrode 206 when data is erased, the selecting gate 211 can set
the channel region 205 to an OFF state. Therefore, even when an
over erasing occurs, the selecting transistor 212 can control ON
and OFF states of the memory cell, and over erasing problems do
not occur. 1In other words ON or OFF state of the memory cell can

be selected by the selecting transistor 212 set within the memory
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cell 201. :

A nmethod to produce the memory cell array 302 will be explained .
sequentially hereinbelow.

Steﬁ 1 (See Fig. 23a): Using the LOCOS method, the field
insulating layer 213 (not shown) is formed on the silicon substrate
202. The gate insulating layer 208 which is composed of a silicon
oxide layer is then formed, using a thermal oxidation method, on
portions of the silicon substrate 202 where no field insulating
layer 213 is formed (element regions). Onthe gate insulating layer
208, a doped polysilicon layer 215 which will become the floating
gate electrode 206 is formed. Using an LPCVD method (Low Pressure
Chemical Vapor Deposition), a silicon nitride layer 216 is then
formed on the entire surface of the doped polysilicon layer 215.
A photoresist coats the silicon nitride layer 216, and then an
etching mask 217 to be used for the floating gate electrode 206
is formed using an ordinary photo lithography technidque.

Step 2 (See f‘ig. 23b) : The silicon nitride layer 216 is etched
by anisotropy etching using the etching mask 217. The etching mask
217 is then detached. Using the LOCOS method, by oxidizing the
doped polysilicon layer 215 using the etched silicon nitride layer
216 as an oxide mask, the insulating layer 209 is formed. At this
time, edge portions of the insulating layer 209 intrude edge
portions of the silicon nitride layer 216, and form bird’s beaks
20%a.

Step 3 (See Fig. 23c): Thesiliconnitride layer 216 is removed.
The doped polysilicon layer 215 is etched by the anisotropy etching

using the insulating layer 209 as the etching mask to form the
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floating gate electrodes 206. As bird’s beaks 20%9a are formed on -
the edge portions of the insulating layer 209, the upper edge
portions of the floating gate electrodes 206 become sﬁa‘rp, and form
protuberances 206a.

Step 4 (See Fig. 23d): The insulating layer 210 composed of
a silicon oxide layer is formed on the entire surface of the dévice
composed as described above by the thermal oxidation method, or
the LPCVD method, or a combination thereof. The stacked insulating
layer 208 is unified with the insulating layer 210, and the
insulating layer 209 is also unified with the insulating layer 210.

Step 5 (See Fig. 24e): On the entire surface of the device
formed th'rough the above~described steps, a doped polysilicon layer
218 which will become the control gate electrode 207 is formed.

Step 6 (See Fig. 24f) : After photoresist coating on the entire
surface of the device as described above, an etchingmask 219, which
will be used to form the control gate electrode 207, is formed using
the ordinary photo lithography technique.

Step 7 (See Fig. 24g): The doped polysilicon layer 218 is
etched and forms control gate electrodes 207 by the anisotropy
etching using the etching mask 219. The etching mask 219 is then
removed.

Step 8 (See Fig. 25h) : After photoresist coating on the entire
surface of the device through the above steps, a mas-k for ion
injection 220 which will be used to form the source regions 203
is formed using the ordinary photo lithography technique. Using
an ordinary ion injection method, phosphorous ions (p') are injected

on the surface of the silicon substrate 202 so that source regions
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203 are formed. The mask for ion injection 220 is then removed.

At this time, the mask for ion injection 220 should be formed -
so that it covers at least the regions on the silicon substrate
.202, which wili become the arain regions 204. The mask for the
ion injection 220 should also be formed not to protrude beyond the .
floating gate electrodes 206. As a result, positions of the source
region 203 are defined by the edge portions of the floating gate
electrodes 206.

Step 9 (See Fig. 25i) : After photoresist coating on the éntire
surface of the device as composed through the above-described steps,
a mask for ion injection 221 which will be used to form the drain
regions 204 is formed using the ordinary photo lithography technique.
Using an ordinary ion injection method, arsenic ions (As*) are
injected on the surface of the silicon substrate 202 so that drain
regions 204 are formed.

The mask for ion injection 221 should then be formed so as
to cover at least the source regions 203 and so as not to protrude
beyond the control gate electrodes 207. As a result, positions
of the drain regions 204 are defined by the edge portions of the
control gate electrodes 207 on the selecting gate 211 side.

After the mask for ion injection 221 is removed, the nenory
cell array 302 is completed.

Flash EEPROMs 301 using the split gate type memory cells 201
have the following problems.

(1) Due to misalignment of the etching mask 219 which will
be used for forming the control gate electrodes 207, a fluctuation

in writing characteristic of each memory cell 201 occurs.
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As shown in Fig. 26a, in the above-described step 6, if the
relative positions of the etching mask 219, which will be used to
form the control gate electrodes 207, to the memory cells 201la and
201b are shifted from the originally designed position, the shapes
of the control gate electrodes 207 formed in step 7 above will not
be the same for memory cells 201la and 201b.

When the drain regions are formed in the above-described step
9 by the ion injection method, the positions of the drain regions
204 are defined by the edge portions of. the control gate in the
selecting gate 211 side.

Therefore, as shownby Fig. 26a, if the positionof the etching
mask 219 is shifted from the originally designed position, length
L1 and L2 of the channel regions 205 (channel length) of the memory
cells 201a and 201b are not the same as shown by Fig. 26b. However,
even though tl'.le position of the etching mask 219 is shifted from
the originally designed position, the width of the mask does not
change. Thus, even though the shapes of the control gate electrodes
207 are not the same, the width of the control gate electrodes
remains constant. For' example, if the position of the etching mask
219 is shifted toward the memory cell 201b, the channel length L2
of the memory cell 201b is shorter then the channel length L1 of
the memory cell 201la.

If channel length L1l and L2 differ, the resistance of the
channel regions 205 will likewise differ. Therefore, cell current
values will also be different in the writing operation. In other
words, a longer channel length will result in larger resistance

of the channel region 205, and smaller cell currents in the writing
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operation. If the cell currentswhich flowin thewritingoperation -

differ, the rate of hot electron generation will also differ. As

- aresult, writing characteristics of the memory cells 20l1la and 201b

will also differ.

(2) To prevent the problems described in (1), cémpacting

memory cell 201 is hindered.

When designing the split gate type memory cell 201, alignment
accuracy of each gate electrode 206 or 207 should be considered
as well as patterning rule accuracy. Taking these factors into
consideration, gate electrodes 206 and 207, and channel regions
203 and 204 should be positioned with some free space therebetween.
However, in current production techniques of high density
semiconductors, when an approximately 0.5 Umwide line is processed,
the patterning rule accuracy can be up to 0.05 #m, while the
alignment accuracy is up to 0.1 - 0.2 um. In other words, in the
split gate type memory cell 201, the alignment accuracy of gate
electrodes 206 or 207 prevents compacting the memory cell 201.

(3) The split gate type memory cell 201 is more difficult
to compact than a stacked gate type memory cell.

In a stacked gate type memory cell, widths of both floating
gate and control gate electrodes are equivalent, and both gate
electrodes are stacked without a position shift. On the other hand,
in the split gate type memory cell 201, one portion of the control
gate electrode 207 is laid out over the channel region 205 so that
they form the selecting gate 211. Therefore, in the split gate
type memory cell 201, the occupied area of the elements is larger

by the area of the selecting gate 211 than in the stacked gate type
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memory cell. In other words, even though split gate type memory
cells do not have problems with over erase, they are more difficult .
in higher integration than stacked gate type memory cells, due to
the problems described in (2) and (3).
(4) The memory cell array 302 using the split gate type nemory

cell 201 is complex in structure and time consuming to produce.

SUMMARY OF THE INVENTION .

The present inventj.on addresses the. above-described proéblens
and has the following objects:

1] To provide a transistor with no fluctuation in writing
characteristic, with capability of compacting, with no over erase
problems, and with a simple configuration:

2] To provide a transistor array using such transistors and
its producing method;

3] To provide a nonvolatile semiconductor memory using such
tfansistors as memory cells; and

4] To provide a nonvolatile semiconductor memory using such
transistor arrays as memory cell arrays.

A transistor related to the present invention comprising
floating gate electrodes in which electric charge is injected
comprises two source-drain regions formed on a semiconductor
substrate, an inSulating layer on the semiconductor substrate, two
floating gate electrodes formed next to each other on the insulating
layer and placed between the two source-drain regions, and a common
control gate electrode placed on an upper layer of the two floating

gate electrodes, wherein a capacity between the floating gate
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electrodes and the semiconductor substrate is set larger than a
capacity between the floating gate electrodes and the control géte
electrode.

The transistor may include a semiconductor substrate
comprising a first and a second ‘source-drain regions, a channel
regionplacedbetween the first and the second source-drain regions,
a gate insulating layer on the semiconductor substrate, a first
floating gate electrode placed near the first source-drain region
and formed on the gate insulating layer, a second floating gate
electrode placed next to the first floating gate electrode and near
the second source-drain region and formed on the gate insulating
layer, an insulating layer on the first and the second floating
gate electrodes, and a control gate electrode on the insulating
layer, wherein a capacity between the floating gate electrodes and
the semiconductor substrate is set larger than a capacity between
the floating gate electrodes and the control gate electrode.

In such transistor, the configuration of the second
source-drain region may be symmétric with the first source-drain
region, while the second floating gate electrode may be of size
and shape exactly the same as the size and shape of the first floating
gate electrode.

Such a transistor may further comprise protuberances in upper
portions of the first and second floating gate electrodes.

The transistor may further comprise a selecting gate
electrode extended from the control gate electrode and placed on
the gate insulating layer between the first and second floating

gate electrodes.
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In another such transistor, when data is written in said

second floating gate electrode by injection of electric charge,
the predetermined amount of electric charge to be stored in the
first floating gaté electrode is set so that a cell current necessary
for writing data flows in the second floating gate electrode.

In anoﬁher such above transistor, when data is writtén in
said second floating gate electrode by injectionof electriccharge,
a cell current flows from the second source-drain region to the
first source-drainregion, ahigh potential field is createdbetween
the channel region and the second floating gate electrode due to
coupling via a capacity between the second source-drain region and
the second floating gate electrode, electrons in the channel region
are accelerated to become hot electrons, electric charge is stored
in the second floating gate electrode by the hot electrons injected
in the second floating gate electrode, and data corresponding to
the electric charge is written and stored thereby.

In another such transistor, when data is written in said
second floating gate electrode by injection of electric charge,
the first source-drain region is grounded via a constant current
source, a second voltage lower than a first voltage is applied to
the second source-drain region, a cell current flows from the second
source~-drain region to the first source-drain region, a potential
at the second floating gate electrode is raised by coupling via
a capacity between the second source-drain region and the second
floating gate electrode, a high potential field is created between
the channel region and the second floating gate electrode, electrons

in the channel region are accelerated to become hot electrons,
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electric charge is stored in the second floating gate electrode

by injection of the hot electrons to the second floating. gate
electrode, data corresponding to the electric charge is written
and stored thereby, a potential of the first floating gate electrode
is raised by coupling via a capacity between the first source-
drain region and the first flqating gate electrode, hot electrons
are substantiallynone injected to the first floating gate electrode
however due to a low potential of the first floating gate electrode.

In another such transistor, the electric charge stored in
the second floating gate electrode is adjusted by adjustments of
said cell current and injection duration of hot electrons to the
second floating gate electrode, and the electric charge stored-in
the second floating gate electrode is set to a small value so that
no overwriting state will océur.

In another such transistor, the electric charge stored in
the second floating gate electrode is adjusted by adjustment of
said cell current and injection duration of hot electrons to the
second floating gate electrode, and the electric charge stored in
the second floating gate electrode is set to a large value so that
the overwriting state will occur, and at least one of the first
floating gate electrode's gate length or an impurity concentration
of the substrate is set so that a certain value leak current
corresponding to the cell current will flow in the channel region
under the first floating gate electrode.

In another such transistor, the channel region superposed
by the first floating gate electrode is set to an ON state due to

coupling via the capacity between the first source-drain region
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and the first floating gate electrode regardless of a state of the

electric charge stored in the first floating gate, and the data
stored in the second floating gate electrode is read based on the
cell current flowing from the first source-drain region to the-
second source-drain region.

In another such transistor, the channel region superposed
by the first floating gate electrode maintains an ON state dué to
coupling via the capacity between the first source-drain region
and the first floating gate electrode regardless of a state of the
electric charge stored in the first floating gate, the channel
region superposed by the second floating gate electrode in an
erasing mode is set to an ON state, the channel region superposed
by the second floating gate electrode in a writing mode becomes
close to an OFF state, and data stored in the second floating gate
electrode is read by judgment of the writing state or the erasing
state of the second floating gate electrode based on the value of
the cell current flowing between the first source-drain fegion.and
the second source-drain region.

In another such transistor, a third voltage is applied to
the first source-drain region, a fourth voltage lower than the third
voltage 1s applied to the second source-drain region, a fifth
voltage is applied to the control gate electrode, a potential of
the first floating gate electrode is raised by coupling via the
capacity between the first source-drain region and the first
floating gate electrode, the channel region superposed by the first
floating gate electrode is set to an ON state regardless of a state

of electric charge stored in the first floating gate electrode,
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the channel region superposed by the second floating gate electrode
in an erasing mode in which no elgctric charge is stored is set
to an ON state, the channel region superposed by the second floating
gate electrode in a writing mode in which electric charge is stored
is set close to an OFF state, and data stored in the second floating
gate electrode is read by judgment of the writing state or the
erasing state of the second floating gate electrode based on the
value of the cell current flowing between the first source-drain
region and the second source-drain region.

In another such transistor, a sixth voltage is applied to
the first and the second source-drain regions, a seventh voltage
higher than the sixth voltage is applied to the control gate
electrode, potentials of the first and the second floating gate
electrodes are substantially maintained at the sixth voltage
because of the first and the second floating gate electrodes being
strongly coupledwith the first and the second source~drain regions,
a potential difference between the control gate electrode and the
first and second floating gate electrodes is made large, a high
potential electric field is created between the control gate and
the first and the second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored in the first and second
floating gate electrodes is erased.

In another such transistor, a sixth voltage is applied to
the first and second source-drain regions, a seventh voltage higher

than the sixth voltage is applied to the control gate electrode,
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potentials of the first and the second floating gate electrodes

are substantially maintained at the sixth voltage because of the
first and the second floating gate electrodes being strongly coupled
with the first and the second source-drain regions, a potential
difference between the control gate electrode and the firét and
the second floating gate electrodes is made large, a high potential
electric field is created between the control gate and the first
and the second floating gate electrodes, letting a Fowler-Nordheim
tunnel current flow therebetween, electrons in the first and the
second floating gate electrodes are thus jumped to the control gate
electrode from upper protuberances thereof, and data stored in the
first and the second floating gate electrodes is erased.

A transistor array comprising a plurality of transistors
related to the present invention laid out in a matrix comprises
transistors laidout in amatrix, word lines by which the transistors
are laid out in the matrix and control gate electrodes of the
transistors laid out toward columns of the matfix are commonly
connected, and bit lines commonly connecting source-drain regions
of the transistors laid out toward rows of thematrix, the transistor
comprising two source-drain regions formed on a semiconductor
substrate, an insulating layer on the semiconductor substrate, two
floating gate electrodes formed next to each other on the insulating
layer and placed between the two source~drain regions, and a common
control gate electrode placed on an upper layer of the two floating
gate electrodes.

Each transistor laid out toward columns may have a pair of

.bit lines independent from the bit lines of the neighboring
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fransistor.

The transistor array may be divided into a plurality of
columns of cell blocks and a source-drain region commonly shared
by a pair of transistors laid out toward columns in each cell block
" may be connected by a bit line.

The abqve transistor array may comprise-loqal short bit lines
by which the transistor array is divided into a plurality of rows
of cell blocks and the source-drain regions of the transistors laid
out toward rows of each cell block are commonly connected, and global
bit lines corresponding to each local short bit line, with each
local short bit line being connected with each global bit line in
each cell block via a switching element.

In such a transistor array, the floating gate electrodes of
each transistor connected.to the common word line may be laid out
in series to form an AND-NOR type configuration wherein the circuit
thereof is laid out in parallel to the commonly connecting bit line.

A method for manufacturing the transistor related to the
present invention comprising floating gate electrodes in which
electric charge is injected comprises the steps of forming a gate
insulating layer on a semiconductor substrate, forming a first
conductive layer on the gate insulating layer, patterning a first
and a second floating gate electrodes parallel to each other over
the semiconductor substrate by etching the first conductive layer,
forming a first and a second source-drain region over the
semiconductor substrate by injecting impurity ions after masking
the area from the first floating gate electrode to the second

floating gate electrode, forming an insulating layer on the floating
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gate electrodes, forming a second conductive layer on the insulating

layer, and patterning the control gate electrode using the second
conductive layer, and the first and the second floating gate
electrodes using the first conductive layer, after etching the
second.conductive layer, the insulating layer, and the first
conductive layer, in that order.

A memory array wherein a plurality of other me;nory cells
related to the present invention are laid out in a matrix comprises
nmemory cells, word lines by which the memory cells are laid out
in the matrix and control gate electrodes of the memory cells laid
out toward columns of the matrix are commonly connected, and a bit
line commonly connecting source-drain regions of the memory cells
laid out toward rows of the matrix, the memory cell comprising two
source-drain regions formed on a semiconductor substrate, an
insulating layer on the semiconductor substrate, two floating gate
electrodes formed next to each other on the insulating layer and
placed between the two source-drain regions, and a common control
gate electrode placed on an upper layer of the two floating gate
electrodes.

A method for manufacturing a nonvolatile semiconductor
memory cell related to the present invention comprising other
floating gate electrodes in which electric charge is injected
comprises the steps of forming a gate insulating layer on a
semiconductor substrate, forming a first conductive layer on the
gate insulating layer, patterning a first and a second floating
gate electrode parallel to each other over the semiconductor

substrate by etching the first conductive layer, forming a first
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and a second source-drain region over the semiconductor substrate

by injecting impurity ions after ﬁasking the area from the first
floating gate electrode to the second floating gate electrode,
forﬁinganinsulatinglayeronthefloatinggatéelectrodes;forming
a second conductive layer on the insulating layer, and patterning
the control gate electrode using the second conductive layer, and
the first and second floating gate electrodes using the first
conductive layer, after etching the second conductive layer, the
insulating layer, and the first condﬁctive layer in this order.

In another transistor related to the present invention, when
data is written in a second floating gate electrode by injection
of an electric charge therein, a predetermined electric charge
amount to be stored in a first floating gate electrode is set so
that a cell current necessary forwritingdata in the second floating
gate electrode flows.

In still another transistor related to the present invention,
when data iswritten in a second floating gate electrode by injection
of an electric charge therein, a predetermined electric charge
amount to be stored in a first floating gate electrode is set so
that a cell current necessary for writing data in the second floating
gate electrode flows.

The above transistor in the transistor array may further
comprise the second source-drain region whose configuration is
symmetric to the first source-drain region, and the second floating
gate electrode whose shape and size are exactly the same as the
shape and size of the first floating gate electrode.

Such a transistor in the transistor arraymay further comprise
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protuberances in upper portions of the first and second floating

gate electrodes.

The transistor in the transistor array may further comprise
a selecting gate electrode extended from the control gate electrode
and placed on the gate insulating layer between the first and the
second floating gate electrodes.

In such a transistor in the transistor array, when data is
writtén in said second floating gate electrode by injection of
electric charge, a predetermined electric charge amount to be stored
in the first floating gate electrode may be set so that a cell current
necessary for writing data flows in the second floating gate
electrode.

In another such transistor in the transistor array, when data
is written in said second floating gate electrode by injection of
electric charge, a cell current flows from the second source-drain
region to the first source-drain region, a high potential field
is created between the channel region and the second floating gate
electrode due to coupling via a capacity between the second
source—drain region and the second floating gate electrode,
electrons in the channel region are accelerated to become hot
electrons, electric charge is stored in the second floating gate
electrode by the hot electrons injected in the second floating gate
electrode, and data corresponding to the electric charge is written
and stored thereby.

In another such transistor in the transistor array, when data

is written in said second floating gate electrode by injection of

.electric charge, the first source-drain region is grounded via a
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constant current source, a second voltage lower than a first voltage

is applied to the second source-drain region, a cell current flows

from the second so_urce—dra.in region to the first source-drain region,
a potential at the second floating gate electrode is raised by
coupling via a capacity between the second source-drain region and
the second floating gate electrode, a high potential fiel.d is

created between the channel region and the second floating gate
electrode, electrons in the channel region are accelerated to becone
hot electrons, electric charge is stored in the second floating
gate electrode by injection of the hot electrons to the second
floating gate electrode, data corresponding to the electric charge
is written and stored ther-éby, a potential of the first floating
gate electrode is raised by coupling via a capacity between the
first source-drain region and the first floating gate electrode,

hot electrons are substantially none injected to the first floating
gate electrode however due to a low potential of the first floating
gate electrode.

In another such transistor in the transistor array, the
electric charge storéd in the second floating gate eléctrode is
adjusted by adjustments of said cell current and injection duration
of hot electrons to the se_cond floating gatée electrode, and the
electric charge stored in the second floating gate electrode is
set to a small value so that no overwriting state will occur.

In another such transistor in the transistor array, the
channel region superposed by the first floating gate electrode
enters an ON state due to coupling via the capacity between the

first source-drain region and the first floating gate electrode
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regardless of a state of the electric charge stored in the first

floating gate, and the data stored in the second floating gate
electrode is read based on the cell current flowing from the first
source-drain region to the second source-drain region.

In another such transistor in the transistor array, the
channel region superposed by the first floating gate elect.rode
maintains an ON state due to coupling via the capacity between the
first source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, the chanhel region superposed by the second floating
gate electrode in an erasing mode is set to an ON state, the channel
region superposed by the second floating gate electrode in awriting
mode becomes close to an OFF state, and data stored in the second’
floating gate electrode is read by judgment of the writing state
or the erasing state of the second floating gate electrode based
on the value of the cell current flowing between the first
source-drain region and the second source-drain region.

In another such transistor in the transistor array, a third
voltage is applied to the first source-drain region, a fourth
voltage lower than the third voltage is applied to the second
source—drain. region, a £fifth voltage is applied to the control gate
electrode, a potential of the first floating gate electrode is
raised by coupling via the capacity between the first source-drain
region and the first floating gate electrode, the channel region
superposed by the first floating gate electrode is set to an ON
state regardless of a state of electric charge stored in the first

floating gate electrode, the channel region superposed by the second
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floating gate electrode in an erasing mode .in which no electric

charge is stored is set to an ON state, the channel region superposed
by the second floating gate electrode 'in a writing mode in which
electric charge is stored is set close to an OFF state, and data
stored in the second floating gate electrode is read by judgment
of the writing stéte or the erasing state of the second floatin§
gate electrode based on the value of the cell current flowingbetween
the first source-drain region and the second source-drain region.

In another such transistor in the transistor array, a sixth
voltage is applied to the first and second source-drain regions,
a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of the first and second floating
gate electrodes are substantially maintained at tﬁe sixth voltage
because of the first and second floating gate electrodes being
stfongly coupled with the first and second source-drain regions,
a potential difference between the control gate electrode and the
first and second floating gate electrodes is made large, a high
potential electric field is created between the control gate and
the first and second floating gate electrodes, 1letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
~first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored in the first and the
second floating gate electrodes is erased.

In another such transistor in the transistor array, a sixth
voltage is applied to the first and second source-drain regions,
a seventh voltage higher than the sixth voltage is applied to the

control gate electrode, potentials of the first and second floating
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gate eleétrodes are substantially maintained at the sixth voltage
becauée of the first and second floating .gate electrodes being
strongly coupled with the first and seconhd source-drain regions,
a potential Aifference between the coritrol gate electrode and the
first and second floating gate electrodes is made large, a high
potential electric field is created between the control gate and
the first and second floating gate electrodes, -letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and second floating gate electrodes are thus jumped to the
control gate electrode from thereof, and data stored in the first
and second floating gate electrodes is erased.

A semiconductor memory related to the present invention
wherein data iswritten by injecting electric chérge into floating
gate electrodes thereof comprises two source-drain regions formed
on a semiconductor substrate, an insulating layer on the
semiconductor substrate, two floating gate electrodes placed next -
to each other on the insulating layer and positioned between the
two source~drain regions, and a common control gate electrode placed
on an upper layer of the two floating gate electrodes, wherein data
is erased by pulling the electric charge injected in the floating
gate electrodes toward the control gate electrode.

The above semiconductor memory may further comprise a second
source-drain region whose configuration is symmetric to the first
source—drain region, and a second floating gate electrode whose
shape and size are exactly the same as the shape and size of the
first floating gate electrode.

The above semiconductor memory may further comprise
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protuberances in upper portions of the first and second floating

gate electrodes.

The above semiconductor memory may further comprise a
selecting gate electrode extended from the control gate electrode
and placed on the gate insulating layer between the first and second
floating gate electrodes.

In one such semiconductor memory, when data is written in
said second floating gate electrode by injection of electric charge
therein, a predetermined electric charge amount to be stored in
the first floating gate electrode is set so that a cell current
necessary for writing data flows in the second floating gate
electrode.

In another such semiconductor memory, when data is written
in said second floating gate electrode by injection of electric
charge therein, a cell current flows from the second source-drain
region to the first source-drain region, a high potential field
is created between the channel region and the second floating gate
electrode due to coupling via a capacity between the second
source~-drain region and the second floating gate electrode,
electrons in the channel region are accelerated to become hot
electrons, electric charge is stored in the second floating gate
electrode by the hot electrons injected in the second floating gate
electrode, and data corresponding to the electric charge is written
and stored thereby.

In another such semiconductor memory, when data is written
in said second floating gate electrode by injection of electric

charge therein, the first source-drain region is grounded via a
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constant current source, a second voltage lower than a first voltage
is applied to the second source-drain region, a cell current flows
frpm the second source-drain region to the first source-drain region,
a potential at the second floating gate electrode is raised by
coupling via a capacity between the second source-drain region and
the second floating gate electrode, a high potential field is
createa between the channel region and the second floating gate
electrode, electrons in the channel region are accelerated to become
hot electrons, electric charge is stored in the second fléating
gate electrode by injection of the hot electrons to the second
floating gate electrode, data corresponding to the electric charge
is written and stored thereby, a potential of the first floating
gate electrode is raised by coupling via é capacity between the
first source-drain region and the fixst floating gate electrode,

and no substantial hot electrons are made injected to the first
floating gate electrode however due to a low potential of the first

floating gate electrode.

In another such semiconductor memory, the electric charge
stored in the second floating gate electrode is adjusted by
adjustments of said cell current and injection duration of hot
electrons to the second floating gate electirode, and the eflectric
charge stored in the second floating gate electrode is set to a
small value so that no overwriting state will exist.

In another such semiconductor memory, the channel region
superposed by the first floating gate electrode enters an ON state
due to coupling via the capacity between the first source-drain

region and the first floating gate electrode regardless of a state
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of the electric charge stored in the first floating gate, and the
data stored in the second floating gate electrode is made to be
read based on the cell current flowing from the first source-drain
region to the second source-drain region.

In another such semiconductor memory, the channel region
superposed by the first floating gate electrode maintains an ON
state due to coupling via the capacity between the first
source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, the channel region superposed by the second floating
gate electrode in an erasing mode is set to an ON state, the channel
region superposed by the second floating gate electrode in awriting
mode becomes close to an OFF state, and data stored in the second
floating gate electrode is made to be read by judgment of the writing
state or the erasing state of the second floating gate electrode
based on the value of the cell current flowing between the first
source-drain region and the second source-drain region.

In another such semiconductor memory, a third voltage is
applied to the first source-drain region, a fourth voltage lower
than the third voltage is applied to the second source-drain region,
a fifthvoltage is applied to the control gate electrode, a potential
of the first floating gaté electrode is raised by coupling via the
capacity between the first source-drain region and the first
floating gate electrode, the channel region superposed by the first
floating gate electrode is set to an ON state regardless of a state
of electric charge stored in the first floating gate electrode,

the channel region superposed by the second floating gate electrode
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in an erasing mode in which no electric charge is stored is set
to an ON state, the channel region superposed by the second floating
gate eiectrode in a writing mode in which electric charge is stored
is set close to an OFF state, and data stored in the second floating
gate electrode is made to be read by judgment of the writing stéte
or the erasing state of the second floating gate electrode based
on the value of the cell current flowing between the first
source-drain region and the second source~drain region.

In another sudh semiconductor memory, a sixth voltaée is
applied to the first énd second source-drain regions, a seventh
voltage higher than the sixth voltage is applied to the control
gate electrode, potentials of the first and second floating gate
electrodes are substantially maintained at the sixth voltage
because of the first and the second floating gate electrodes being
strongly coupledwith the first and the second source-drain regions,
a potential difference between the control gate electrode and the
first and the second floating gate electrodes is made large, a high
potential glectric field is created between the control gate and
the first and second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored in the first and second
floating gate electrodes is made to be erased.

In another such semiconductor memory, a sixth voltage is
applied to the first and the second source-drain regions, a seventh
voltage higher than the sixth voltage is applied to the control

gate electrode, potentials of the first and the second floating
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- gate electrodes are substantially maintained at the sixth voltage

because of the first and the second floating gate electrodes being
strongly coupledwith the first and the second source-drain régions,
a potential difference between the control gate electrode and the
first and the second floating gate electrodes is made large, a high
potential electric field is created between the control gate and
the first and second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and the second floating gate electrodes are thus jumﬁed to
the control gate electrode from thereof, and data stored in the

first and the second floating gate electrodes is made to be erased.

BRIEF DESCRIPTION OF‘THE DRAWiNGS

Fig. la is a cross section view of the present invention cut
by the line Y-Y in Fig. 1b, and Fig. 1b is a top view thereof.

Fig. 2 is a diagram showing an outline of a memory array
comprising the transistors in accordance with the present
invention.

Fig. 3 is a cross section view of the present invention in
‘a writing mode.

Fig. 4 is a diagram showing an outline of a memory array in
the writing mode comprising the transistors in accordance with the
present invention.

Fig. 5 shows a cross section of the present invention in a
reading mode.

Fig. 6 is a diagram showing an outline of a memory array in

the reading mode comprising the transistors in accordance with the
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present invention.

Fig. 7 shows a cross section of the present invention in an
erasing mode.

Fig. 8 is a diagram showing an outline of a memory array in
the erasing mode comprising the transistors in accordance with the
present invention.

Figs. 9a and 9b show cross sections of the memory array related
to a first embodiment cut by the line Y-Y in Figs. 9a-1 and 9b-1.
Figs. 9a-1 and 9b-1 are top views thereof.

Figs. 10c and 10d show the cross sections of the present
invention cut by the line Y-Y in Figs. 10c-1 and 10d-1. Figs. 10c-1
and 10d-1 are top views thereof.

Figs. 1le and 11f show the cross sections of the present
invention cut by the line Y~Y in Figs. 1le~1 and 11f-1. Figs. 1le-1
and 11£f-1 are top views thereof.

Figs. 129 and 12h show the cross sections of the present
invention cut by the line Y-Y in Figs. 12g-1 and 12h-1. Figs. 12g-1
and 12h-1 are top views thereof.

Fig. 13 is a diagram showing an outline of a transistor array.

Fig. 14 is a diagram showing an outline of a transistor array.

Fig. 15 is a diagram showing an outline of a transistor array.

Fig. 16 is a diagram showing an outline of a transistor array.

Fig. 17 is a diagram showing an outline of a transistor array.

Fig. 18 shows a cross section of a memory cell.

Fig. 19 shows a cross section showing an outline of a
transistor in a conventional configuration.

Fig. 20a shows a cross section of a conventional transistor
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cut by the line X-X in Fig. 20b. Fig. 20b is a top view of the

transistor in the conventional configuration.

Fig. 21 is a diagram showing an outline of a transistor ai:ray

" in a conventional configuration.

Fig. 22a illustrates a cross section of the transistor in
a writing mode in the conventional configuration.

Fig. 22b illustrates a cross section of the transistor in
a reading mode in the conventional configuration.

Fig. 22c¢c illustrates a cross section of the transistor in
an erasing mode in the conventional configuration.

Figs. 23a, 23b, 23c, 23d, 24e, 24f, 24g, 25h, 25i, 26a, and
26b are cross sections showing manufacturing processes of a

transistor in the conventional configuration.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First embodiment)

Hereafter, a first embodiment implementing the present
inventionwill be described referring to the accompanying drawings.

Fig. la is a partial cross section of a memory cell array
102 in a flash EEPROM 101 using a memory cell 1 of the present
invention.

The memory cell 1 (transistors) comprises two source-drain
regioné 3, a channel region 4, two floating gate electrodes 5 and
6, and a control gate electrode 7.

The N type source-drain region 3 is formed on a P type
monocrystalline silicon substrate 2. On the channel region 4

between the two source-drain regions laid ocut symmetrically, two
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floating gate electrodes S and 6 with the same size and shape are
laid out next to each other on a gate insulating layer 8. On the
floating gate electrodes S and 6, the control gate electrode 7 lies
on an insulating layer 9 and insulating layer 10, both of the layers
having been formed by the LOCOS method. By the insulating layer
9, an upper portion of each floating gate electrode 5 or 6 have
protuberances 5a and 6a.

One portion of the control gate electrode 7 is laid over the
channel region 4 on the insulating layers 8 and 10; and fo.rn_ts a
selecting gate 1l1. A selecting transistor 12 comprises the
selecting gate 11 and the source-drain regions 3 between which the
selecting gate 11 1ies. In other words, the memory cell 1 comprises
two transistors and the selec‘ting transistor' 12 formed between the
two transistors, both klinds of transistors laid out in series, the
transistors comprising the floating gate electrodes 5 and 6, the
control gate electrode 7, and each source-drain region 3.

A memory cell array (a transistor array) 102 comprises a
plurality of memory cells 1 formed on the substrate 2. To reduce
the occupied area on the substrate 2, memory cells 1 neighboring
each other share the source-drain region 3.

Fig. 1b is a partial plain view of the memory cell array 102.
Figure la is a cross section of Fig. 1b cut by the line Y-Y.

A field insulating layer 13 is formed on the substrate 2 which
separates elements of each memory cell 1.

The source-drain regions 3 of memory cells 1 laid out
vertically in Fig. 1b are shared and form common bit lines. The

control gate electrodes 7 of memory cells 1 laid out horizontally
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in Fig. 1b are shared and form common word lines.

Fig., 2 shows the entire configuration of the flash EEPROM
101 using the memory cells 1.

The memory cell array 102 is composed of a plurality of memory
cells 1 laid out in a matrix. The control gate electrodes 7 of
the memory cells 1 laid out in columns form the common word lines
WL1-WLn. The source-drain regions 3 of the memory cells 1 laid
out in rows form the common bit lines BL1-BLn.

In other words, the memory cell array 102 has an AND-NOR type
configurationwith the floating gate electrodes 5 and 6 of the memory
cell 1 laid out in series and connected to the common word lines
WL1-WLn, the circuit of said floating gate electrodes being
connected to the common bit lines BL1-Bln.

Each word line WL1-WLn is connected to a row decoder 103,
and each bit line BL1-BLn is connected to a column decoder 104.

Row and column addresses specified by an external source are
input to an address pin 105. The row and column addresses are
transferred from the.address pin 105 to an address latch 107 via
an address buffer 106. Among the addresses latched by the address
latch 107, the row address is transferred to the row decoder, while
the column address is transferred to the column decoder. The
address latch 107 may be omitted.

The row decoder 103 selects one word line WL1-WLn (for example,
WLm (not shown)] corresponding to the row address latched by the
address latch 107, and controls a potential of eachword line WL1-WLn
corresponding to a later-described operationmode. 1Inother words,

the potential of the control gate electrode 7 in each memory cell
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1 is controlled by controlling the potentials of the word lines
WL1-WLn.

To select one bit line BL1-BLn (for example, BLm (not shown)]
correspondin_g to the column address latched by the address latch
107, the column decoder 104 controls a potential or an open state
of each bit line BL1-BLn corresponding to a later-described
operation mode. In other words, by controlling the potentials or
the open states of the bit lines BL1-BLn, the potential or the open
state of the source-drain region 3 in each memory cell' 1 is
controlled.

Data specified by an external source is input to data pin
108. The data is transferred from the data pin 108 to the column
decoder 104 via an inp;.lt buffer 109. The column decoder 104
controls the potential or the open state of each bit line BL1-
BLn corresponding to the data, as will be described later.

Data read from any memory cell 1 is transferred from the bit
line BL1-BLn to a sense amplifier 110 via the column decodexr 104.
The sense amplifier 110 is a current sense amplifier. The column
decoder 104 connects the bit line BL1-BLn selected thereby with
the sense amplifie:.; 110. The data distinguished by the sense
amplifier 110 is applied from an output buffer 111 to the outside
via the data pin 108.

The operations of the circuits (103-111) as described in the
above are controlled by a control core circuit 112.

Each operation mode (writing, reading, and erasing) of the
flash EEPROM 101 will be described referring to Figs. 3-8. Figs.

3, 5, and 7 show main parts of Fig. la, while Figs. 4, 6, and 8
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show main parts of Fig. 2.

{(a) Writing operafion (See Figs. 3 and 4)

A case where the memory cell 1 connected to the intersections
of word line WLm and bit lines BLm and BLm+l (hereafter called
"im(m) ") is selected and, among the floating gate electrodes of
the memory cell Im(m) S and 6, data is written on the floating gate
electrode 6, as will be explained below.

The bit line BLm corresponding to the source-drain region
3 closer to the floating gate electrode 5 [hereafter called.3(a)]
than the other source-drain region 3 in the memory cell 1lm(m) is
grounded via a constant current source 110a set within the sense
amplifier 110. The voltage of said bit line is set to 1.2 V.

The potential of the bit line BLm+l corresponding to the
source—drain region 3 closer to the floating gate electrode 6
[hereafter called 3(b)] than the other source-drain region 3 in
the memory cell Im(m) is set to 10 V.

The potentials of the bit lines (BLl...BLm—l, BLm+2...BLn)
corresponding to the source-drain regions 3 of the memory cells
1 except for the selected memory cell 1lm(m) are set to 3 V.

The potential of the word line WLm corresponding to the
control gate electrode 7 of the memory cell 1m(m} is set to 2 V.
The potentials of thé word lines corresponding to the control gates
7 of the memory cells 1 except for the selected memory cell 1m(m)
are set to 0 V. |

In the memory cell im(m), a threshold voltage Vth of the
selecting transistor 12 is approximately 0.5 V. Therefore, in the

memory cell lm(m), electrons in the source-drain region 3a move
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to the channel region 4 thereof in the inversion state. BAs a result,
a cell current Iw flows from the source-drain region 3b to the
source-drain region 3a. Since the potential of the source-drain
region 3b is 10 v, the potential of the floatimj gate electrode
6 is raised closer to 10 Vdue to a coupling via the capacity between
the source-drain region 3b and the floating gate electrode 6.
Therefore, a high potential field is created between the channel
'fegion 4 and the floating gate electrode 6. As a result, electrons
in the channel region 4 are accelerated -to become hot elecﬁrons,
and are injected in the floating gate electrode 6 as shown by the
arrow C in Fig. 3. As a consequence, electric charge is stored
in the floating gate electrode 6 in the memory cell 1lm(m), and 1
bit data is wfitten and stored therein.

Due to the coupling via the capacity between the source-
drain region 3 and the floating gate electrode 5, the potential
of the floating gate electrode is raised and becomes closer to 1.2
V. However, ho_t electrons will never be injected by the potential
so low as this. In other words, in the memory cell 1lm{(m), hot
electrons are injected only in the floating gate electrode 6.

The cell current Iw also flows between the source-drain
regions 3 of the memory cell 1 connected to the intersections of
the word line WLm and the bit lines BLm-1 and BLm [hereaffer called
Im(m-1)]. However, in the memory cell Im(m~1), since the potential
of the source-drain region 3 corresponding to the bit line BLm-1
is 3V, the potentials of the floating gate electrodes 5 and 6 will
never be raised. Therefore, hot electrons will never be injected

in the floating gate electrodes 5 and 6 of the memory cell 1lm(m-1),
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and no data will be written on the memory cell im(m-1).

In the memory cell 1 connected to the intersections of the
word line WLm and the bit lines BLm+l and BLm+2 [hereafter called
Im(m+l)], the potential of the source-drain region 3 corresponds
to the bit line BIm+2 is 3 V, which is higher than the potential
(2 V) of the control gate electrode 7 (word line WLm). Therefore,
no cell current flows between the source-drain regions 3 thereof.
As a result, no hot electrons will be injected in the floating gate
electrodes S and 6 of the memory cell Ilm(m+l), and no data will
be written thereon.

For the same reason as described for the case of the memory
cell Im{m+1l), no data will be written on the memory cells connected
to the word line WLm except for the memory cells 1m(m), lm(m-1),
and Im{m+1}.

Therefore, the writing operation as described above is
carried out only on the floating gate electrode 6 of the selected
memory cell 1lm(m).

By optimizing the value of the cell current Iw which flows
between the source-drain regions 3a and 3b and a duration of the
writing operation (the injection duration of the hot electrons in
the floating gate electrode 6), the electric charge stored in the
floating gate electrode 6 of the meﬁory cell Im(m) is optimized.

Concretely, the electric charge stored in the floating gate
electrode 6 of the memory cell lm(m) is set less than the electric
charge to be stored in the floating gate electrode 206 of the
conventional memory cell 201 so that no overwriting state will be

created. In the writing operation, the potential of the source
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region 203 of the conventional memory cell 102 is set to.12 V, while
the potential of the sourc.:e—drain.region 3b (the bit line BLmt1)
in the memory cell 1m(m) of the present embodiment is set to 10
V to prevent the overwriting state from occurring.

Data may -already have been written on the floating -gate
electrode S5 of the memory ¢ell Im(m) when data is written on the
floating gate electrode 6. 1In such a case, if a large amount of
electric charge has already been stored in the floating gate
electrode 5 to create the overwriting state, the channel région
under the floating gate electrode 5 completely becomes OFF so that
no cell current Iw flows between the source-drain regions 3a and
3b. Therefore, when data is written on the floating gate electrode
5, in th;a same manner as the case of the floating gate electrode
6, the electric charge to be stored in the floating gate electrode
5 is set small so that no ovefwriting state is created. In this
manner, even when data is written on the floating gate electrode
5, the channel region under the floating gate electrode 5will never
become completely OFF, and the cell current Iw flows between the
source—-drain regions 3a and 3b.

In other words, the electric charge to be stored in the
floating gate electrode 6 is set beforehand so that the cell current
Iw necessary for data to be written on the floating gate electrode
5 flows. That is, the electric charge to be stored in the floating
gate electrode 6 .is set small beforehand so that the cell current
Iw necessary for data to be written on the floating gate electrode
5 flows.

When data is written on the floating gate electrode 5 of the
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memory cell 1m(m), the bit line BLm+l corresponding to the

source-drain region 3b is grounded via the constant current source
110a and the potential of the bit line BLm corresponding to the
source-drain region 3a is set to 10 V. Other potential conditions
are the same as in the case v}here da;ta is written on the floating
gate electrode 6 of the -memory cell lm(m).

Therefore, this writing operation can be performed on each
floating gate electrode 5 or 6 of the selected memory cell 1.
(b} Reading operation (See Figs. 5 aﬁd .6)

A case where the memory cell lm(m) is selected and, among
the floating gate electrodes S and 6 thereof, and data is read from
the floating gate electrode 6 will be explained below.

The potential of the bit line BLm corresponding to the
source-drain region 3a of the memory cell 1lm(m) is set to 3 V.

The potential of the bit line BLm+l corresponding to the
source-drain region 3b of the memory cell lm(m) is set to 0 V.

The other bit lines (BL1l...BLm-1, BLm+2...BLn) corresponding .
to the source-drain regions 3 of memory cells 1 except for the
selected memory cell Im(m) are set to an open state.

The potential of the word line WLm corresponding to the
control gate electrode 7 of the memory cell lm(m) is set to 4 V.
The potentials of the other word lines WL1l...WLm+l, WLm+2...WLn)
corresponding to the control gate electrodes 7 of memory cells 1
except for the selected memory cell lm(m) are set to 0 V.

In the memory cell Im(m), if the potential of the source-drain
region 3a is set to 3V, the potential of the floating gate electrode

5 is raised and becomes closer to 3 Vdue to coupling via the capacity
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between the source-drain region 3a and the floating gate electrode
S. As a result, the channel region under the floating gate
electrode 5 becomes an ON state regardless of the.electric charge
stored in the floating gate electrode 5.

As will be aescribed later, no electric charge is stored in
the floating gate electrode 6 in an erasing mode. On the other
hand, electric charge is stored in the floating gate electrode 6
in the writing mode. Therefore, the channel region 4 under the
floating gate electrode 6 in the erasing mode is in an ON state,
while the channel region 4 under the floating gate electrode 6 in
the writing mode is close to an OFF state.

Therefore, when a 4 V voltage is applied to the control gate
electrode 7, a cell current Ir which flows from the source-drain
region 3a to the source-drain region 3b becomes larger in the case
of the floating gate electrode 6 in the erasing mode than in the
writing mode.

By detecting the value of the cell current Ir using the sense
amplifier 110, the data stored in the floating gate electrode 6
of the memory cell Im(m} can be read. For example, reading is
performed by letting the data value "1" if the floating gate
electrode 6 is in the erasing mode, while "0" if the floating gate
electrode 6 is in the writing mode. 1In this case, the cell current
Ir may be detected by connecting the sense amplifier 110 to the
source-drain region 3b.

If data is read from the floating gate electrode 5 of the
memory cell lm(m), the potential of the bit line BLm+1 corresponding

to the source-drain region 3b is set to 3 V, while the potential
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of the bit line BLm corresponding to the source-drain region 3a
is set to 0 V. The potentials or the open state of the others are
the same .as the. case where data is read from the floating gate
electrode 6 of the memory cell 1lm(m). |

In other words, two data values (=1 bit), i.e., "1™ for the
erasing mode and "0" for the writing mode, can be stored in either
of the floating gate electrodes 5 or 6 of the selected memory cell
Im(n), and the data can be read therefrom.

(c) Erasing operation (See Figs. 7 and.8)

A case where the data stored in the floating gate electrodes
5 and 6 of all memory cell 1 connected to the word line WLm is erased
will be explained hereinbelow.

The potentials of all bit lines BL1-BLn are set to 0 V.

The potential of the word line WLm is set to 15 V. The
potentials of the other word lines (WL1...WLmn+1l, WLm+2..WLn) except
for the word line WLm are set to 0 V.

The capacities between each of the source-drain regions 3a,
3b the substrate 2, and each of the floating gate electrodes 5 and
6 ismuch larger than the capacitybetween the control gate electrode
7 and the floating gate electrodes 5 and 6. In other words, the
floating gate electrodes 5 and 6 are strongly coupled with the
source—-drain regions 3a and 3b andwith the substrate 2. Therefore,
if the potentials of control gate electrode 7 and the source-drain
region_3a or 3b become 15 V and 0 V respectively, the potential
of the floating gate electrodes 5 and 6 does not change greatly
from O V. Therefore, potential difference between the control gate

electrode 7 and the floating gate electrodes S and 6 becomes large
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and creates a high potential field.

A FN tunnel-current flows as a result and, as shown by an
arrow D in Fig. 7, electrons in the floating gate electrodes S or
6 are pulled toward the control gate electrode 7 and the data stored
in each memory cell 1 is erased.

Since the floating gate electrodes 5 and 6 have protuberances
5a and 6a, the electrons stored in the floating gate electrodes
5 and 6 jump out. from the protuberances 5a and 6a and move toward
the control gate electrode 7 when the data is erased. Therefore,
electron movement becomes free and the electrons stored in the
floating gate electrodes 5 and 6 are efficiently pulled out.

By simultaneously selectingapluralityof word lines WL1-WLn,
" erasing operation can be performed on all memory cells 1 connected
to the selected word line. The erasing operation, as described
above, by dividing memory cell array 102 into a plurality of blocks
defined by a plurality of word lines WL1-WLn and erasing data by
the blocks, is called block erasing.

Amethod for producing memory cell array 102 will sequentially
be explained below referring to Figs. 9-12. In Figs. 9-12, a ~
h are respectively the cross sections of a-1 ~ h-1 cut by the line
Y-Y.

Step 1 [See Fig. 9a and Fig. 9a-1]: Using the LOCUS method,
a field insulating layer 13 is formed on the substrate 2. A gate
insulating layer 8 of silicon oxide is formed by the thermal
oxidation method on the portions of the substrate 2 where no field
insulating layer is formed (element regions) fhereon. On the gate

insulating layer 8, a doped polysilicon layer 21 which will become
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the floating gate electrode 5 and 6 is formed. Using the LPCVD

method, asiliconnitride layer 22 is formed on the doped polysilicon
layer 21, After photoresist coating on the entire surface of the
silicon nitride layer 22, using an ordinary photo lithography
technique, an etching mask 23 is formed thereon to form both side
walls of the floating gate electrodes S and 6 which are parallel
to the source-drain region 3.

Step 2 [See Fig. 9b and Fig. 9b-1]: Silicon nitride layer
23 is etched by anisotropy etching using the etching mask 23. The
etching mask 23 is then removed. Using the LOCOS method, an
insulating layer 9 is formed by oxidation of the doped polysilicon
layer 21 with the etched silicon nitride layer serving as a mask
for oxidation. At this time, bird’s beaks 9a are formed by
intrusion of the edges of the insulating layer 9 into the edges
of the silicon nitride layer 22.

Step 3 [See Fig. 10c and Fig. 10c-1]: The silicon nitride
layer 22 is removed. A layer 24 which will become the floating gate
electrodes 5 and 6 is formed by etching of the doped polysilicon
layer 21 using the anisotropy etching with the insulating layer
9 serving as an etchingmask. The layer 24 has a shape of consecutive
floating gate electrodes 5 laid out in parallel with the
source-drain regions 3, and a shape of consecutive floating gate
electrodes 6 laid out in parallel with the source-drain regions
3. Both side walls of the layer 24 will therefore become the side
walls of the floating gate electrodes 5and 6. Since the insulating
layer 9 has bird’s beaks 9a at its edges, the upper edges of the

layer 24 becomes sharp due to the shape of the bird’s beaks 9a,
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and form protuberances 5a and 6a. -

Step 4 {See Figs. 10d and d-1]: After the photoresist coating
on the entire surface of the device is formed through the steps
as described above, a mask for ion injection 25 is formed using
an ordinary photo lithography technique to form the source-drain
regions 3. The sourc_e-drain regions 3 are formed by injection of
an N type impurity ion (phosphorous ion or arsenic ion, or the like)
on the surface of the substrate 2 using an ordinary ion injection
method. The mask for ion injection 25 is then removed.

The mask for ion injection 25 should be formed so as to cover
the portions of the substrate 2 where no source-drain region is
formed and also not to protrude beyond the layer 24. As a result,
positions of the source-~drain regions 3 are defined by the side
walls of the layer 24 (that is, the edge portions of the floating
gate electrodes 5 and 6).

Step 5 [See Figs. 11le and e~1: By a thermal oxidation or LPCVD
method, or a combination of these methods, an insulating layer 10
of silicon _oxide is formed on the entire surface of the device formed
through _the steps as described above. The stacked insulating
layers 8 and 10, and the insulating layers 9 and 10 are unified.

Stép 6 [See Figs. 11f and 11f-1]: A doped polysilicon layer
26 which will beconme the control gate electrode 7 is formed on the
entire surface of the device formed through the above steps.

The following methods are methods of forming the doped
polysilicon layers 21 and 26.

Method 1: A gas including impurities is mixed with a material

gas when a doped polysilicon layer is formed using the LPCVD method.
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Method 2: After a polysilicon layer without doping is formed
using the LPCVD method, an impurity diffusion source layer (POCI;
or the like) is formed thereon and 1ét the impurities diffuse oﬁ
thefpolysilicon layer from said impurity diffusion source layer.

Method 3: After a polysilicon layer without doping is formed
using the LPCVD methoa, impurity ions are injected therein.

Step 6 [See Figs. 12 g and 12g-1]: After the photoresist
coating on the entire surface of the device is formed through the
steps described above, using the ordinary photo lithodraphy
technique, amask for ion injection 27 is. formed to form the fléating
gate electrodes 5 and 6, and the control gate electrode 7.

Step 7 [See Figs. 12 h and 12h-1]: The doped polysilicon layer
26, the insulating layer 10, the insulating layer 9, and the layer
24 are etched simultaneously by the anisotropy etching using the
etching mask 27. By this step, the control gate electrode 7 is
formed from the doped.polysilicon layer 26, and the floating gate
electrodes 5 and 6 are formed by the layer 24.

After the etching mask 27 is removed, the memory cell array
102 is complete.

As described in the above, the following functions and effects
can be obtained.

{1] The memory cell 1 has two floating gate electrodes 5 and
6. The floating gate electrodes 5 and 6 are placed next to each
other on the channel region 4 between the two source-drain regions
3. The floating gate electrodes 5 and 6 share one control gate
electrode 7. Eachmemorycell 1 canstore ldatabit ineach floating

gate electrode 5 or 6, that is, 2 data bits altogether.
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Therefore, in the same design rule, the memory cell 1 can

-reduce the occupied area per bit on the substrate 2 to 66 § of the
occupied area of the com_rentional memory cell 201. In other words,
the memory cell 1 enables high integration comparable to a stacked
gate type memory cell.

[{2] By the control gate electrodes 7 of the memory cell 1
laid out in columns, common word lines are formed. 1In other words,
the control gate electfodes 70f thememory cell 1 laid out in columns
are consecutive, not separate.

Therefore, the aforementioned problem (1) of the prior art
is completely avoidable.

[3] Due to [2] described above, it is not necessary to consider
the alignment acéuracy of the floating gate electrodes 5 and 6,
and the control gate electrode 7. Therefore, the aforementioned
problem (2) of the prior art is completely avoidable.

[4] In Step 7 of the present embodiment, the control gate
electrode 7 is formed from the doped polysilicon layer 26 and the
floating gate electrodes 5 and 6 are formed from the layer 24 by
simultaneously etching the doped polysilicon layer 26, the
insulating layer 20, the insulating layer 9, and the layer 24 with
an etching gas being controlled.

[5] In the memory cell array 102, the source-drain regions
3 of the memory cells 1 laid out in rows form the common bit lines
BL1-BLn. Therefore, inthememorycell array 102, bit contact lines
such as the bit contact line 214 in the conventional memory cell
array 302 are not necessary.

[6] Because of [4] and [5] in the above, the memory cell array
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102 of the present embodiment has'simpler configuration and easier

mnanufacturing steps than the conventional memory cell array 302
has.

The flash EEPROM 101 using the memory cells 1 has the selecting
transistor 12. Therefore, each memory cell 1 has a function to
select itself. 1In other words, even when too great electric charge
is pulledout from the floating gate electrodes 5 and 6 in the erasing
operation, the selecting transistor 12 can switch the channel region
‘4 to an OFF state. Therefore, if over erasing occurs, the selécting
transistor 12 can switch ON-OFF states of the memory cell 1, and
over erasing does not cause a problem. In other words, the
selecting transistor 12 within the memory cell 1 can select an ON
or OFF state of the memory cell 1.

[8] To optimize the electric charge stored in the floating
gate electrodes 5 and 6 of the memorycell 1 in the writingoperation,
a technique to store in the memory cell 1 not only the two values
(=1 bit) of the writing mode and the erasing mode, but also more
than 3 values (multi-state memory technique) may be applied. In
other words, in the multi-state memory' technique, it is necessary
and indispensable to precisely control the writingmode by precisely
controlling the potentials of the floating gate electrodes in the
memory cell. If the technique to control the potentials of the
floating gate electrodes is used, it is easy tooptimize the electric
charge stored in the floalting gate electrodes 5 and 6 of the memory
cell 1 in the writiné operation.

[8] Inthewritingoperation, toprevent the overwriting state,

the potential of the source~drain region 3b (bit line BLm+1l) of
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the memory cell Im(m) is set low to 10 V. Therefore, if a source
voltage of the flash EEPROM 101 is lowered to 3.3 V, the load on
a charge pump becomes lighter and it becomes easier to cope with
a lower voltage. |

On the other hand, in the qonventional_memory cell 201, the
potential of the source region 203 in the writing operation is set
to 12 V. Therefore, if the source voltage of the £flash EEPROM 301
is 3.3 Vv, it is difficult to generate the voltage to be applied
to the source region 203 (= 12 V) using a.charge pump. There'fo;e,
a special circuit to generate said voltage is required, and circuit
configuration becomes complex.

[10] The length of the channel region 4 in the memory cell
1 is longer than the channel region 205 in the conventional memory
cell 201. Therefore, the breakdown voltage of the channel region
4 becomes higher than the breakdown voltage of the channel region
205. As a result, in the writing operation, data is not easily
written on the floating gate electrodes of the memory cells 1 except
for the floating géte electrodes of the selected memory cell 1,
and the functions and effects of the writing operation described
above wiil be obtained with more certainty.

[11] Ir} the reading operation, when the value of the cell
current Ir in the memory cell 1 is detected by the sense amplifier
110, a multi-state memory technique can be used. In other words,
in the multi-state memory technique, it is necessary and
indispensable to precisely detect a cell current in reading
operation. By using the cell current detection technique, the

value of the cell current Ir in the memory cell 1 can be precisely
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detected in the reading operation.

[12] In the writing operation, the electric charge to be
stored in the floating gate electrodes 5 and 6 of the memory cell
1 is set small to avoid the overwriting state. As a result, in
the erasing operation, the amount of electrons pulled from the
floating gate electrodes 5 and 6 toward the control gate electrode
7 also becomes small.

[13] At upper portions of the floating gate electrodes 5 and
6 of the memory cell 1, protuberances 5a and 6a are formed. 1In
the erasing operation, the electrons in the flcating gate electrodes
S5 and 6 jump out and move from the aforesaid protuberances to the
control gate electrode 7.

On the other hand, in the conventional memory cell 201, the
electrons in the floating gate electrode 206 jump out and move from
only the protuberance 206a to the control gate electrode 207 in
the erasing operation.

Therefore, if the electric charges stored in the floating
gate electrodes 5, 6, and 206 are the same, the amount of electrons
which jump out from one protuberance is smaller in the memory cell
1 than in the memory cell 201.

[14]_Because of [12] and (13] described above, the amount
of electrons passing through the insulating layer 10 is reduced.

In the known art, a problem occurs that operation life of
the memory cell 201 becomes short due to electrons passing through
the insulating layer 210 in the erasing operation.

In other words, at an early stage of the above-described step

4 of the prior art where the insulating layer is formed, an impure
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silicon oxide layer is formed due to a natural oxide layer or a

structural transition layer. 1In this impure silicon oxide layer,
not only 0-Si-O bonds which form pure silicon oxide, but also
dangling bonds which do not form 0-Si-0 bonds are included.

In other words, ciuring the shift from the above-~described
step 3 to step 4 in the prior art, side walls of the floating gate
electrodes 206 are exposed with air containing ox.ygen, which leads
forming of the natural oxide layer on the surface of the side walls
of the floating gate electrode 206. The natural oxide .layer
includes dangling bonds which do not form 0-Si-0 bonds.

The structural transition layer exists at the boundary
between the floating gate electrode 206 which is composed of
polysilicon layer, and the insulating layer 210 which is composed
of the silicon oxide layer. Dangling bonds which do not form 0O-Si-0
bonds tend to occur at the structural transition layer.

As described above, in the erasing operation, electrons in
the floating gate electrode 206 are pulled to the control gate
electrode 207 as shown by the arrow B in Fig. 22c¢, and the data
stored in the memory cell 201 is erased. At this time, electrons
pass through the insulating layer 210 including the impure silicon
oxide layer, and a large stress is put on thé insulating layer 210.

Therefore, if writing and erasing operations are repeated,
electron traps will be created in the layer including the impure
silicon oxide layer due to the stress put on the insulating layer
210 in the erasing operatiqn. The electron traps hinder the
movement of the electrons from the floating gate electrode 206 to

the control gate electrode 207. Therefore, as the number of writing
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and erasing (that is, the number of data rewriting operations)

increases, the number of electron traps also increases in the
silicon oxide layer including the impure silicon layer, and
electrons in the floating gate electrode-zoé will not be pulled
- sufficiently.

As a result, it becomes difficult to increase the number of
data rewriting operations in the memory cell 201 and the operation
life bf the memory cell 201 becomes shorter. When the operation
life of the ﬁemory ceil 201 grows shorter, the operation life of
the flash EEPROM also becomes shorter.

On the other hand, in the present invention, it is possible
to reduce the amount of the electrons passing through the insulating
layer 10, and the number of data rewriting operations in the memory
cell 1 can be increased. As a result, it is possible to prolong
the operation life of the memory cell 1 and the flash EEPROM 101.

(Second embodiment)

Hereinafter, a second embodiment implementing the present
invention will be explained referring to the accompanying drawings.
In the present embodiment, components corresponding to those in
the first embodiment have the same indices and a detailed
explanation will not be repeated.

Fig. 13 shows a configuration of a flash EEPROM 120 related
to the present invention.

In the present embodiment, the flash EEPROM 120 is different
from the flash EEPROM 101 shown in Fig. 6 in the following points.

{1} In the memory cell array 102, the source-drain regions

3 of the memory cells 1 laid out in rows are divided.
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{2} In the memory cell array 102, individual bit lines BL1-BLn
are formed by the source-drain regions 3 laid out in rows in memory
cells 1 laid out in columns.

In other words, the bit line BLm to which the memory cell
lm(m) is connected is separated from the bit line BLm-1 to which
the memory cell lm(m-1) is connected. The bit line BLm+1l to which
the memory cell lm(m) is connected is also separated from the bit
line BLm+2 to which the memory cell lm{m+l) is connected.’

According to the present embodiment configured as described
above, the following functions and effects as well as the functions
and effects of the first embodiment can be obtained.

In the first embodiment, in the reading operation, even when
bit lines (BL1l...BLm-1, BLm+2...BLn) corresponding to the
source~drain regions 3 of the memory cells except for the selected
menory cell lm(m) are made open state, charge/discharge currents
flow through the aforesaid bit lines. As a result, the cell current
Ir in the memory cell 1lm(m) cannot be precisely detected by the
sense amplifier 110 if measured before the charge/discharge of the
bit lines has been completed. Inother words, due to time necessary
for charge/discharge of the bit lines which should be made open
state, reading speed may be reduced, although the reduction may
be very slight.

On the other hand, in the present embodiment, individual bit
lines (BL1-BLn) are formed at eachmemory cell 1 laidout in columns.
Therefore, in the reading operation, even when the bit lines
(BL1...BLm~-1, BLm+2...BLn) corresponding to the source-drain

regions 3 of the memory cell 1 except for the selected memory cell



im({m) are made open state, no charge/discharge current flows through

the aforesaidbit lines. As a consequence, according to the present_
embodiment, it is possible to prevent reduction in reading speed
due to the charge/discharge current of the bit lines BL1-BLn as
is the case for the first embodiment. A fast reading operation
is thus realized. |

In the- present embodiment, since individual bit 1lines
(BL1-BLn} are formed at each memory cell 1 laid out in columns,
erasing operation at éach selected memory cell 1 can be performed.

| (Third embodiment)

Hereinafter, a third embodiment implementing the present
invention will be explained referring to the accompanying drawings.
In the present émbodiment, the components same as in the second
embodiment have the same indices and detail explanation of them
will not be provided.

Fig. 14 shows a configuration of a flash EEPROM 130 related
toithe present invention.

.In the present embodiment, the flash EEPROM 130 is different
ffom the flash EEPROM 120 of the second embodiment in the following
points.

{1} The memory cell array 102 corresponds to each bit line
BL1-BLn, and is divided in columns of a plurality of cell blocks
102a-102z. In other words, the cell block 102m is composed of the
memory cells 1 connected to each bit line BLm~3~BLm-1+- The memory
cell 102n is composed of the memory cells 1 connected to each bit
line BLm-BLm+2. In other words, each cell block 102a-102z has 3

bit lines BL1-BLn.
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{2} In each cell block 102a-10.2z, ‘common bit lines are formed
by the source-drain regions 3 of the memory cells 1 laid out in
rows.

| {3} In different cell blocks 102a-102z, the.source-drain
regions 3 of the memory cell 1 laid out in columns are separated.
In neighboring cell blocks 102a-102z, the source-drain regions 3
of the memory cells 1 laid out in rows.are separated and form
different bit lines. In other words, in each memory cell blocks
102m or 102n, the source-drain regions 3 corresponding to the
individual bit lines BIm-1 and BLm are separated.

In other words, the memory cells Im(m) and lm(m+l) are
connected to the common bit line Blm+l, and the memory cells 1im (m—2)
and 1lm(m-1) are connected to the common bit line BILm-2. The bit
line BLm to which the memory cell Ilm(m) is connected is separated
from the bit line BIm~1 to which the memory cell m(m-1) is connected.

According to the present embodiment configured as described
above, the following functions and effects can be obtained in
aadition to the functions and effects of the first embodiment.

In the second embodiment, the reading speed is increased,
but the area of the memory cell array 102 becomes large since the
source—-drain regions 3 are formed corresponding to the individual
bit lines of the memory cells 1 laid out in columns.

On the other hand, in the present embodiment, in the
neighboring cell blocks 102a-102z, the source-drain regions 3 of
the memory cells 1 laid out in rows are separated and different
bit lines are formed. Inotherwords, inasamecellblock102a-102z,

the source-drain regions 3 corresponding to one common bit line
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are formed by the source-drain regions 3 of the memory cell 1 laid
out in rows in the same manner as déscribed in the first embodimerit.
Therefore, according to the present embodiment, the occupied area
can be reduced greater than in the second embodiment.

In the present embodiment, a charge/discharge current does
flow through the bit line BIm+2 connected to t;hé memory cell 1m(m+1)
neighboring the selected memory cell 1lm(m). However, since no
charge/discharge current flows throuéh the other bit 1lines
(BLl...BLm-1, BLm+3...BLn), reading operations-faster théﬁ the
first embodiment can be performed.

In the present embodiment, among the memory cells 1 connected
to the selected word 1line WL1-WLn, erasing operations can be carried
out only on all memory cells within the selected cell blocks
102a-102z. For example, the erasing operation is carried out only
on the memory cells Im(m-2) and Im(m-1) within the cell block 102m,
and no erasing operation can be performed on the other memory cells
1 connected to the same word line WiLm. The erasing operation can
also be carried out on the memory cells 1 Im(m-2), Im(mn-1), 1m(m),
and Ilm(m+l) within the cell block 102m and 102n, and no erasing
operation can be performed on the other memory cells 1 connected
to the same word line WLm.

(Fourth embodiment)

Hereinafter, a fourth embodiment implementing the present
invention will be explained referring to the accompanying figures.
In the present embodiment, the components corresponding to those
already described for the first embodiment are given the same

indices and their explanation will not be repeated.
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Fig. 15 shows a configuration of a flash EEPROM 140 related

to the present invention;

In the present embodiment, the flash EEPROM 140 differs from
the flash EEPROM 101 of the first embodiment in the followihg points.

{1} The wmemory cell array 102 corresponds to the word lines
WL1-WLn, and divided into a plurality of cell blocks 102a-102
w laid out in rows. In other words, a cell block 102A is composed
of the mémory cells 1 connected to the word lines WLm-1 and WLm.
A cell block 1024 -is composed of the memory cells 1 connected to
the word lines WLm+l and WLm+2.

{2} In each cell block 102a-102w, common local short bit
lines BLs1l-BLsn are formed by the source-drain regions 3 of the
memory cell 1 laid out in rows.

{3} Global bit lines BLgl-BLgn are laid out in parallel to
the local short bit lines BLsl-BLsn. The global _bit lines BLgl-BLgn
are formed by an wiring layer composed of a variety of.metals
including high melting point metals.

{4} In each cell block 102a-102w, local short bit 1lines
Ble-BLén are connected to the global bit lines BLgl-BLgn via MOS
transistors 141. Also, in each cell block 102a-102w, gates of the
MOS transistors 141 set at the local short bit lines BLsl-BLsn are
connected to common gate lines Gl-Gn.

In other words, in the cell block 102A, the gates of the MOS
tfansistors 141 placed at local short bit lines BLsl-BLsn are
connected to a common gate line Gm. In the cell block 1024, the
gates of the MOS transistors 141 placed at local short bit lines

BLsl-BLsn are connected to a common gate line Gm+l.
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{5} The gate lines Gl-Gn are connected to the row decher

103. When the word line WL1-WLn in any cell block 102a—102w is
selected, the row decoder 103 selects the gate line corresponding
to the sélected cell block 102a-102w. As a result, the MOS
transistors 141 connected to the selected gate line Gl-Gn become
an ON state, and each local short bit line BLs1-BLsn is coﬁnectéd
to each global bit line BLgl-BLgn.

In other words, if any one of the word lines in the cell block
102A is selected, the gate line Gm is selected. If any one 6f the
word lines in the cell block 1024 is selected, the gate line Gm+l
is selected.

According to the present embodiment configured as described
above, local short bit lines BLsl-BLsn formed by the source-drain
regions 3 of each memory cell 1 are placed individually at each
cell block 102a-102w . Therefore, the local short bit lines
BLsl-BLsn are shorter than the bit line BL1-BLn of the first
embodiment. Each local short bit line BLsl-BLsn is also backed
up by the global bit lines BLgl-BLgn formed by a metallic wiring
layer.

Therefore, capacities of the global short bit lines BLs1-BLsn
are reduced and time necessary for charging/discharging the local
short bit lines BLs1l-BLsn is also shortened. As a result, reading
speed is increased.

The embodiments of the present invention described above may
also be modified as follows, and the same function and effects will
also be obtained thereby.

(1) In the first embodiment, the electric charge to be stored
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in the floating gate electrodes 5 and 6 of the memory cell 1 is-
set large so that an .overwriting state is created.

However, when data is written on the floating gate electrode
6 of the Iﬁemory cell 1 m(m), if the floating gate electrode 5 has
already been in the overwriting state and the channel region 4 under
the floating gate eléctrode $ is in an complete OFF state, cell'
current Iw _will not flow between the source-drain regions 3a and
3b. |

In this case, at least length of the floating gate electrodes
5 and 6 or the impurity concentration of the substrate 2 can be
set so that a constant leak current flows through the channel region
4 under the floating gate electrodes 5 and 6. In this manner, the
wanted cell current Iw can be obtained by the leak current even
though the floating gate electrodes 5 and 6 are in the overwriting
state.

When the memory cell 1 isdensified, the length of the floating
gate electrodes 5 and 6 will become shorter, causing leak currents
to flow easily through the channel region 4. In other words, a
method to cause a constant leak current flow through the channel
region 4 ismore effective than forcing the floating gate electrodes
5 and 6 to be in an overwriting state when the memory cell 1 is
densified.

(2) In the third embodiment, the number of bit lines BL1-BLn
which each cell block 102a-102z can be set to more than 4.

(3) A combination of the second and third embodiments may
be carried out as a fifth embodiment. Fig. 16 shows a configuration

of a main part of a flash EEPROM 150 of the fifth embodiment. In
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this case, reading speed can be further increased by the combined
effects of each embodiment.

(4) A combination of the third and féurth embodiments may
be carried out as a sixth embodiment. Fig. 17 shows a configuration
of a main part of a flash EEPROM 160 of the sixth émbodiment. In
this case, reading speed can be further increased by the combined
effects oﬁ each embodiment.

(5) Fig. 18 is a.partial cross section of the memory cell
array 102 to explain the effects of a seventh embodiment. The
seventh embodiment is different from the first embodiment in that
the memory cell array 102 of this embodiment does not have
protuberances 5a and 6a.

In the seventh embodiment, writing and reading operations
are performed in the same manner as in the first embodiment. In
the erasing operation, the electrons in the floating gate electrodes
5 and 6 jump out and move from the side areas or the upper corners
of the floatincj gate electrodes 5 and 6 to the control gate electrode
7 passing through thinner portion of the insulating layer 10.

To produce the memory cell array of the present embodiment,
a silicon oxide layer should be formed instead of the siliconnitride
layer 22 in Fig. 9a. By using the ordinary photo lithography and
etching technique, the aforesaid silicon oxide layer and the layer
24 which will both become the floating gate electrodes 5 and 6 are
processed. (In this case, the etching mask is the mask with the
reversed pattern of the etching mask shown in Fig. 9a.) Hereafter,
the same process as shown in Fig. 104 is performed.

In this embodiment 7, the step shown by Fig. 9a, which is
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necessary in the first embodiment, is not necessary. Therefore,
the number of steps can be reduced.

(5) The insulating layers 8 and 10 may be replaced with another
insulating layer whose main components are at least one of silicon
o:;ide, silicon nitride oxide, and silicon nitride. To form the
aforesaid insulating layer, at least one of the thermal oxidation
method, thermal nitration method, thermal nitration oxidation
method and CVD method can be used. Alternatively, the insulating
layers 8 and 10 can be replaced with the stacked layers of the
aforesaid insulating layers with the different components.

(6) The material of the gate electrodes 5-7 may be replaced
with a conductive material other than the doped polysilicon (such
as amorphous silicon, monocrystalline silicon, a variety of metals
including high .melting point metals, or metal silicide).

(7) The P type monocrystalline silicon substrate 2 may be
replaced with a P type well.

(8) The P type monocrystalline silicon substrate 2 may be
replaced with an N type monocrystalline silicon substrate or an
N type well, and P type impurity ions, such as boronic or indium
ions, can be used as the impurity ions to be injected for forming
the source-drain region 3.

{(9) The material of the global bit lines BLgl-BLgn may be
replaced with a conductive material except for metal (such as doped
polysilicon or metal silicide).

(10) The floating gate electrodes 5 and 6 of the memory cell
1 may be made to store more than 3 value data using the multi-

state memory technique.



67

{11) In each embodiment, a writing—withfverify mode may be
used in the writing operation.

Technical ideas implied by the embodiments described above
beyond the claimed invention will be described with the effects
thereof.

(A) The transistor comprising an insulating layer formed by
the L.OCOS method on the floating gate electrodes.

(B) The method for producing the transistor array which
further comprises the step of forming an insulating layer on the
first conductive layer using the LOCOS method. |

Using a combination of {(A) and ({(B) . described above,
protuberances on the upper corners of the floating gate electrodes
can be formed.

The materials related to the configuration of the present
invention are defined as follows.

(a) The semiconductor substrate is meant to include not only
the monocrystalline silicon semiconductor substrate, but also
wells, monocrystalline silicon layers, polycrystalline silicon
layers, amorphous silicon layers, chemical semiconductor substrate,
and chemical semiconductor layers.

(b) The conductive layer is meant to include not only the
doped polysilicon layer, but also any conductive layer such as
amorphous silicon layers, monocrystalline silicon layers, a
variety of metal layers including high melting point metals, and
metal silicide layers.

{(c) The capacity between the floating gate electrode and the

substrate means to include the capacity between the floating gate
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electrode and the source~drain region formed on the substrate, or-

the capacity between the floating gate electrode and the channel
region formed on the substrate, or the both.

(d) To set the electric charge to be stored in one of the
floating gate electrodes so that a necessary cell current flows
while a data is written on the other floating gate electrode means
to include the case where the electric charge is zero.

According to the present invention, it is possible to provide
transistors with less fluctuation in writing characteristics, with
-a denser structure, with fewer over erasing problems, and with a
simpler structure.

According to the present invention, it is possible to provide
transistor arrays composed of transistors with less fluctuation
in writing characteristic, with a denser structure, with no over
erasing problems, and with a simpler structure.

According to the present invention, it is possible to provide
a method for producing transistor arfays composed of transistors
with less fluctuation in writing characteristic, with a denser
structure, with fewer over erasing problems, and with a simpler
structure.

According to the present invention, it is possible to provide
nonvolatile semiconductor memories using memory cells composed of
transistors with less fluctuation in writing characteristic, with
a denser structure, with fewer over erasing problems, and with a

simpler structure.
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What is claimed is:

1. Atransistor comprising floating gate electrodes inwhich

electric charge is injected, comprising: two source-drain regions

formed on a semiconductor substrate, an insulating layer on the

semiconductor substrate, two floating gate elecfrodes formed next
to each other on the insulating layer and placed between the two
source-drain regions, and a common control gate electrode placed
on an upper iayer of thg two floating gate electrodes, whe;:ein a
capacity between the floating gate electrodes and the semiconductor
substrate is set larger than a capacity between the floating gate

electrodes and the control gate electrode.

2. Atransistor comprising floating gate electrodes inwhich
electric charge is injected, comprising a semiconductor substrate
comprising a first and a second source-drain regions, a channel
regionplacedbetween the first and the second source-drain regions,
a gate insulating layer on the semiconductor substrate, a first
floating gate electrode placed near the first source-drain region
and formed on the gate insulating layer, a second floating gate
electrode placed next to the first floating gate electrode and near
the second source-drain region and formed on the gate insulating
layer, an insulating layer on the first and the second floating
gate electrodes, and a control gate electrode on the insulating
layer, wherein a capacity between the floating gate electrodes and
the semiconductor substrate is set larger than a capacity between

the floating gate electrodes and the control gate electrode.
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3. . The transiétor according to Claim 2 wherein: the

70

configuration of the second source-drain region is symmetric to
the first source-drain region, and the size and shape of the second
floating gate electrode are exactly equal to the size and shape

of the first floating gate ‘electrode.

4. The transistor according to Claim 2 further comprising
protuberances in upper portions of the first and the second flo'ating

gate electrodes.

5. The transistor according to Claim 2 further comprising
a selecting gate electrode extended from the control gate electrode
.and placed on the gate insulating layer between the first and second

floating gate electrodes.

6. The transistor according to Claim 2, wherein, when data
is written in said second floating gate electrode by injection of
electriccharge, apredetermined electric charge amount tobe stored
in the first floating gate electrode is set so that a cell current
necessary for writing data flows in the second floating gate

electrode.

7. The transistor according to Claim 2, wherein, when data
is written in said second floating gate electrode by injection of
electric charge, a cell current flows from the second source-drain

region to the first source-drain region, a high potential field
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is created between the channel region and the second floating gate
electrode due to coupling via a capacity between the second
so_ﬁrce—drain . region and the second fioating gate eléctfode,
electrons in the channel region are acce'lerated to become hot
electrons, electric charge is stored in the second floatir_;'.g gate
electrode by the hot electrons injected in the -second floating gate
electrode, and data corresponding to the electric charge is written

and stored therein.

8. The transistor according to Claim 2, wherein, when data
is written in said second floating gate electrode by injection of
electric charge, the first source-drain region is grounded via a
constant current source, a second voltage is applied to the Second
source—-drain region, a third voltage lower than the second voltage
is applied to the control gate electrode, a cell current flows from
the second source-drain region to the first source-drain region,
a potential at the second floating gate electrode is raised by
coupling via a capacity between the second source-drain region and
the second floating gate electrode, a high potential field is
created between the channel region and the second floating gate
electrode, electrons in the channel region are accelerated to become
hot electrons, electric charge is stored in the second floating
gate electrode by injection of the hot electrons to the second
floating gate electrode, data corresponding to the electric charge
is written and stored therein, a potential of the first floating
gate electrode is raised by coupling via a capacity between the

first source-drain region and the first floating gate electrode,
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hot electrons are substantially none injected to the first floating
gate electrode however due to a low potential of the first floating

gate electrode.

9. The transistor according to Claim 7, wherein the electric
charge' stored in the second floating gate electrode is adjﬁsted
by adjustments of said cell current and injection duration of hot
electrons to the second floating gate electrode, and the electric
charge stored in the second floating gate electrode is set to a

small value so that no overwriting state will occur.

10. The transistor according to Claim 7, wherein the
electric charge stored in the second floating gate electrode is
adjusted by adjustment of said cell current and injection duration
of hot electrons to the second floating gate electrode, and the
electric charge stored in the second floating gate electrode is
set to a large value so that the overwriting state will occur, and
at least one of the first floating gate electrode’s gate length
or an impurity concentration of the substrate is set so that a
certain value leak current corresponding to the cell current will

flow in the channel region under the first floating gate electrode.

11. The transistor according to Claim 2, wherein the channel
region superposed by the first floating gate electrode enters an
ON state due to coupling via the capacity be}:.ween the first
source-drain region and the first floatlng? g‘a‘te 'electrode

regardless of a state of the electric charge stored in the first

IIII|I|| |||I|| III|| ||I|I II |II|
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floating gate, and the data stored in the second floating gate
electrode is read based on the cell current flowing from the first

source-drain region to the second source-drain region.

12, The transistor according to Claim 2, wherein the channel
region superposed by the first floating gate electrode maintains
an ON state due to coupling via the capacity between the first
source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, the channel region superposed by the second floating
gate electrode in an erasing mode is set to an ON state, the channel
region superposed by the second floating gate electrode in awriting
mode becomes close to an OFF state, and data stored in the second
floating gate electrode is read by judgment of the writing state
or the erasing state of the second floating gate electrode based
on the value of the cell current flowing between the first

source-drain region and the second source-drain region.

13. The transistor according to Claim 2, wherein a third
voltage is applied to the first source-drain region, a fourth
voltage lower than the third voltage is applied to the second
source-drain region, a fifth voltage is applied to the control gate
electrode, a potential of the first floating gate electrode is
raised by coupling via the capacity between the first source-drain
region and the first floating gate electrode, the channel region
superposed by the first floating gate electrodé'is set to an ON

state regardless of a state of electric charge stored in the 'fir_st

I
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floating gate electrode, the channel region superposed by the second

floating gate electrode in an erasing mode in which no electric
charge is stored is set to an ON state, the channel region superposed
by the secbnd floating gate electrode in a writing mode in which
electric charge is stored is set close to an OFF state, and data
stored in the second floating gate electrode is read by judgment
of the writing state or the erasing state of the second floating
gat_e electrode based on the value of the cell current flowingbetween

the first source-drain region and the second source-drain region.

14. The transistor according to Claim 2, wherein a sixth
voltage is applied to the first and second source~drain regions,
a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of the first and the second
floating gate electrodes are substantially maintained at the sixth
voltage because of the first and the second floating gate electrodes
being strongly coupled with the first and the second source-drain
regions, a potential difference between the control gate electrode
and the first and the second floating gate electrodes is made large,
a high potential electric field is created between the control gate
and the first and the second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored in the first and second

floating gate electrodes is erased.

15. The transistor according to Claim 2, wherein a sixth

L
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voltage is applied to the first and second source-drain regions,
a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of the first and the second
floating gate elect_rodes are substantially maintained at the sixth
voltage because of the first and the second floating gate elJectrodes-
being strongly coupled with the first and the second source-drain
regions, a potential difference between the control gate electrode
and the first and the second floating ga"te electrodes is made large,
a high potential electric field is created between the control gate
and the first and the second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and second floating gate electrodes are thus jumped to the
control gate electrode from thereof, and data stored in the first

and second floating gate electrodes is erased.

16. A transistor array in which a plurality of transistors
are laid out in a matrix, comprising:

transistors comprising two source-drain regions formed on
asemiconductorsubstrate,aninsulatinglayeronthesemiconductor
substrate, two floating gate electrodes formed next to each{bther
on the insulating layer and placed between the two source-drain
regions, and a common control gate electrode placed on an upper
layer of the two floating gate electrodes;

+ word lines by which the transistors are laid out in the matrix

and control gate electrodes of the transistors laid out toward
columns of the matrix are commonly connected; and

bit lines commonly connecting source-drain regions of the

. RO YRR THIS SHEET HAS B




eet Has Been Replaced

T

76

transistors laid out toward rows of the matrix.

17. A transistor array' comprising:

a semiconductor substrate;

a plurality of transistors, each comprising a first and a
second sour_ce—drai-n regions, a channel region placed between the
first and the'second source-drain regions, a gate insulating layer
on the semiconductor substrate, a first floating gate electrode
placed near the first source-drain region and formed on the gate
insulating layer, a second floating gate electrode placed next to
the first floating gate electrode and near the second source~drain
region and formed on the gate insulating layer, an insulating layer
on the first and the second floating gate electrodes, and a control
gate electrode on the insulating layer;

word lines by which the transistors are laid out in the matrix
and control gate electrodes of the transistors laid out toward
columns qf the matrix are commonly connected; and

bit lines commonly connected source—-drain regions of the

transistors laid out toward rows of the matrix.

18. The transistor array according to Claim 17 wherein each
transistor laid out toward columns has a pair of bit lines

independent from the bit lines of the neighboring transistor.

19. The transistor array according to Claim 17 wherein the
transistor array may be divided into a plurality of columns of cell

blocks, and a source-drain region commonly shared by a pair of
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transistors laid out toward columns in.each cell block is connected
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by a bit line.

20. The transistor array according to Claim 17 comprising

.- local short bit lines by which the transistor array is divided into

a plurality of rows of cell blocks and the source- draln regions
of the transistors laid out toward rows of each cell block are
commonly connected, and global bit lines corresponding to each local
short bit line, with each local short bit line be;.ng connected with

each global bit line in each cell block via a switching element.

21. The transistor array according to Claim 17 wherein the
floating gate electrodes of each transistor connected to the common
word 1line are 1laid out in series to form an AND-NOR type
configuration in which the circuit thereof is laid out in parallel

to the commonly connecting bit line.

22. A method for manufacturing a transistor comprising
floating gate electrodes in which electric charge is injected,
comprising the steps of:

forming a gate insulating layer on a semiconductor substrate;

forming a first conductive layer on the gate insulating layer;

patterning a first and a second floating gate electrodes
parallel to each other over the semiconductor substrate by etching
the first conductive layer;

forming a first and a second source-drain regions over the

semiconductor substrate by injecting impli'rity ions after masking

e
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- the area from the first floating gate electrode to the second

floating gate electrode;

forming an insulating layer on the floating gate electrodes:;

forming a second conductive layer on the insulating layer:;
and

patterning the control gate electrode using the second
conductive layer, and the first and the second floating gate
electrodes using the first conductive layer, after 'etching the
second conductive layer, the insulating layer, and the first

conductive layer in this order.

23. A memory array wherein a plurality of memory cells are
laid out in a matrix, comprising:

memory cells comprising two source-drain regions formed on
a semiconductor substrate, an insulating layer on the semiconductor
substrate, two floating gate electrodes formed next to each other
on the insulating layer and placed between the two source-drain
regions, and a common control gate electrode placed on an upper
layer of the two floating gate electrodes:;

word lines by which the memory cells are laid out in the matrix
and control gate electrodes of the memory cells laid out toward
columns of the matrix are commonly connected; and

a bit line commonly connecting source-drain regions of the

memory cells laid out toward rows of the matrix.

24. A method for manufacturing a nonvolatile semiconductor

memory cell comprising floating gate electr@_giés in which electric

iy
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charge is injected, comprising the steps of:

forming a gate iﬁéulating layer on a semiconductor substrate;

forming a first conductive layer on the gate insulating layer;

patterning a first and a second floating gate electrodes
parallel to each other over the semiconductor substrate by etching
the first conductive layer;

forming a first and a second source-drain regions over the
semiconductor substrate by injecting impurity ions after masking
the area from the first floating gate .electrode to the second
floating gate electrode;

forming an insulating layer on the floating gate electrodes:;

forming a second conductive layer on the insulating layer;
and

patterning the control gatg electrode using the second
conductive layer, and the first and second floating gate electrodes
using the first conductive layer, after etching the second
conductive layer, the insulating layer, and the first conductive

layer in that order.

25. The transistor according to Claim 7, wherein, when data
is writtén in the second floating gate electrode by injection of
electrical charge therein, a predetermined electric charge amount
to be stored in first floating gate electrode is set so that a cell
current necessary for writing data in the second floating gate

electrode flows.

26. The transistor according to Claim 8, wherein, when data

oy
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is written in the second floatiﬁg gate electrode by injection of
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electrical charge therein, a predeternined electric charge amount
to be stored in first floating gate electrode is set so that a cell
current necessary for writing data in the second floating gate

electrode flows.

27. The transistor according to Claim 17 further comprising
the second source-drain region whose configuration is symmetric
to the first source-drain region, and the second floating gate
electrode whose shape and size are exactly the same as the shape

and size of the first floating gate electrode.

28. The transistor according to Claim 17 further comprising
protuberances in upper portions of the first and second floating

gate electrodes.

29. The transistor according to Claim 17 further comprising
a selecting gate electrode extended from the control gate electrode
and placed on the gate insulating layer between the first and the

- second floating gate electrodes.

30. The transistor according to Claim 17, wherein, when data
is written in said second floating gate electrode by injection of
electriccharge, a predetermined electric charge amount to be stored
in the first floating gate electrode is set so that a cell current
necessary for writing data flows in the second floating gate

electrode.

-




i

31. The transistor according to Claim 17, wherein, when data
is written in said second floating gate electrode by injection of

electric charge, a cell current flows from the second source-drain

. region to the first source-~drain region, a high potential field

is created between the channel region and the second floating Qate
electrode due to coupling via a capacity between the second
source-drain region and the second floating gate electrode,
electrons in the channel region are accelerated to become hot
electrons, electrir; charge is stored in the second floating gate
electrode by the hot electrons injected in the second floating gate
electrode, and data corresponding to the electric charge is written

and stored therein.

32. The transistor according to Claim 16 wherein, when data
is written in said second floating gate electrode by injection of
electric charge, the first source-drain region is grounded via a
constant current -source, a second voltage is applied to the second
source-drain region, a third voltage lower than the second voltage
is applied to the control gate electrode, a cell current flows from
the second source-drain region to the first source-drain region,
a potential at the second floating gate electrode is raised by
coupling via a capacity between the second source-drain region and
the second floating gate electrode, a high potential field is
created between the channel region and the second floating gate
electrode, electrons in the channel region are accelerated to become

hot electrons, electric charge is stored in the second floating
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gate electrode by injection of the hot electrons to the second
floating gate electrode, data corresponding to the electric charge
is written and stored therein, a potential of the first flqating'
gate electrode is raised by coupling via a capacity between the
first source-drain region and the  first floating gate-electrode,'
hot electrons are substantially none injected to the first floating
gate electrode however due to a low potential of the first floating

gate electrode.

33. The transistor according to Claim 31 wherein the
electric charge stofed in the second floating gate electrode is
adjusted by adjustments of said cell current and injection duration
of hot electrons to the second floating gate electrode, and the
electric charge stored in the second floating gate electrode is

set to a small value so that no overwriting state will occur.

34. The transistor according to Claim 31, wherein the
electric chargé stored in the second floating gate electrode is
adjusted by adjustment of said cell current and injection duration
of hot electrons to the second floating gate electrode, and the
electric charge stored in the second floating gate electrode is
set to a large value so that the overwriting-state will occur, and
at least one of the first floating gate electrode’s gate length
or an impurity concentration of the substrate is set so that a
certain value leak current corresponding to the cell current will

flow in the channel region under the first floating gate electrode.

TN O R DL

REPLACED

THIS SHEET HAS BEEN

PR 7 PR,



. This Sheet Has Been Replaced

83

35. The transistor according to Claim 17 wherein the channel

region superposed by the first floating gate electrode enters an
ON state due to coupling wia the -capacity between the first
source-drain region and the first floating gate electrode
fegardless of a state of the electric charge stored in the first
floating gate, .and the data stored in the second floating Qate
electrode is read based on the cell current fiowing from the first

source-drain region to the second source-drain region.

36. The transistor according to.Claim 17 wherein the channel
region superi)osed by the first floating gate electrode maintains
an ON state due to coupling via the capacity between the first
source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, the channel region superposed by the second floating
gate electrode in'an erasing mode is set to an ON state, the channel
region superposed by the second floating gate electrode in awriting
mode becomes close to an OFF state, and data stored in the second
floating gate electrode is read by judgment of the writing state
or the .erasing state of the second floating gate electrode based
on the value of the cell current flowing between the first

source-~drain region and the second source-drain region.

37. The transistor according to Claim 17 wherein a third
voltage is applied to the first source-drain region, a fourth
voltage lower than the third voltage is applied to the second

source-drain region, a fifth voltage is applied to the control gate
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electrode, a potential of the first floa'ting gate electrode is

raised by c'éi'.lp-ling v-ia"t.l:'.ié ca_bé;éity'betwe'en ‘the first _sourcé-drain
region and thé first fléating gate elecfr—ode, the chanﬁel region
" superposed by the first floating gate electrode is set to an ON
state regardless. of a state of electric charge stored in the first
| floating gat;e electrode, the channel region superposedby the seéond
floating gate electr;ode in an erasing mode 'in thch no electrié
charge is stored is éet to an ON state, the channel region superposed
by the second floating gate electrode in a writing mode in which
electric charge is stored is s.et close to an OFF state, and data
stored in the second floating gate electrode is read by judgment
of the writing state or the erasing state of the second floating
gate electrode based on the value of the cell current flowing between

the first source-drain region and the second source-drain region.

38. The transistor according to Claim 17 wherein a sixth
voltage is applied to the first and the second source-drain regions,
a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of the first and the second
.floating gate electrodes are substantially maintained at the sixth
voltage because of the first and the second floating gate electrodes
being stro.ngly coupled with the first and the second source-drain
regions, a potential difference between the control gate electrode
and the first and the second floating gate electrodes is made large,
a high potential electric field is created between the control gate
and the first and the second floating gate electrodes, letting a

Fowler-Nordheim tunnel current flow therebetween, electrons in the
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first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored 1n the first and the

second floatlng gate electrodes is erased.

39. The transistor according to Claim 17 wherein a sixth’
voltage is .abplied to the first and second source-drain-regiens,

| a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of the first and the second
floating gate electrodes are substantially maintained at the sixth
voltage because of the first and the second floating gate electrodes
being strongly coupled with the first and the second source-drain
regions, a potential difference between the control gate electrode
and the first and the second floating gate electrodes is made large,

a high potential electric field is created between the control gate
and the first and the second floating gate electrodes, to allow
a Fowler-Nordhei.m tunnel current to flow therebetween, electrons
in the first and second floating gate electrodes are thus jumped
to the control gate electrode from thereof, and data stored in the

first and the second floating gate electrodes is erased.

40. A semiconductor memory wherein data is written by
injecting electric charge into floating gate electrodes thereof,
comprising two source-drain regions formed on a semiconductor
substrate, an insulating layer on the semiconductor substrate, two
floating gate electrodes placed next to each other on the insulating
layer and positioned between the two source-drain regions, and a

common control gate electrode placed in an upper layer of the two
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floating gate electrodes, wherein data is erased by pulling the

eléctric charge injected in the floating gate:electrodes toward

the control gate electrode.

41. A semiconductor memory wherein data is written by
injecting.electric charge into floatipcj gat; elect-_rodes thereof,
comprising: |

a semiconductor substrate;

a .plurality of transistors,- each comprising a first and a
second source-drain régions, a channel region placed between the
first and the second source-drain regions, a gate insulating layer
on the semiconductor substrate, a first floating gate electrode
placed near the first source-drain region aﬂd formed on the gate
insulating layer, a second floating gate electrode placed next to
the first floating gate electrode and near the second source-drain
region and formed on the gate insulating layer, an insulating layer
on the first and the second floating gate electrodes, and a control
gate electrode on the insulating layer:;

word lines by which the transistors are laid out in thematrix
and control gate electrodes of the transistors laid out toward
columns of the matrix are commonly connected; and

bit lines commonly connected source-drain regions of the

transistors laid out toward rows of the matrix.

42. The semiconductor memory according to Claim 41 further
comprising the second source-drain region whose configuration is

symmetric to the first source-drain region, and the second £floating

< < ET HAS BEEN

U] A R
* c L M S *

)

| RGPLACED



This Sheet Has Been Replaced

- 87

gate electrode whose shape and size are exactly' the. same as the

shape and sizé of the first floating gate electrode.
43. The semiconductor memory according to Claim 41 further
- comprising protuberances in upper portions of the first and the -

second floating gate electrodes.

44. The semiconductor memory according to Claim 41 further
comprising a selecting gate electrode extended from the control
gate electrode and placed on the gate insulating layer between the

first and second floating gate electrodes.

45. The semiconductor memory according to Claim 41, wherein,
when data is written in said second floating gate electrode by
injection of electric charge therein, a predetermined electric
charge amount to be stored in the first floating gate electrode
is set so that a cell current necessary for writing da‘ta flows in

the second floating gate electrode.

46. The semiconductor memory according toClaim 41, whe-rein;
when data is written in said second floating gate electrode by
injection of electric charge therein, a cell current flows from
the second source-drain region to the first source-drain region,
a high potential field is created between the channel region and
the second floating gate electrode due to coupling via a _capacity
between the second source-drain region and the second floating gate

electrode, electrons in the channel region are accelerated to become
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hot electrons, electric charge is stored in the second f'loating
gate electrode by the hot electrons injected in the second floating
gate electrode, and da_ta cerres_ponding to the electric charge is

written .and stored therein..

47. The semiconductor memory according toClaim41, wher'ein,
when data is written in said second floating gate electrode by
injection of electrlc charge therein, the flrst source- draln region
is grounded via a constant current source, a second voltage is
applied to the second source-drain region, a third voltage lower
than the second voltage is applied to the control gate electrode,
a cell current flows from the second source-drain regioﬁ to the
first source-drain region, a potential .at the second floating gate
electroede is raised by coupling via a capacity between the second
source—-drain region and the second floating gate electrode, a high
potential field is created between the channel region and the second
floating gate electrode, electrons in the channel region are
accelerated to become hot electrons, electric charge is stored in
the second floating gate electrode by injection of the hot electrons
to the second floating gate electrode, data corresponding to the
electric charge is written and stored therein, a potential of the
first floatiﬁg gate electrode is raised by coupling via a capacity
between the first source-drain region and the first floating gate
electrode, and no substantial hot electrons are made injected to
the first floating gate electrode however due to a low potential

of the first floating gate electrode.
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48. The semiconductor memory according to Claim 46 wherein
the electr:Lc charge stored in the second floatlng gate electrode
is adjusted by adjustments of sa:Ld cell current and injection’
duration of hot electrons to the second floating gate electrode,
and the electric charge stored in the second floating gate electrode

is set to a small value s0 that no overwriting state w1ll occur.

49. The semiconductor memory 'according to Claim 41, wherein
the channel region superposed by the first floating gate electrode
becomes an ON state dué to coupling via the capacity between the
first source-drain region and the first floating gate electrode
regardless of a state of .the electric charge stored in the first
floating gate, and the data stored in the second floating gate
electrode is made to be read based on the cell current flowing from

the first sburce-drain region to the second source-drain region.

50. The semiconductor memory according to Claim 41, wﬁerein
the channel region superposed by the first floating gate electrode
maintains an ON state due to coupling via the capacity between the
first source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the f-.irst
floating gate, the channel region superposed by the second fleoating
gate electrode in an erasing mode is set to an ON state, the chanﬁel
region superposed by the second floating gate electrode inawriting
mode becomes close to an OFF state, and data stored in the second
floating gate electrode is made to be read by judgment of the writing

state or the erasing state of the second floating gate electrode
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based on the value of the cell current flowing between the first

source-drain region and the second source-drain region.

51. The semiconductor memory according to Claim 41 wherein
a third voltage is applied to the first source~drain region, a fourth
voltage lower than the third ﬁélﬁage is applied to the second
source~-drain region, a fifth voltagé is applied to the confrol gate
electrode, a potential of ‘the fiést floating gate electrode is
raised by coupling via the capacity between the first source-drain
regioﬁ and the first floating gate electrode, the channel region
superposed by the first floating gate electrode is set to an ON
state regardless of a state of electric charge stored in the first
floating gate electrode, the channel region superposed by the second
floating gate electrode in an erasing mode in which no electric
charge is stored is set to an ON state, the channel region superposed
by the second floating gate electrode in a. writing mode in which
electric charge is stored is set close to an OFF state, and data
stored in the second floating gate electrode is made to be read
by judgment of the writing state or the erasing state of the second
floating gate electrode based on the value of the cell cufrent
flowing between the first source-d;ain region and the second

source—-drain region.

52. The semiconductor memory according to Claim 41 wherein
a sixth voltage is applied to the first and the second source-
drain regions, a seventh voltage higher than the sixth voltage is

applied to the control gate electrode, potentials of the first and
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the second floating gate electrodes are substantially maintained
at the sixth voltage because of .the first and the second floating
gate electrodés beiﬁg strongly coupled with the first and the second
source-drain regions, a potential difference between the control
gateeleétrodeandthefirstandthesecondfloatinggétéelectfodes
is made large, a highipotentiéi electric field is created.betweeﬁ
the control gate and the first and the second floating gate
electrodes, 1letting a Fowler-Nordheim tunnel current flow
therebetween, electrons in the first and.the second floatinéigate
electrodes are thus pulled to the control gate electrode, and data
stored in the first and the second floating gate electrodes is Ir-tade

to be erased.

$3. The semiconductor memory according to Claim 41, wherein
a sixth voltage is applied to the first and the second source-
drain regions, a seventh voltage higher than the sixth voltage is
applied to the control gate electrode, potentials of Ehe first and
the second floating gate electrodes ére substantially maintgined
at the sixth voltage because of the first and the second floating
gate electrodes being strongly coupled with the first and the second
source~drain regions, a potential difference between the control
gate electrode and the first and the second floating gate electrodes
is made large, a high potential electric field is created between
the control gate and the first and the second floating gate
electrodes, to allow a Fowler-Nordheim tunnel current to flow
therebetween, electrons in the first and the second floating gate

electrodes are thus jumped to the control gate electrode from

[
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thereof, and .data stored in the first.and.the'second floating gate

electrodes is erased.
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