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SEMICONDUCTOR MEMORY DEVICES

The present invention relates to a semiconductor memory
device, and more particularly to a flash memory. The flash
memory can rewrite information by electric erasing and writing.
Memory cells can be formed by a transistor. All memory cells or
memory cell blocks can be electrically erased in a group. In the
flash memory, the time for rewriting data can be shortened by the
group erasing function.

Figs. 13 to 16 show the sectiomal structure of the flash
memory in each operating state, wherein a field effect tramsistor
having a two—layer gate structure, which is formed on a P.type
silicon substrate SUB, is shown as the flash memory. The field
effect transistor has a floating gate FG, a control gate CG, a
source S and a drain D.

Information is written to the memory cell by injecting bot
electrons generated in the vicinity of the drain into the
floating gate FG to increase the threshold as shown in Fig. 13.
In this case, the control gate CG has a potential of 6 V, the
drain D has a potential of 5 V, and the source S and the
substrate SUB have a potential of 0 V. The memory cell is erased
by draﬁing chafges from the flda%ing gate FG to the sourbe S to
decrease the threshold by a FN (Fowler Nordhein) tuﬂnel current
_éé_sﬁown in Fig. 14. .In fhis case, the control gate CG and the

‘'sibstrate SUB_ have a ground potential of QV, the drain D'is open
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and the source S has a potential of 12 V. When the erasing
operation has been applied for a long time, the memory cell is
brought into the overerase state. Even though the potential of
the control gate CG is set to 0 V, the memory cell transistor
keeps the ON state.

A reversal operation to be described below can eliminate the
overerase state. As shown in Fig. 15, the reversal of the memory
cell is performed by injecting the hot electrons generated in the
vicinity of the drain into the floating gate FG to increase the
threshold in the same manner as writing. In this case, the
control gate CG has a potential of 0 V, the drain D has a
potential of § V, and the source S and the substrate SUB have a
potential of 0 V.

First of all, the memory cell is in the overerase state.
Consequently, a current flows in the ON state even though the
control gate CG has a potential of 0 V. When the hot electrons
generated in the vicinity of the drain D are injected into the
floating gate FG, the threshold gradually approaches 0 V from a
negative vpltage. When the threshold reaches about OV, the
current stops flowing to the memory cell and the hot electrons
are not generated. For this reason, the threshold does not
éxcéed 0 V. Thus, the overerase state is- eliminated.

The memory cell is read out by setting the control gate CG

to 5V, the sour@e S and thé'substrate'SUB to-a grbund potential -

0V, and the drain D to 1 V as shown in Fig. 16. ' It is decided .
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whether data is 0 or 1 depending on the current flow from the
drain to the memory cell. When negative charges are accumulated
in the floating gate FG, the current does not flow to the memory
cell. In this case, the data is set to 0. When the negative
charges are not accumulated in the floating gate FG, the cur;ent
flows to the memory cell. In this case, the data is set to 1.

In the prior art, the reversal of the memory cell is carried
out to eliminate the overerase state. Iﬂ the read state, it is
possible to increase a difference between the ON current which
flows to the memory cell 'in the erase state and the offleak
current which flows to the memory cell in the write state.

Fig. 17 shows the threshold of a memory cell transistor
based on the above-mentioned operation. Fig. 18 shows the
relationship between the time for the reversal operation and the
offleak current of the memory cell. As is apparent from Fig. 18,
the offleak current of the memory cell is decreased.when the time
for the reversal operation is increased, and is saturated at a
certain value.

Fig. 19 shows the structure of a circuit of a memory.cell
array block BLKn. Fig. 20 shows the circuit structure of a |
memory device having four memory cell array blocks arranged
thereon. Fig. 21 shows the control signal timing of the reversal
dperation of the whole circuit'shown-in Fig. 20.

_Thé.mémor& deﬁicé éccordipg_to tﬁe prior ért comprises four

- memory o&11 - array blécks BLKO to BLK3. The reversal operation is
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sequentially performed for each block. A circuit shown in Fig.
19 will be described briefly. WLO to WL255 designate word lines.
BLO to BL63 designate bit lines. CGO to CG63 designate column
selection gates. DL designates a data line. RVGOO designates a
full group reversal control gate. SCO0 designates a source
control gate. SOUOO designates a common source node. VSS
designates a ground voltage. SA designates a sense amplifier
circuit. DVS00 designates a reversal voltage supply circuit. Qn
designates an N channel MOS tramsistor. Qm designates a memory-
cell transistor.

The drains of memory cells on the different word lines are
connected to a bit line. The sources of memory cells on the same
word line are conﬁected to the common source node SOU00. The
common source node SOUOD is comnected to the ground voltage VSS
through the N channel MOS tramnsistor Qn having the source control
gate SC00. Each bit line is connected to the reversal voltage
supply circuit DVSOC through the N channel MOS transistor Qn
having.the common full group reversal control gate RVG0O.

Each bit line is comnected to the data line DL through the N
channel MOS transistor Qn having column selection gates CGO to
CG63. The data line DL is connected to the sense amplifier
circuit SA. The reversal operation is performed by éetting the
full grbup reversal control gate RVGOO;tQ a ;ogical voltage “H" -
to supply;a reversai VO}tage from thg réversalzyoltage supply -

" circuit DVS00' to the bit lines BLO to BL63. |
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As shown in Fig. 21, the full group reversal control gates
RVGOO tb RVG30 are sequentially set to the logical voltage “H” so
that the reversal operation is performed for the memory cell
array blocks BLKO to BLK3 shown in Fig. 20. The reversal
operation may be simultaneously performed for the whole device by
setting the full group reversal confrol gates RVGOO to RVG30 to
the logical voltage “H” at the same time. |

The inventors have found that the following problems arise
if all the flash memory cells or all the memory cell array blocks
are reversed in a group. Specifically, a lot of current flows
from the drains of all the memory cells to the sources thereof at
once. Consequently, a voltage drop is caused by the resistance
components that form the node of the source so that the potential
of the source is raised. An increase in the potential of the
source reduces the difference in voltage between.the drain and
source of the memory cell. Consequently, the current flows with
difficulty as compared with the case where the potential of the
source is not raised. If the current flows with difficulty, hot
electrons are not often genmerated so that the reversal operation
is not performed efficiently. In other words, the time for the
reversal operation to control the offleak current of the memory
celi ig increased or the offlea£ curreﬁt 6f the memory cell '
cannot fully be controlled.

.. The present invention provides a semicdnductér-meﬁory

" device, comprising a memory céll-array having a plurality of =~
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flash memory cells arranged in a matrix, the flash memory cells
sharing a source, reversal voltage applying means for applying a
voltage to drains of the flash memory cells, a divider for
dividing a plurality of drains of the flash memory cells into a
plurality of groups, and a selector for selecting some groups to
whicﬁ the reversal voltage applying means is connected at the
same time.

Furthermore, the present invention provides a method for
controlling the semiconductor memory device which comprises a
memory cell array having a plurality of flash memory cells
arranged in a matrix, the flash memory cells sharing a source,
reversal voltage applying means for applying a voltage to draiﬁs
of the flash memory cells, a divider for dividing a plurality of
drains of the flash memory cells into a plurality of groups, an&
a selector for selecting some groups to which the reversal
voltage applying means is comnected at the same time, the method
comprising the steps of performing the reversal operation a
plurality of times, and sequentially decreasing the number of
groups selected by the selector. More specifically, the reversal
operation is first performed for a lot of groups at the same time
to sequentially decrease tﬁe number of groups to be selected.
For'examplé, the fﬁll group reversal operati@ﬁ,‘the pa;tial group
reversal operation and thelline reversal operation can fully |
- control tﬁé offleak qufrént_of tﬁe memory ceilsin a shprf timeé

The present invention proviﬂeé'another'semiéoﬁddetbr'mémbry“'
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device, comprising a plurality of memory cell arrays having a
plurality of flash memory cells arranged in a matrix, the flash
memory cells gharing a source, each memory cell array including
reversal voltage applying means for applying a voltage to drains
of the flash memory cells, a divider for dividing a plurality of
drains of the flash memory cells into a plurality of groups, a
selector for selecting some groups to which the reversal voltage
applying means should be connected at the same time, and a
control circuit for simultaneously selecting the selector of the
memory cell arrays.

Thus, the respective groups of the memory cell arrays are
selected at the same time so that the reversal operation is
performed. By performing the reversal operation for each memory
cell array block in parallel, the offleak current of the memory
cell can be controlled fully without increasing the time for the
entire reversal operation, even through the number of the memory
cell array blocks is increased.

It is preferable that division into groups in the memory
cell array should be performed in such a manner that an increase
in source potential is the smallest, irrespective of the selected
group.
| If the node of the source is.a gfoﬁndiné voltage éupply of
word line driving means for controlling the gate of the flash
- memory céll: the potential of iﬁe_wotd.line is réised ab¢ording

' to the increase in the source potential. 4&s a result, hot
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electrons which are generated cause the reversal operation to be

performed. Accordingly, the reversal operation can be performed

at a high speed and the offleak curremt of the memory cell can be
controlled fully.

The present invention provides yet another semiconductor
memory device, comprising a memory cell array in which a
plurality of word lines comnected to the gates of flash memory
cells, a plurality of bit lines connected to the drains of the
flash memory cells, and the sources of the flash memory cells
that are shared in the direction of the word line are arranged in
a matrix, and a source voltage supply, wherein the source shared
in the direction of the word line and the source voltage supply
are selectively commected by a signal for selecting the word
line. By selectively commecting the source shared in the
direction of the word line and the source voltage supply by the
signal for selecting the word line, the influence of the offleak
current of the mémory cell on a non—selected word line can be
reduced.

It is preferable that the shared source should be selected
by a plurality of word lines. Consequently, the influence of the
offleak current of the memory cell on the non-selected word line
can be.reduced.with the sﬁaller layout area. Furtheimpre,nit is
preferable that the word line should include'a first wiring layer
Lthatifofms.the gate bf'the flash'memqry.cell, and a second wiring

‘iayer, the shared source being comnectéd by the secord wiring -
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layer. For éxample, the second wiring layer having a low
resistance causes the word line signal to be delayed and the
source signal line to have a low resistance. Thus, it is
possible to reduce the time for the reversal operation and the
influence of the offleak current of the memory cell.

Figure 1 is a circuit diagram showing a memory cell array of
a semiconductor memory device according to a first embodiment of
the present invention;

Figure 2 is a chart showing the operation timing of the
semicoﬁductor memory device shown in Figure 1;

Figure 3 is a chart showing the relationship between the
time for the reversal operation and the offleak current of a
memory céll of the semiconductor memory device shown in Figure 1;

Figure 4 is a block diagram showing the structure of a
memory cell array of a semiconductor memory device according to a
second embodiment of the present invention;

Figure 5 is chart showing the operation timing of the
semiconductor memory device shown in Figure 4;

Figure 6 is a circuit diagram showing a memory cell array of
a semiconductor memory device according to a third embodiment of
the present invention;

Figure 7 is a chart showing the operatioﬁ timing of the
semiconductor memory device -shown in Figure 6;

Figu:e.S is a circuit diagram showing_é memory-geli-érpay 6f_'

a semiconductor mémory device .according to a fourth embodiment of
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the present invention; .

Figure 9 is a chart showing the operation timing of the
semiconductor memory device shown in Figure 8;

Figure 10 is a chart showing the relationship between the
time for the reversal operation and the source voltage of a
memory cell of the semiconductor memory device shown in Figure §;

Figure 11 is a circuit diagram showing a memory cell array
of a semiconductor memory device according to a fifth embodiment
of the present invention;

Figure 12 is a diagram showing the layout of the memory cell
array of the semiconductor memory device shown in Figure 11;

Figure 13 is a sectional view for explaining the writing
operation to a memory cell of a flash memory;

Figure 14 is a sectional view for explaining the erasing
. operation of the memory cell of the flash memory;

Figure 15 is a sectional view for explaining the reversal
operation of the memory cell of the flash memory;

Figure 16 is a sectional view for explaining the reading
operation of the memory cell of the flash memory;

Figure 17 is a chart showing the threshold of a memory cell
transistor for each operation of the flash memory;

Figure 18 is a chart showing'the.relationship between the
time for the reversal operation and the offleak current of a
méﬁory celliof_a flash hemory aécording to'ihe prior art;

Figure 19 is a circuit7diagram-shbﬂing-a memory cell drray
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of the flash memory according to the prior art;

Figure 20 is a block diagram showing the structure of the
memory cell array of the flash memory according to the prior art;
and

Figure 21 is a chart showing the operation timing of the
flash memory according to the prior art.

Preferred embodiments of the present invention will be
described below with reference to the drawings.

(First Embodiment)

Fig. 1 is a diagram showing the circuit structure of a
memory cell array block BIKn. Fig. 2 is a charf showing the
control signal timing of the reversal operation of the circuit
shown in Fig.1. Fig. 3 is a chart showing the relationship
between the time for the reversal operation and the offleak
current of the memory cell.

The circuit diagram of Fig. 1 will be briefly described
below. WLO to WL255 designate word lines. BLO to BL63 designate
bit lines. CGO to CG63 designatercolumn selection gates. DL
_designates a data line. RVG0OO and RVGOl designate full group
reversal control gates. SCO0 designates a source control gate.
SOUOO designates a common source node. VSS designates a ground
vﬁitage. -SA designates a éehsé émplifier gircuit. DVS00 énd
DVS01 designate reversal voltage supply circuits. Qn designates
an N channe1.MOS transistor. Q@ designates a memory celll

" transistor.
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The drains of corresponding memory cells on the different
word lines are connected to a bit line. The sources of memory
cells on the same word line are connected to the common source
node SOUOG. The common source node SOUQO is commected to the
ground voltage VSS through the N channel MOS transistor Qn having
the source control gate SC00. Each bit line is connected té the
reversal voltage supply circuit DVSOO.through the N channel MOS
transistor Qn having the full group reversal control gate RVG0O
or the N channel MOS tramsistor Qn having the common full group
reversal control gate RVGOl.

Each bit line is comnected to the data line DL through the N
channel MOS transistor Qn having column selection gates CGO to
CG63. The data line DL is comnected to the sense amplifier
circuit SA and the reversal voltage supply circuit DVS0l. In the
first embodimept, three kinds of reversal operations are
performed.

First, the full group reversal control gates RVGOO and RVGO1l
are set to a logical voltage “H”. Consequently, the memory celis.
on all the bit lines of the memory cell array block BLKn are
connected to the reversal voltage supply circuit DVS00 so that
the full group reversal operation is performed. Second, only one
of'the full group reversal contfél géteé RVGOO and RVGO1 is sét
to the logical voltage “H”. Conseqﬁently, the memory cells on
the b1t 11nes hav1ng elther even or odd numbers of the memory

cell array block BLkn are: connected to the reversal voltage '
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supply circuit DVS00 so that the partial group reversal operation
is performed. .Third, by selecting one of the column selection
gates CGO to CG63 to be set %o the logical voltage “H”, the
selected bit line is commected to the reversal voltage supply
circuit DVSO01. The line reversal operation of the memory cell
comnected to the bit line is performed.

Fig. 2 is a timing chart in which the above-mentioned three
reversal operations, that is, the full group reversal operation,
the partial group reversal operation and the line reversal
operation are performed in this order. Only the full group
reversal operation camnot fully control the offleak current of
the memory cell as described as a problem of the prior art (see a
curve 31 of Fig. 3). On the other hand, the line reversal
operation can fully control the offleak current of the memory
cell as shown by curve 32 of Fig. 3. However, it takes a
significant time to fully control the initial offleak current of
the memory cell because the line reversal operation is performed
for each bit line.

In the first embodiment, the above-mentioned three kinds of
reversal operations are performed. In other words, the full
group reversal operation is first performed at a high speed, the
partiﬁl grbﬁp reversal operéfion is then pérformed. and fhe line
' reversa1 operation is fipally performed. Consequently, high-
speed opergtioné can belpepforméd and the 6ffleék current of.thé

" memory cell -can be controlled fullYfas-shoﬁn by curve 33 of Fig.
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While the three kinds of reversal operations have been used
in the first embodiment, the region of the reversal operation and
the like can be changed depending on the reversal characteristics
of the device, the size of the memory cell array block, and the
source resistance.

(Second Embodiment)

Fig. 4 shows the structure of the whole circuit in which the
memory cell array blocks BLKO to BLK3 are provided. Fig. 5§ shows
the timing of a control signal in the reversal operation of the
whole circuit shown in Fig, 4. CGO to CG255 designate column
selection gates, and RVGOO to RVG31 designate full group reversal
control gates. | )

In the operation according to the second embodiment, the
operation of a memory cell array block according to the first
embodiment is performed for the memory cell array blocks BLKO to
BLK3 in parallel. In the same manner as in the first embodiment,
the following three kinds of reversal operations are performed.
By setting the full group reversal control gates RVGOO, RVGO1,
RVG10, RVG11l, RVG20, RVG2i, RVG30 and RVG31 to a logical voltage
“H”, the full group reversal operation can be performed for the
MEmOry ceils on all the bit lines of thé memory cell.arfay blocks-
BLKO to BLK3..

By setting either of fhe full group réversql control gates

- RVGDO, RVG10, RVGéO'and RVG30 and the full group reversdl control’
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gates RVG01l, RVG11l, RVG21 and RVG31 to the logical voltage “H”,

the full group reversal operation can be performed for the memory
cells on the bit lines having either even or odd numbers of the
memory cell array blocks BLKO to BLK3.

By selecting one of each of the column selection gates CGD
to CG63, CG64 to CG127, CG128 to CG191, and CG192 to €G255 to be
set to the logical voltage of “H”, the line reversai operation
can be performed for the memory cell on the selected bit line.

According to the second embodiment, the reversal operation
can be performed for each memory cell array block in parallel and
the offleak current of the memory cell can be controlled fully
without increasing the entire time for the reversal operation
even though the number of the memory cell array blocks is
increased. |
(Third Embodiment)

Fig. 6 shows the circuit structure of the memory cell array
block BLKn. Fig. 7 shows the control signal timing of the
reversal operation of the circuit in Fig. 6.

The circuit diagram of Fig. 6 will be briefly described
below. WLO to WL255 designate word lines. BLO to BL63 designate
bit lines. €GO to CG63 designate column selection gates. DL
| designates é data line;. RVGdO.to RVGOB desigﬁate.pértial érouﬁ
-reversal chtrol gates. - SCO0 designates a source control gate.
beUdO designatés a;&omﬁon squrgehnodé. VSS designates a ground

voltage. SA designateé a sense amplifier circuit. DVS00
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designates a reversal voltage supply circuit. Qn designates an N
channel MOS transistor. Qm designates a memory cell tramsistor.

The drains of respective memory cells on the different word
lines are connected to a bit line. The sources of memory cells
on the same word line are connected to the common source node
SOU00. The common source node SOUOO is comnected, in two places,
to the ground voltage VSS through the N channel MOS transistor Qn
having the source control gate SC00. Every four bit lines are
connected to the reversal voltage subply circuit DVS00 through
the N channel MOS transistor Qn having the common partial group
reversal control gates RVGOO to RVG03. Each bit line is
connected to the data line DL through the N channel MOS
transistor Qn having column selection gates CGO to CG63, and the
data line DL is comnécted to the sense amplifier circuit SA.

The reversal operation according to the third embodiment is
performed by setting all the partial group reversal control gates
RVGOO to RVGO3 to a logical voltage “H” in the same manner as in
the first embodiment. The memory cells on all the bit lines of
the'memory cgll array block BLKn are comnected to the reversal
voltage supply circuit DVSO0 so that the full group reversal
operation is performed. By selectively setting a part of the
partial group reversal cdntrél gates RVG0O to RVGO3 to the
logical voltage “H”, memory oells-on a quarter, half.or three
fourths of the'bit.iines of the memory pgl} érray block BLKn are

" comnected to the reversal voltage supply circuit DVS00 so that
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the partial group reversal operation is performed.

Fig. 7 shows the timing of the partial group reversal
operation. The partial group reversal control gates RVGO0O to
RVGO3 are sequentially set to the logical voltage “H” so that the
reversal operation is performed for every quarter of memory cell
array block BLKn.

In the third embodiment, every four bit linmes controlled by
the same control gate are uniformly formed. For example, if the
only the partial group reversal control gate RVGOO is set to the
logical voltage “H”, a current flows to the ground voltage VSS
portion through the common source node SOUOO because the common
source node SOUOO has a parasitic resistance. As a result, the
source of the memory cell which is farther from the ground
voltage VSS and has a greater parasitic resistance of the common
source node SOUOO has a greater increase in potential. More
specifically, the source of the memory cell on the bit line BL32
has the greatest increase in potential.

Due to an increase in the source potential, the reversal
operation camnnot be performed guiékly and the offleak current of
the memory cell camnot be controlled fully. The bit lines where
the reversal operation is performed are provided uniformly in
such a ﬁannef that the maximum valu;s of the increase in the
source potential are almost equal to_one;another even though ény
. of the péffial group-reQersal confrol gates RVGOO to RVGO3 is
selected. -Thejarrangement-of.the.bit_liﬁes in which the maximum’
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values of the increase in the source potential are almost equal
to one another is not restricted to the arrangement of the third
embodiment. As in the first embodiment, it is possible to
lconnect the reversal voltage supply circuit to the data line DL
so as to be also used for the line reversal operation for
selecting the column selection gates CGO to CG63.

With the structure of the arrangement of the bit lines
according to the third embodiment, the partial group reversal
operation can be performed more quickly and the offleak current
of the memory cell can fully be controlled.

(Fourth Embodiment)

Fig. 8 shows the circuit structure of a memory cell array
block BlKn. Fig. 9 shows the relationship between the time for
the reversal operation and the offleak current of a memory cell.
Fig. 10 shows the relationship between the time for the reversal
operation and a source voltage.

"The circuit diagram of Fig. 8 will be briefly described
below. WLO to WL255 designate word lines. BLO to BL63 designate
bit lines. CGO to CG63.designate column selection gates. DL
designates a data line. RVGOD designates a full group reversal
control gate. SCO00 designates a source control gate. SO0UOO
designates”a common source nbde. VSS designateé a ground
voltage. SA designates a sense amplifier circuit. DVS00 and
DVS01 designatg reversal.voltage sﬁpply circuifs. Qn desigﬁates;

an N-Channgl MﬂS’tﬁanSiStor.'-Qm designates a memory cell
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transistor.

The drains of memory cells on the different word lines are
connected to a bit line. The sources of memory cells on the same
word line are comnected to the common source node SOUCO. The
common source node SOUO0 is comnected to the groﬁnd voltage VSS
through the N channel MOS tramsistor Qn having the source control
gate SC00. Each bit line is connected to the re%ersal voltage
supply circuit DVSQ0 through the N channel MOS tramsistor Qn
having the common full group reversal control gate RVGOO or the N
channel MOS transistor Qn having the common full group reversal
control gate RVGOIL.

Each bit line ié connected to the data line DL through the N
channel MOS transistor Qn having colum seléction gates CGO to
CG63. The data line DL is connected to the sense amplifier
circuit SA. A word line driving circuit 81 comprises an N
channel MOS transistor Qn and a P chammel MOS tramsistor Qp in.
which the control sigmals WCO to WC255 are gate signals. The
source of the N channel MOS transistor Qn is connected to the
common source node SOUO0 as a ground voltage supply. The
reversal operation is performed in the same manner as in the
first embodiment. .

| In the fourth embodiment, the-groﬁnd voitage.supply-of the
vword line drivihg circuit 81 is comnected to the common. source
node SOUQQ. Agpording to such anstruqturgt.if_the'pétenfial qf _

" the source is raised by the reversal operation, the potential of
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the word line is also raised according to an increase in the
potential of the source so that a current easily flows to the
memory cell. At this time, hot electrons are generated. The hot
electrons cause the reversal operation to be performed easily.

When the reversal operation proceeds, the current flows to
the memory cell with difficulty. Consequently, the increase in
the potential of the source is reduced so that the potential of
the word line is set to the ground voltage. In other words, the
reversal operation can be performed more quickly and the offleak
current of the memory cell can be controlled fully. Fig. 9 shows
the relationship between the reversal time and the offleak
current of the memory cell according to the present embodiment as
compared with the prior art. Fig. 10 shows the relationship
between the reversal time and the source voltage in the same
manner as in Fig. 9.
(Fifth Embodiment)

The whole circuit structure shown in Fig. 11 is almost the
same as in the first embodiment. In the fifth embodiment, a
source shared in the direction of a word line and a source
voltage supply are seléctively comected by a signal for
selecting the word line. Consequently, the influence of the
offleak current of.the mémofy cell on a non-selective word line
can be reduced. 'Furthermore, the_shared sourée_is selecteq by a
ﬁlufalitj_qf word lines sp_that.the layout area is reduced and

the word line and the source are comnected by & wiring layer =~
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having a low resistance.

In the circuit shown in Fig. 11, RO to R63 designate low
selection signals, ®W0 to ® W3 designate low boost selection
signals. In the layout shown in Fig. 12, 1 designates an element
isolation region, 2 designates a word line that forms the control
gate of a memory cell transistor, 3 designates a first aluminum
wiring layer that forms a bit line and the like, 4 designates a
second aluminum wiring layer that forms the word line, 4B
designates a wiring layer that forms a source line and is the
same as the aluminum wiring layer 4, 5 designates a contact for
the wiring léyer 3 and a layer provided thereunder, and 6
designates a contact for the wiring layer 4 and a layer provided
thereunder. |

In the fifth embodiment, the sources of word lines WLO to
WL3 are shared. For example, when the low level selection signal
RO is selected at a logical voltage “H”, the shared source line
is connected to a ground voltage supply VSS. Furthermore, one of
the boost selection signals OW0 to ® W3 having a low level is
selectively boosted and the word line corresponding thereto is
selected. In the layout of Fig. 12, the second alumimm wiring 4
is provided as a backing wiring for the word line 2, which forms
the control gate of the memory cell trénsiétor made of |
polysilicon, for examplé. By the same wiring layer, the source
line is fo:hedi_ In  bther'words;'a's§urée line is formed.for'

four word lines that form the control gate of the memory cell
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transistor. Five second aluminum wirings are formed for four
word lines made of polysilicon.

According to such a structure, the resistance of a signal
line can be reduced and the influence of the offleak current of
the memory cell on the non—selective word line can be reduced
with the smaller layout area. As a result, the operation can be
performed with a low voltage at a high speed.

According to the semiconductor memory device of the present
iﬁvention described above, the driving unit of the reversal
operation is variea, for example, in order of the full group
reversal operation, the partial group reversal operation, and the
bit line reversal operation to implement the high-speed reversal

operation that can fully control the offleak current of the

memory cell and to realize a low-voltage operation.
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WHAT IS CLAIMED IS:

1. A semiconductor memory device, comprising:

a memory cell array having a plurality of flash memory cells
arranged in a matrix, the flash memory cells sharing a source;

reversal voltage applying means for applying a voltage to
drains of the flash memory cells;

a divider for dividing a plurality of drains of the flash
memory cells into a plurality of groups; and

a selector for selecting some groups to which the reversal
voltage applying means is comnected at the same time.

2. A method for controlling the semiconductor memory device
which comprises a memory cell array having a plurality of flash
memory cells arranged in a matrix, the flash memory cells sharing
a source, reversal voltage applying means for applying a voltage
to drains of the flash memory cells, a divider for dividing a
plurality of drains of the flash memory cells into a plurality of
groups, and a selector for selecting some groups to which the
reversal voltage applying means is connected at the same time,
the method comprising the steps of:

performing the reversal operation a plurality of times; and

sequentially decreasing the number of groups selected by the
selector. B o |

3. A semiconductor memory device, comprising:

a pluré{ity of memory gell_arpays having a p}urélify Qf i

flash memory cells arranged in a matrix, the flash memory cells
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sharing a source;

each memory cell array including:

reversal voltage applying means for applying a voltage
to drains of the flash memory cells;

a divider for dividing a plurality of drains of the
flash memory cells into a plurality of groups;

a selector for selecting some groups to which the
reversai voltage applying means should be connected at the same
time; and

a control circuit for simultaneocusly selecting the
selector of the memory cell arrays.

4. A semiconductor memory device, comprising:

a memory cell array having a plurality of flash memory cells
arranged in a matrix, the flash memory cells sharing a source;

reversal voltage applying means for applying a voltage to
drains of the flash memory cells; and

a divider for dividing a plurality of the drains of the
flash memory cells into a plurality of groups;

wherein the divider has a structure in which an increase in
source potential becomes smallest when a predetermined group is
selected.

5. A semiconducfor-mémqry device, comprising:'

a memory cell array having a plurality of.flash memory cells
arragged in a matrix, the fiash Nemory cells sharing a source;

reverlsal voltage‘applying;ﬁeéqs,for“apﬁlying'a voltage to
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the drains of the flash memory cells; and

a word line driver for controlling the gates of the flash
memory cells;

wherein the node of the source is a ground voltage supply of
the word line driver.

6. A semiconductor memory device, comprising:

a memory cell array in which a plurality of word lines
comected to the gates of flash memory cells, a plurality of bit
lines connected to the drains of the flash memory cells, and the
sources of the flash memory cells that are shared in the
direction of the word line are arranged in a matrix; and

a source voltage supply:

wherein the source shared in the direction of the word line
and the source voltage supply are selectively connected by a
signal for selecting the word line.

7. The semiconductor memory device as defined in Claim 6,
wherein the shared source is selected by a plurality of word
lines.

8. The semiconductor memory device as defined in Claim 6,
wherein the word line includes a first wiring layer which forms
the gate of the flash memory cell, and a second wiring layer, the

shared source being cbnnected by the second Wiring layer.



