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(57) ABSTRACT

On a semiconductor substrate of a first conductive type 1s
formed a well layer of the same conductive type as that of
the substrate 1n electrically separated that i1s, physically
separated and electrically 1solated, from the substrate, and a
MOS transistor, used as a nonvolatile memory cell, forming
a drain region and a source region respectively within the
well layer 1s used as a memory cell. Well layers associated

with different columns are connected to each other by a well
wiring commonly so that operation voltage different from

that of the semiconductor substrate 1s applied thereto. In the
case of data erasing, prescribed positive voltage 1s applied to
a well wiring, and prescribed voltage lower than said posi-

five voltage 1s applied to a selected word line. In the case of
data programming, prescribed negative voltage 1s applied to

the well wiring, prescribed voltage higher than said negative
voltage 1s applied to the selected word line.

13 Claims, 8 Drawing Sheets
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PARALLEL TYPE NONVOLATILE
SEMICONDUCTOR MEMORY DEVICE AND
METHOD OF USING THE SAME

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

BACKGROUND OF THE INVENTION

The present invention relates to a parallel type nonvolatile
semiconductor memory device which 1s electrically pro-
crammable and erasable and a method of using the device,
and more particularly to a parallel type nonvolatile semi-
conductor memory device applied, preferably, to a large
scale integration scheme and a method of using the device.

In general, a parallel type nonvolatile semiconductor
memory device which 1s electrically programmable and
erasable 1s constituted, for example, by nonvolatile memory
cells comprising a plurality of MOS field effect transistors
(hereinafter referred to as “MOS transistors™) each provided
with an n-type drain region and an n-type source region
formed on a p-type silicon substrate, a gate msulation film
formed on a surface of the substrate including these regions,
a floating gate formed on the 1nsulation film, and a control
cgate formed on the floating gate through an interlayer
insulation film and, respectively, are arranged in a maftrix.
The plural nonvolatile memory cells constituting a nonvola-
file memory cell array are used in that control gates are
connected to each other by individual word lines 1n each row
of nonvolatile memory cell, drain regions are connected to
cach other by individual data lines in each column of
nonvolatile memory cell, and source regions are connected
to each other by individual source lines in each column
(refer to Japanese Patent Laid-Open No. Hei 6-77437 for
example).

Programming and erasing of data are performed by uti-
lizing tunnel phenomena of electrons (Fowler-Nordheim
phenomena: hereinafter referred to as “F-N phenomena”) in
a gate insulation film. That 1s, when negative voltage 1s
applied to a control gate, positive voltage 1s applied to a
drain region and a source region 1s held to the substrate
voltage (zero voltage), the F-N phenomena are generated on
the gate msulation film 1n an overlapped portion of the drain
region and the floating gate, and electrons are ejected from
the floating gate to the drain region and data 1s programmed.

On the other hand, when positive voltage 1s applied to the
control gate and the drain region and the source region are
held to the substrate voltage, the F-N phenomena are gen-
crated on the whole surface of the gate msulation film and
clectrons are 1njected from the whole of the channel region
to the floating gate and data 1s erased.

In the prior art as above described, 1 order to write data
ciiiciently, 1t 1s preferable that the drain region possesses a
withstanding voltage of at least 6V or more. Therefore, it 15
necessary that an overlapped portion with length of at least
0.15 um 1s formed between the floating gate and the drain
region. Since the effective length of the floating gate, which
can be formed by the process technology in the prior art, 1s
about 0.4 um even 1n the case of minimum, when the length
of the overlapped portion 1s made about 0.15 um, the
channel length of about 0.15 um can be secured by limiting
the length of the overlapped portion of the floating gate and
the source region to about 0.1 um. Therefore, a method has
been adopted 1n the prior art whereby the drain region 1s
formed larger than the source region asymmetrically thereby
the withstanding voltage of the drain region 1s secured.
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However, 1n the present state that the process technology
1s developed significantly and the fine pattern processing of
the floating gate with the effective length of about 0.25 um
becomes possible, even 1f the length of the overlapped
portion of the floating gate and the source region and the
channel length can be suppressed to about 0.05 um and
about 0.1 um respectively, since the length of the overlapped
portion of the floating gate and the drain region can not be
made 0.15 um or more, when the asymmetric structure as in
the prior art 1s adopted, it 1s difficult that the high integration
memory device of 256 mega bits or more be realized.

Besides this, in the prior art, when data 1s programmed,
since positive voltage is applied to the drain region (data
line) and negative voltage is applied to the control gate
(word line), it can not be prevented that a leak current
flowing through a depletion region (band-to-band tunneling
current) is generated under the gate insulation film of the
drain region. Positive holes as origin of this leak current are
partly captured within the gate mnsulation film and accelerate
the deterioration of the insulation film and cause the pro-
cramming and erasing cycle to be decreased significantly.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to provide a semi-
conductor integrated circuit of novel configuration and its
using method, where the above-mentioned problems 1n the
prior art are solved, and a nonvolatile memory device having
quite high density and being electrically programmable can
be easily realized.

The problems 1n the present i1nvention, as above
described, can be solved 1n that on a semiconductor substrate
of a first conductive type 1s formed a well layer having the
same conductive type as that of the substrate and being
clectrically separated from the substrate, and a MOS tran-
sistor having a drain region and a source region respectively
formed within the well layer 1s used as a memory cell. Well
layers of a plurality of memory cells constituting a memory
array are connected to each other by a well wiring com-
monly so that operation voltage different from that of the
semiconductor substrate 1s applied thereto. Control gates are
connected to each other, drain regions are connected to each
other and source regions are connected to each other by
individual word lines, data lines or source lines 1n each row
or column in similar manner to that of the prior art as above

described.

In a memory device and a method of use thereof accord-
ing to the present invention, being different from the above-
mentioned prior art 1n structure, injection of electrons to the
floating gate 1s defined as data programming, and ejection of
clectrons from the floating gate 1s defined as data erasing.
Erasing of data is performed in that prescribed positive
voltage 1s applied to the well wiring and other prescribed
voltage (for example, negative voltage) lower than the
positive voltage 1s applied to a selected word line (a word
line leading to a control gate of a memory cell desired to be
erased). In this case, the voltage VI applied to the floating
cgate of the selected memory cell becomes a value deter-
mined by formula (1), and as a result of that the high electric
field shown in formula (2) is applied to the whole surface of
the gate 1insulation film, the F-N phenomena are generated to
the whole of the insulation film and electrons are ejected
from the floating gate, and the threshold voltage of the
memory cell can be selected to a lower range of 0.5V-1.5V.
In addition, in formula (1) and formula (2), Vp indicates
voltage applied to the well layer (subscript p means plus
value), Vn indicates voltage of the control gate (subscript n
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means minus value), Cr indicates coupling ratio (ratio of
capacitance of the gate to the whole capacitance viewing
from the floating gate), and Tox indicates thickness of the
gate msulation film respectively.

VI{=Cr(Vn-Vp)+Vp (1)

(2)

The data erasing can be executed regarding all memory
cells connected to the selected word line collectively and
simultaneously. Therefore, one word line 1s defined as a
sector of 512 bytes for example, thereby the efficient data
erasing 1n individual units of 512 bytes becomes possible.
However, since positive voltage 1s applied to the well layers
of the all memory cells through the well wiring, 1f an
unselected word line 1s left to the open state, in memory cells
connected to the word line, as a result of that a weak electric
field directed from the floating gate towards the well layer 1s
applied to the gate insulation film, erase-disturb phenomena
arc generated that electrons go out of the floating gate
oradually. The phenomena can be prevented in that the
intermediate voltage between the voltage of the selected
word line and the voltage of the well wiring 1s applied to the
unselected word line and the electric field applied to the gate
insulation film 1s relieved.

On the other hand, programming of data 1s executed 1n
that prescribed negative voltage 1s applied to the well wiring,
and other prescribed voltage (for example, positive voltage)
higher than the negative voltage 1s applied to a selected word
line (a word line leading to a control gate of a memory cell
desired to be programmed). In this case, the voltage VI
applied to the floating gate of the selected memory cell
becomes a value determined by formula (3), and as a result
of that the high electric field in the reverse direction shown
in formula (4) is applied to the whole surface of the gate
insulation film, the F-N phenomena are generated in the
whole of the gate msulation film and electrons are 1njected
to the floating gate, and the threshold voltage of the memory
cell can be set to a higher range of 3.0V—4.0V. However, Vn
and Vp in formula (3) and formula (4) are unlike the case of
formula (1) and formula (2), and the former indicates
negative voltage applied to the well wiring and the latter
indicates positive voltage applied to the selected word line
respectively.

—(VE=-Vp)/Tox

VI{=Cr(Vp-Vn)+Vn (3)

(4)

In stmilar manner to the case of the data erasing, also the
data programming can be performed regarding a plurality of
all memory cells connected to the selected word line col-
lectively and simultaneously. However, programming of “1”
(programming selected) and programming of “0”
(programming inhibited) to each memory cell depend on a
value of voltage applied to each data line. That 1s, if negative
voltage comparable with the voltage of the well wiring 1s
applied to the data line leading to a memory cell desired to
be programmed or 1f the data line 1s made the open state, as
a result of that the drain region voltage becomes comparable
with the well layer voltage, the electric field applied to the
cgate 1nsulation film 1s strengthened and generation of the
F-N phenomena 1s promoted, and electrons are injected to
the tloating gate and “1” 1s programmed. On the other hand,
if prescribed positive voltage (for example, positive voltage
with the same absolute value as that of the negative voltage

—(V{=Vn)/Tox
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applied to the well wiring) is applied to a data line leading
to a memory cell not desired to be programmed, as a result
of that the drain region 1s held to the positive voltage, the
clectric field applied to the gate insulation film 1s relieved
and generation of the F-N phenomena 1s suppressed, and
injection of electrons to the floating gate 1s stopped and “0”
1s programmed. According to the above-mentioned
operation, the data programming to a plurality of memory
cells on the selected word line becomes possible.
Consequently, one word line 1s defined as a sector of 512
bytes for example, thereby the programming 1n individual
units of 512 bytes becomes possible.

In the case of the data programming, however, since
negative voltage or positive voltage 1s applied to individual
data lines selectively, a parasitic MOS ftransistor existing
between a plurality of memory cells connected to one data
line and memory cells connected to other data line adjacent
to the data line becomes the on-state and an unexpected
wrong operation may be caused. Such obstruction can be
casily prevented i1n that a memory cell isolation region
penctrating the well layer 1s formed between memory cells
adjacent to each other, or that the adjacent memory cells are
clectrically separated from each other using the SOI tech-
nology.

Also during the data programming period, since negative
voltage 1s applied to the well layers of all memory cells, if
the unselected word line 1s left to the open state, 1n the
memory cell connected to the word line, as a result of that
a weak electric field directed from the well layer towards the
floating gate 1s applied to the whole surface of the gate
insulation film, the programming disturb phenomena are
oenerated 1n that electrons are gradually injected into the
floating gate. The phenomena can be prevented in that the
intermediate voltage between the voltage of the well wiring
and the voltage of the selected word line 1s applied to the
unselected word line and the electric field mtensity applied
to the gate insulation film 1s relieved.

In addition, individual data lines are preferably held to
positive voltage comparable with the voltage applied to the
well wiring or held to the open state during the data erasing
pertod, 1n order to prevent the wrong operation of the
memory cell. Also individual source lines are preferably
separated from each other and held to the open state during
the period of data erasing or data programming, so that the
well layer voltage of the memory cell in the on-state 1s not
undesirably shortcircuited to other memory cell on the
selected word line.

Thus 1n any case of the data erasing and the data
programming, since the F-N phenomena can be generated to
the whole of the channel region can be utilized, the drain
region and the source region can be made mutually sym-
metric structure.

These and other objects and many of the attendant advan-
tages of the invention will be readily appreciated as the same
becomes better understood by reference to the following
detailed description when considered 1n connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram of memory cells explaining a
first embodiment of a parallel type nonvolatile semiconduc-
tor memory device according to the invention and showing
voltage condition of the memory cells during the data
erasing period;

FIG. 2 1s a diagram showing voltage condition of the
memory cells shown in FIG. 1 during the data programming
per1od;
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FIG. 3 1s a diagram showing voltage condition of the
memory cells shown 1n FIG. 1 during the data reading
per1od;

FIG. 4 1s a circuit configuration diagram showing a block
configuration of the first embodiment;

FIG. § 1s a circuit diagram of memory cells explaining a
second embodiment of the mmvention and showing voltage
condition of the memory cells during the data erasing
per1od;

FIG. 6 1s a curve diagram showing relation of voltage
during the data erasing period and erasing time;

FIG. 7 1s a curve diagram showing relation of erase-
disturb time 1in an Unselected word line and voltage of the
unselected word line during the data erasing period;

FIG. 8 1s a line diagram showing relation of voltage of a
well layer and voltage of an unselected word line to negative
voltage of a selected word line during the data erasing
per1od;

FIG. 9 1s a sectional view explaimning structure of the first
embodiment;

FIG. 10 1s a circuit diagram of memory cells explaining,
a third embodiment of the invention;

FIG. 11 1s a sectional structure diagram explaining a
fourth embodiment of the invention;

FIG. 12 1s a circuit diagram explaining memory cells
adopted 1n the fourth embodiment of the mnvention; and

FIG. 13 1s a plan view explaining an example of layout
adopted 1n the fourth embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

<Embodiment 1>

A first embodiment of the present invention will be
described 1n connection with FIG. 1-FIG. 4 and FIG. 6—FIG.
9. In this embodiment, four memory cells are made array
configuration using two word lines and two data lines
respectively, but the number of memory cells or the number
of word lines and data lines 1s not limited to this embodi-
ment. In addition, FIG. 1 1s a diagram showing voltage
condition when data of memory cells on any one selected
word line are erased, FIG. 2 1s a diagram showing voltage
condition when data 1s programmed 1n memory cells on any
one selected word line, and FIG. 3 1s a diagram showing
voltage condition when data of memory cells on any one
selected word line are read out.

In this embodiment, as shown 1n FIG. 1-FIG. 3, control
gates of memory cells M1-1 and M1-2 are connected to each
other by a word line W1, drain regions of memory-cells
M1-1 and M2-1 are connected to each other by a data line
D1, drain regions of memory cells M1-2 and M2-2 are
connected to each other by a data line D2, source regions of
memory cells M1-1 and M2-1 are connected to each other by
a source line S1, source regions of memory cells M1-2 and
M2-2 are connected to each other by a source line S2, and
the source lines S1, S2 are connected through switching
clements SW1, SW2 constituted by MOS ftransistors to a
common line CS. The switching elements SW1 and SW2
have gates connected to each other commonly to a wiring
ST, and both switching elements are switched simulta-
neously. In addition, in the case of this embodiment,
although well layers of all memory cells are connected
commonly by a well wiring WEL, when scale of array
confliguration 1s large, many memory cells may be separated
into plural groups, for example, 1n unit of 1 mega bits or 4
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mega bits, and memory cells 1n each group may be con-
nected commonly by individual well wirings.

FIG. 1 shows voltage condition 1n the case of the data
erasing. Individual voltages are set so as to satisly various
conditions of the threshold voltage of programming and
erasing possessed by memory cells, thickness of the gate
insulation film and the erasing time. FIG. 6 shows relation
of the operation voltage (difference voltage between the
voltage Vn of the selected word line and the voltage Vp of

the well wiring) and the erasing time when thickness of the
cgate 1nsulation film 1s 8.0 nm, and each curve of FIG. 6
indicates characteristics of the standard memory cell and
characteristics of the fastest and slowest memory cells when
the processing dispersion of memory cells 1s considered. In
order to satisfy the maximum erase time of 10 ms for the
slowest memory cell, the standard operation voltage (Vn-
Vp) must be made —15V. Also in order that the number of
memory cells connected to one data line 1s made 8192
(hence the number of word lines also 1s 8192) and the
erasing and programming of 1,000 thousand times in the
maximum erase time of 10 ms are enabled 1n each word line,
one word line must withstand the erase-disturb time of about
80,000 thousand seconds (8E7s). From the erase-disturb
characteristics after the programming of 1,000 thousand
times shown m FIG. 7, in order to satisty this condition, 1t
1s necessary that difference between the voltage Vuwp of the
unselected word line and the positive voltage Vp of the well
wiring 1s —=3V or more.

FIG. 8 shows the well wiring voltage Vp and the unse-
lected word line voltage Vuwp to the negative voltage Vn of
the selected word line. However, at least one of the well
wiring voltage Vp and the unselected word line voltage
Vuwp preferably uses a power source for a semiconductor
chip (here Vee=3V), and two cases, case 1 and case 2, may
be considered.

FIG. 1 shows the case 1n case 1. In this case, the word line
W1 1s selected and the memory cells M1-1 and M1-2 are
erased simultaneously. The selected word line W1 1s sup-
plied with -9V, the unselected word line W2 1s supplied with
3V, and the well wiring WEL 1s supplied with 6V respec-
tively. The switching elements SW1 and SW2 are driven by
the common wiring ST, and held to the off-state during the
period of the data erasing. The data lines D1 and D2 are set
to 6V. If such voltage condition 1s set, in the memory cells
M1-1 and M1-2, the strong electric field 1s applied to the
whole surface of the gate insulation film and electrons are
ejected from the floating gate to the channel region and the
threshold voltage of the memory cells can be set to a range
of 0.5V-1.5V. This lower positive threshold voltage state 1s
defined as the data erasing state.

FIG. 2 shows condition during the data programming,
period determined by the voltage setting method 1n similar
manner to the case of the data erasing. Also the data
programming 1s performed 1n unit of the word line, and the
selected word line W1 1s supplied with 12V, the unselected
word line W2 1s supplied with OV and the well wiring WEL
1s supplied with —3V. The switching elements SW1 and SW2
are held to the off-state during the programming period and
the source line 1s 1n the open state. The data line D1 to the
memory cell M1-1 performing the programming of the data
“1” 1s supplied with =3V, and the data line D2 to the memory
cell M1-2 performing the programming of the data “0” 1s
supplied with 3V. If such voltage condition 1s set, in the
memory cell M1-1, since the voltage of the channel region
becomes about —3V, the voltage of the floating gate becomes
voltage (for example, 6V) in the capacitance dividing by
12V of the word line and -3V of the channel region. On the
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other hand, 1n the memory cell M1-2, since the channel
region becomes about 3V, the voltage of the floating gate
becomes about 2.4V. As a result, in the memory cell M1-1,
the electric field applied to the gate msulation film becomes
stronger 1n comparison with the memory cell M1-2, and
clectrons are 1njected from the channel region to the floating
cgate through the whole surface of the gate insulation film,
and the memory threshold voltage can be set to 3.0V—-4.0V.
This higher positive threshold voltage state 1s defined as the
data programming state.

In addition, 1 this embodiment, the unselected word line
W2 1s supplied with 0V, and the high electric field 1s applied
to the gate insulation film of the memory cell on the
unselected word line so that electrons are prevented from
leaking. The voltage supplied to the unselected word line
W2 1s not Iimited to OV, but negative voltage may be applied
thereby the electric field intensity may be further reduced.

In the programming operation, the negative voltage (-3V)
must be applied to the selected data line D1. FIG. 4 shows
a block configuration example of a memory array so as to
output the negative voltage to the data line D1. In this
example, a sense circuit region 54 with a latch circuit 55
(differential pair) for the data storage during the program-
ming period or the data reading provided 1n each data line 1s
formed corresponding to memory arrays 52, 53, and a well
voltage control circuit 51 for supplying the well layer
voltage 1s connected to the memory arrays 52, 53 and the
sense circult region 54. That 1s, a well wiring WEL1 1s
connected between the well voltage control circuit 51 and
the memory array 52, a well wiring WEL2 1s connected
between the well voltage control circuit 51 and the memory
array 53, and a well wiring WELSs and a wiring Vpsa of the
positive voltage source are connected between the well
voltage control circuit 51 and the sense circuit region 54
respectively. During the programming period, each voltage
of the well wirings WEL1, WEL2, WELSs 1s made the same
voltage of —3V. The voltage of the power source wiring Vpsa
1s 3V. Such voltage condition 1s set thereby the latch circuit
55 can select and store -3V or 3V. Data are sent from a
terminal I/O, and the storage state of the latch circuit 55 1s
set. Thus the voltage of the data line can be made -3V or 3V.
In addition, 1n the reading operation as described later, the
well voltage of the sense circuit region 54 1s changed to 0V,
and conventional reading operation 1s enabled.

FIG. 3 shows voltage condition during the data reading
period. Also the reading 1s performed 1n unit of the word
line, and the selected word line W1 1s supplied with 3V. The
unselected word line W2 1s supplied with 0V, and the well
wiring WEL 1s supplied with OV. The switching elements
SW1 and SW2 are held to the on-state, and the data lines D1,
D2 are supplied with 1.5V. When the threshold voltage of
the memory cell 1s low, the data line voltage 1s lowered, and
when the threshold voltage of the memory cell 1s high, the
data line voltage 1s held to 1.5V. Consequently, the data line
voltage 1s detected 1n each data line thereby the information
of the memory cell can be read out.

FIG. 9 shows a semiconductor memory device to be used
in this embodiment, for example, as a memory cell sectional
structure corresponding to 3 bits. In the case of this
embodiment, a ssmiconductor substrate 10 made of p-type
silicon 1s used, and on an upper layer portion of the substrate
10, an n-type well layer 11 and an p-type well layer 12 are
formed 1n sequence, and a drain region 7 and a source region
8 arc formed within the p-type well layer 12. A gate
insulation film 1 being a tunnel region 1s formed on the
surface of the well layer 12, and on the gate 1nsulation film
1, a floating gate made of highly impurity doped polysilicon
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or metal such as tungsten 1s formed. The surface of the
floating gate 2 1s covered by an interlayer insulation film 3
comprising a silicon oxide film 3 formed by the CVD
method, and on the film 3, a word line 4 made of highly
impurity doped polysilicon or metal such as tungsten 1is
formed. This word line 4 acts also as a control gate. Memory
cells are electrically insulated from each other by a memory
cell 1solation region 5. The memory cell 1solation region §
can be constituted 1n that a silicon oxide film 1s embedded
within a groove formed on the silicon substrate 10, for
example, by the anisotropic etchmg The drain region 7 and
the source region 8 are formed 1n symmetry with respect to
the floating gate 2. Thereby the effective data length of the
floating gate can be made 0.25-0.2 um. By this effective data
length, the high integration memory device of 256 mega bits
or more can be realized.

In this embodiment, since the voltage of the p-type well
layer 12 1s voltage applied to the well wiring WEL shown 1n

FIG. 1-FIG. 3, it 1s 6V during the data erasing period, -3V
during the data programming period and OV during the data
reading period. On the other hand, the semiconductor sub-
strate 10 1s always grounded, and the voltage 1s OV.
Therefore, to the n-type well layer 11, 6V 1s applied during
the data erasing period, 3V or OV 1s applied during the data
programming period, and 3V or 0V 1s applied during the
data reading period respectively, and reverse bias or O bias
1s applied between the n-type well layer 11 and the p-type
well layer 12 thereby the p-type well layer 12 1s always
insulation electrically with respect to the semiconductor
substrate 10.

In this embodiment as above described, since memory
cells connected to the same data line/source line are con-
nected 1n parallel, the data reading can be performed at high
speed. Also since the data programming and the data erasing
are performed by the 1njection and the ejection of electrons
due to the F-N tunnel phenomena using the whole surface of
the channel of memory cell, excessive current component
other than the tunnel current i1s not necessary, and since the
tunnel current 1s weak, the low consumption power can be
intended. Further, operation of a memory chip by single
power source becomes possible. In this case, of course, a
step-up circuit for generating high positive voltage (12V)
and a step-down circuit for generating negative voltage
(-9V) are necessary. Here, in any case of the data erasing
and the data programming, the voltage difference between
the selected word line and the unselected word line 1s 12V
or less, and even 1f the voltage variation in the internal power
source 15 considered, a MOS transistor having a drain
withstanding voltage of 15V 1s used thereby a decoder
circuit applying voltage selectively to a word line can be
designed. Further, the absolute value of the voltage applied
to the well layer 1s about 3V, and the disturb withstanding
property to the thickness of the gate insulation film of 7 nm
or more can be secured sufliciently in the case of data
reading, data erasing and data programming. Also the drain
region and the source region need to be formed 1n
asymmetry, and the miniaturization of the memory cell can
be intended and the process can be simplified. In addition, 1n
this embodiment, although a method of realizing the data
programming and the data erasing 1n unit of the word line 1s
shown, several word lines may be bundled and made a block
and the erasing may be performed in this unit. This block
erasing method leads to the moderating of the condition
shown 1n FIG. 7 and FIG. 8, and thereby avoids problems
assoclated therewith.

<Embodiment 2>

A second embodiment of the present invention will be
described using FIG. 5. This embodiment uses case 2 among
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the data erasing conditions shown 1n FIG. 8, in which the
voltage condition of the data erasing 1s made the condition
shown 1n FIG. 5. In FIG. 5, a selected word line 1s made W1,
and memory cells M1-1 and M1-2 are erased simulta-
neously. The selected word line W1 1s supplied with -12V,
an unselected word line W2 1s supplied with 0V, and a well
WEL 1s supplied with 3V. Switching elements SW1 and
SW2 constituted by MOS transistors are set to the off-state,
and drain of each memory cell 1s set to 3V. If such voltage
condition 1s set, in the memory cells M1-1 and M1-2, a
strong electric field 1s applied to the whole surface of a gate
insulation film between a floating gate and a channel region
and electrons are ejected from the floating gate to the
channel region, and the threshold voltage of the memory cell
can be set to a range of 0.5V—-1.5V. In similar manner to FIG.
1, this lower position threshold voltage state 1s defined as the
erasing state.

In this embodiment, -12V and 3V are used as voltages
during the data erasing period, and since 3V 1s the power
source voltage, 1t 1s seen that the voltage to be generated
within the chip may be =12V only. Also 1n this embodiment,
since the data programming and the data erasing are per-
formed using the F-N tunnel phenomena, the external power
source of the semiconductor chip can be made single, and,
of course, the data programming and the data erasing are
possible 1n umit of the word line. Also smce the data
programming and the data erasing are performed using the
whole surface of the channel region, the drain region and the
source region can be formed mutually 1n symmetric struc-
ture and the memory cell can be miniaturized.

<Embodiment 3>

A third embodiment of the present invention will be
described using FIG. 10 and Table 1. In this embodiment, 1n
comparison with the first embodiment shown 1n FIG. 1, a
switch by way of a MOS transistor 1s added to each data line
in similar manner to the provision of a MOS ftransistor
switch at each source line. That 1s, as shown 1n FIG. 10, each
of local data lines D1', D2' 1s connected through switching
clements SW1', SW2' constituted by MOS transistors to
cach of main data lines D1, D2. Table 1 shows the voltage
condition of each signal line.

TABLE 1
Symbol Wiring FErase Program Read
W1 selected word line -9V 12V 3V
W2 unselected word line 3V 0V 0V
WEL well wiring 6V -3V 0V
D1/D2 data line 6V -3 Vi3V 1V
CS common source line 6V 0V 0V
ST COMmMOn wiring 6V -3V 3V
(source side)
ST COMmMOn wiring 6V 6V 3V

(data side)

Operation of this embodiment 1s stmilar to that of the first
embodiment 1n the present invention, and particularly a
signal voltage to control a switch at the data line side is
newly added to a common wiring ST'. Since the switching
elements SW1', SW2' at the data line side (similarly to that
of switching elements SW1, SW2 on the source line side)
are formed within the same well layer as the memory cell,
in order to transmit the main data line voltage of 3V to the
local data line during the data programming period, 6V 1is
applied to the common wiring ST'. This voltage 1s provided
considering the substrate bias effect of the MOS transistors
constituting the switching elements SW1', SW2'
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A region partitioned by the switching elements (SWI,
SW2) at the source line side and the switching elements

(SW1', SW2") at the data line side shall be called a block. In
FIG. 10, within the block, only two word lines W1 and W2
exist for convenience, but it 1s preferable 1n designing a
decoder circuit at the word line side that the actual number
of word lines assigned to a block be the n-th power of 2, such

as 16, 32, 64, efc.

In this embodiment, since the number of the memory cells
connected to the data line 1s divided by the block, the data
line capacitance reduced and the charge/discharge current of
the data line using the internal power source 1s reduced.

<Embodiment 4>

A fourth embodiment of the present invention will be
described using FIG. 11-FIG. 13 and Table 2. In this
embodiment, a semiconductor memory device 1s formed on
an SOI substrate formed, for example, by a wafer bonding,
method, and an example of performing the operation of the
present invention 1s shown. As shown 1n FIG. 11, on the SOI
substrate, 1.e., a semiconductor substrate 10 made of silicon,
a silicon oxide film region 21 and a silicon layer 22 are
formed, and the silicon layer 22 is made a well layer (p-type
diffusion layer region). An active region of a memory cell is
formed within the well layer. A memory cell 1solation region
5 formed by the oxidation process 1s formed to attain the
region 21, and the active region of each memory cell is
clectrically separated. In addition, FIG. 11 shows a sectional
structure taken on line A—A' of a layout diagram in FIG. 13
described later.

FIG. 12 shows a configuration example of a circuit
adopting memory cells having a structure of FIG. 11. The
circuit configuration 1s based on the third embodiment, but
the first embodiment may be applied and the MOS transistor
at the data line side may be omitted. In this embodiment,
since a strong electric field must be generated by the voltage
difference between the voltage supplied to the well layer and
the voltage of the floating gate so that the tunnel phenomena
are generated 1n the gate msulation film, the voltage for the
data erasing and the data programming must be applied to
the well respectively. In this embodiment, the well layer
separated 1n each data line 1s connected to the common line
CS, and the voltage 1s supplied from the common source line
CS to the well layer. Table 2 shows the voltage condition of
the operation.

TABLE 2
Symbol Wiring Erase Program Read
\\ selected word line -9V 12V 3V
w2 unselected word line 3V 0OV 0V
D1/D2 data line 6 V -3 Vi3V 1V
CS common source line 6 V -3V 0V
ST COMmMOon wiring 6 V -3V 3V
(source side)
ST common wiring 6 V 6 V 3V

(data side)

Particularly, during the data programming period, the
voltage of the common source line CS 1s made -3V hence
the voltage of the well layer 1s made —3V. Since the source
line formed 1n each data line must also be 1n the open state,
-3V 1s applied to the common wiring ST and the MOS
transistor at the source side 1s made the off-state.

FIG. 13 shows an example of layout of the circuit shown
in FIG. 12. A gate wiring 33 (common wiring) of a MOS
transistor at the drain side, a gate wiring 32 (common
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wiring) of a MOS transistor at the source side and a word
line 34 are formed within a block 37. In this embodiment, an
example of two word lines 1s shown, but the invention 1s not
limited to this. The memory cell region 1s electrically
separated by a memory cell 1solation region 31, and a
floating gate 35 1s formed within an active region under the
word line 34. Parallel-connected memory cells, connected to
a local data line, are formed 1n each p-type diffusion layer
region 36 (well layer). Except for the memory cell isolation
region 31, the p-type diffusion layer region 36, the memory
cell and the channel region of the MOS transistor, the
surface of the semiconductor substrate 1s covered by the
n-type diffusion layer. The data line 1s connected through a
second layer wiring 41, a through hole 39, a first layer wiring
42 and a contact 38 to an n-type diffusion layer covering the
silicon substrate, and 1s connected through a MOS transistor
(under the gate wiring 33) to an n-type diffusion layer at the
drain side (local data line and drain). A common source line
connected through a first layer wiring 44 and a contact 45 to
an n-type diffusion layer covering the surface of the semi-
conductor substrate, and 1s connected through a MOS tran-
sistor (under the gate wiring 32) to an n-type diffusion layer
at the source side (source line and source). Further the
common source line 1s electrically connected through the
first layer wiring 44 and a contact 43 to a region where a
p-type diffusion layer 40 1s formed. Thus m each column, a
contact region supplying voltage to a well layer 1s provided,
and the erase of the memory cell 1s made easy.

In this embodiment, making the most of the feature of the
SOI substrate, the active region 1s electrically separated 1n
cach memory cell connected in parallel to the local data line,
and the command for the memory cell 1solation region such
as the high threshold voltage or the high withstanding
voltage required 1n the nonvolatile semiconductor memory
device can be satisfied.

According to the present invention, the programming of
data and the erasing of data can be respectively performed
simultaneously for a plurality of memory cells connected to
one word line. That 1s, since unit of the data programming
and unit of the data erasing are equal, when the program-
ming of data i1s performed, the data erasing may be per-
formed for the word line only, and the data erasing for the
memory cell data on other word line as seen 1n the block
crase 1n the prior art need not be performed.

Also since the 1njection and the ejection of electrons due
to the F-N phenomena of the whole surface of the channel
region are utilized for the data programming and the data
erasing, the mutual asymmetric structure need not be used
for the drain region and the source region. Consequently,
when the process technology of 0.25 um or less 1s used for
example, elongation of the dram region and the source
region can be made about 0.5 um respectively 1n symmetry,
and the channel length of about 0.1 um can be secured. As
a result, the memory cell having the gate length of 0.2 um
can be manufactured.

Further 1n any case of the data programming and the data
erasing, since the voltage 1n the channel region 1s uniform,
generation of a leak current (band-to-band tunneling current)
in the drain region 1s prevented, and deterioration of the
insulation film attendant on the leak current can be avoided.

Thus the problems 1n the semiconductor memory device
in the prior art are eliminated, and the high integration
semiconductor memory device of 256 mega bits or more can
be realized.

It 1s further understood by those skilled in the art that the
foregoing description 1s a preferred embodiment of the
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disclosed device and that various changes and modifications
may be made 1n the invention without departing from the
spirit and scope thereof.

What 1s claimed 1s:

1. In combination with a semiconductor memory device
comprising memory arrays connected in parallel,

wheremn each memory array has a plurality of memory
cells which are electrically erasable and programmable,
comprising MOS field effect transistors each having a
control gate, a floating gate, a gate insulation film, a
drain region and a source region formed on a semicon-

ductor substrate, which are arranged 1n a matrix includ-
ing plural rows and columns of memory cells over a
surface of said semiconductor substrate,

the control gates of memory cells 1n a single row are
connected to each other by a word line corresponding,
to that row,

the drain regions of memory cells 1n a single column are
connected to each other by a data line corresponding to
that column, and

the source regions of memory cells 1n a single column are
connected to each other by a source line corresponding,
to that column,

the 1improvement which comprises a parallel type non-
volatile semiconductor memory device characterized 1n
that:
cach of said memory cells 1s comprised of one of said
MOS field effect transistors, the MOS field effect
transistors of memory cells disposed in each column
having both the drain region and the source region
thereof formed within a well layer, common to that
column, formed on said semiconductor substrate
which 1s of a first conductivity type, said well layer
having the same conductivity type as that of said
semiconductor substrate and being electrically sepa-
rated from said semiconductor substrate,
well layers of memory cells associated with ditferent
columns are commonly connected through well
wiring,
cach said source line has a switching element con-
nected thereto, said switching element comprising a
MOS transistor having a drain region and source
region thereof formed within the well layer of that
column, and each said source line being connected
through said switching element connected thereto to
a common source line,
said memory cells are divided into a plurality of blocks
cach of which has, in each column associated
therewith, memory cells which are connected
thereto, a respective said source line and a respective
said switching element and has a rate wiring by
which rates of switching elements in the correspond-
ing block are connected to each other,
all switching elements of a block are driven by the gate
wiring thereof and are held to an off-state during the
data erasing period and during the data programming
period of that block, and
cach of said memory cells has a channel region under
the floating gate the entirety of which 1s used to
generate the Fowler-Nordheim tunnel phenomena.
2. A semiconductor memory device according to claim 1,
wherein, 1n each of the MOS transistors of said plurality of
memory cells, the drain region and the source region,
formed within said well layer, have a mutually symmetric
structure.
3. A semiconductor memory device according to claim 1,
wherein the memory cells of one column, connected to one
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data line, and the memory cells of two other columns which
are adjacent to said one column and are connected to two
other data lines, respectively, are electrically insulated from
cach other by a memory cell 1solation region disposed at the
side of the drain regions and a memory cell 1solation region
disposed at the side of the source regions, and

said switching element of a column 1s disposed between
the memory cell 1solation region at the side of the drain
regions 1n that column and the memory cell 1solation
region at the side of the source regions in that column.
4. A semiconductor memory device according to claim 1,
wherein a latch circuit previously storing data to be pro-
crammed 1n a memory cell 1s provided 1n each data line.
5. A method of using a semiconductor memory device
according to claim 1, which comprises the steps of:

in the case of data erasing,
applying a prescribed positive voltage to the well
wiring, and
applying a different prescribed voltage, more negative
than said positive voltage to a selected word line; and

in the case of data programming,

applying a prescribed negative voltage to the well
wiring,

applying a different prescribed voltage, more positive
than said negative voltage to the selected word line,

applying a voltage comparable to the voltage applied to
the well wiring to a selected data line, and

clectrically 1solating the source lines corresponding to
different columns of memory cells from each other
and holding each source line to an open state.

6. A method of using a semiconductor memory device
according to claim §, wherein during the data erasing period,
an intermediate voltage between that of the voltage applied
to the selected word line and the voltage applied to the well
wiring 1s applied to an unselected word line, and during the
data programming period, an intermediate voltage between
that of the voltage applied to the well wiring and the voltage
applied to the selected word line 1s applied to an unselected
word line, and a prescribed positive voltage 1s applied to an
unselected data line.

7. A method of using a semiconductor memory device
according to claim 6, wherein the intermediate voltage to be
applied to the unselected word line during the data program-
ming period 1s a voltage not exceeding the substrate voltage.

8. A method of using a semiconductor memory device
according to claim 6, wherein, during the data erasing
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period, the data lines are held to a positive voltage compa-
rable with the voltage applied to the well wiring or held to
an open state.

9. A method of using a semiconductor memory device
according to claim 6, wherein the source lines corresponding,
to different columns of memory cells are electrically 1solated
from each other and held to the open state during the data
erasing.

10. A method of using a semiconductor memory device
according to claim 5, wherein in the case of data erasing,
data programming and data reading, the voltage applied to
the well wiring and the voltage applied to the common
source line are made equal.

11. A method of using a semiconductor memory device
according to claim 6, wherein during the data programming,
period, the voltage applied to a well layer including a latch
circuit and the voltage applied to the well layer of the
memory cell for the data programming operation are made
equal, said latch circuit, which 1s for storing data to be
programmed 1n a memory cell, 1s provided for each data line.

12. A semiconductor memory device according to claim 3,

wherein each said data line has another switching element
connected thereto, said another switching element com-
prising a MOS ftransistor having a drain region and
source region thereof formed within the well layer of
that column of memory cells, and each of said another
switching element connecting a local data line, con-
nected to a corresponding column of memory cells, to
a main data line, and

cach of said blocks further has, in each column associated
therewith, said data line and a respective said another
switching element, said another switching element of a
column being disposed between the memory cell 1s0-
lation region at the side of the drain regions in that
column and the memory cell 1solation region at the side
of the source regions 1n that column.

13. A method of using a semiconductor memory device
according to claim 9, wherein the voltage applied to a gate
terminal of the switching element connected to each source
line 1s equal to the voltage applied to the well wiring, and the
voltage applied to the common source line 1s equal to or
more positive than the voltage applied to the gate terminal.
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