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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 sectional structure of the flash 

memory in each operating state, wherein a field effect transistor 

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 hot 

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 drawing charges ~rom the floating gate FG to the source S to 

decrease the threshold by a FN (Fowler Nordhein) turinel current 

as ~own in Fig. 14. in tliis case, the control gate CG and the 

·sub~trate SUB. have a ground potential of QV. tb,e drain If 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 5 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 O 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 voltage. 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 

exceed 0 V. Thus, the overerase state is-eliminated. 

The memory cell is read out~ setting-the control gate CG 

to 5 V, the sourc_e S and the· substrate· SUB to -a ground potential 

·o v. -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 accumulat~d in the floating gate FG, the current 

flows to the memory cell. In this case, the data is set to 1. 

In the prior a~t. the reversal of the memory cell is carried 

out to eliminate the overerase state. In 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 off leak 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 

operation of the whole circuit shown in Fig. 20. 

The.memory device according to the prior art comprises"four 

.- ·: memory·celI ·a.rray·b~ocks BLKO to BLK3. The ·reversal operation is 



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. SCOO designates a source 

control gate. SOUOO designates a common source node. VSS 

designates a ground voltage. SA designates a sense amplifier 

circuit. DVSOO designates a reversal voltage supply circuit. Qn 

designates an N channel MOS transistor. 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 connected to the common source node SOUOO. The 

common source node SOUOO is connected to the ground voltage VSS 

through the N channel MOS transistor Qn having the source control 

gate SCOO. Each bit line is connected to the reversal voltage 

supply circuit DVSOO through the N channel MOS transistor Qn 

having the comm.on full group reversal control gate RVGOO. 

Each bit line is connected 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 setting the 

full group reversal control gate RVGoo·to a logical voltage_ "H" 

to supply a reversal vo~tage from the reversal voltage supply 

circuit DVSOO·to the bit .lines BLO to BL63 . 

• 
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As shown in Fig. 21, the full group reversal control gates 

RVGOO to 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 control 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 gener~ted so that the reversal operation 

is not performed efficiently. In other words, the time for the 

reversal operation to control the off leak current of the memory 

cell is increased or the off leak current of the memory cell 

canno~ fully be.aontrol~ed. 

Th~ pr~sent _invent.i.GII provi~es a ~emicdndu_ctor memorr 

. device, .compri~ing a··memOry· cell array havli:tg a· plt.¢alify"_'of .... 
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flas~ 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 i-nto a 

plurality of groups, and a selector for selecting some groups to 

which 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 drains 

of the flash memory cells, a divider for dividing a plurality of 

drains of the flash memory cells into a plurality of gr~ups. 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. More specifically, the ~eversal 

operation is first performed for a lot of groups at the same time 

to sequentially decrease the number of groups to be selected. 

For example, the full group reversal operation, the partial group 

r·evei::sal operation ~d the line reversal operation can fully 

. control the of!leak current of the memory cell in a short time. 
. . . . .· . 

Tlie present invention provides another 'semiconductor meinOry 
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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 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 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 D;l0Dlory 

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 grounding voltage supply of 

word line driving ineans fo~ controlling the gate of the f la~h 

memory cell, the potential of the word line is raised according 
: . . . . . . . 

. : to th~ increase _in the sourc_e· ;potent"ial.. · .As 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 off leak current of the memory cell can be 

control"led fully. 

The present invention provides yet another semiconductor 

memory device, comprising a memory cell array in which a 

plurality of word lines connected 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. By selectively connecting 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 memory 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 

off leak. current of the memory cell on the non-selected word line 

can be reduced with the smaller layout area. Furthermore, it is 

pr~ferable that_tl:te word line should include a first ~iring layer 

t_hat.forins the gate of the flash memory cell. and a second wiring 

~. i~yer. the shared source being conneeted "by the. secorid wiring" . 
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layer. For example, 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 

semiconductor memory device shown in Figure 1; 

Figure 3 is a chart showing the relationship between the 

time for the reversal operation and the off leak current of a 

memory cell 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 operation timing of the 

semiconductor m~mory device-shown in.Figure 6; 

Figure s is a circuit diagram showing a memory cell- array of 
. . . . . . . .. . . 

a s_emiconductor memory deVice .accbrding to a faur'th .0mbodiment "of 
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the present invention; 

Figure g 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 8; 

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 ~art showing the relationship between the 

time for the reversal operation and the off leak current of a 

memory cell of a flash memory according to" the prior art; 
. . . . · .. 

Figtire 19 is a· c.ircui f ··diagram showing ·a memory cell_ array 
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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 BLKn. Fig. 2 is a chart showing the 

control signal timing of the reversal operation of the circuit 

shown in Fig.1. Fig. 3 is a chart showing the relations~ip 

between the time for the reversal operation and the off leak. 

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 designate•column selection gates. DL 

. designates a data line. RVGOO and RVGOl desi~ate full group 

reversal control.gates. SCOO designates a source control gate. 

SOUOO designates a common source node. VSS designates a ground 

voltage. SA designates a sense amplifier _circuit. DVSOO and 

nyso1 designate r~versal voltage supply circuits. Qn designates 

an N channel MOS transistor. ~ designates ~ ~ory cell 

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 SOUOO. The comm.on source node SOUOO is connected to the 

ground voltage VSS through the N channel MOS transistor Qn having 

the source control gate SCOO. Each bit line is connected to the 

reversal voltage supply circuit DVSOO through the N channel MOS 

transistor Qn having the full group reversal control gate RVGOO 

or the N channel MOS transistor Qn having the common full group 

reversal control gate RVGOl. 

Each bit line is connected 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 and the reversal voltage supply circuit DVSOl. In the 

first embodiment. three kinds of reversal operations are 

performed. 

First. the full group reversal control gates RVGOO and RVGOl 

are set to a logical voltage "H". Consequently, the memory cells . 

on all the bit lines of the memory cell array block BLKn are 

connected to the r0Versal voltage supply circuit DVSOO so that 

the full group reversal operation is performed. Second, only one 

of the full group reversal control gates RVGOO and RVGOl is set 

to the l~gical :voltage "H". Conseqilently. the memory cells on 

the bit lines having either eve~ or odd numb0rs of the.m~mory . . ·. . . . . . 

cell array bloc~ BLkit. ·are·~ COBneGted. tQ. the. reversal \rol tB?e 
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supply circuit DVSOO 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 connected to the reversal voltage supply 

circuit DVSOl. The line reversal operation of the memory cell 

connected 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. cannot fully control the off leak 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 off leak current of the memory 

cell as shown by curve 32 of Fig. 3. However, it takes a 

significant time to fully control the initial off leak current of 

the memory cell because the line reversal operation is ~rformed 

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 

partial group reversal operation is then performed, and the line 

r~vers~l. operation is finally·perform.ed. Consequently, high­

speed operations can be performed and the off leak current o~ the . ' . . . . . ·. . . 

· ·m~qry· celi can· be pontrolled fully ·_as· Show by curve -33 of Fig. 

• 
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3. 

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 se~ting the full gr~up reversal control gates RVGOO, RVGOl, 

RVGlO, RVGll, RVG20, RVG2i, RVG30 and RVG31 to a logical voltage 

"H", the full group reversal operation can be performed for the 

memory cells on all the bit lines of the memory cell array blocks 

BLKO to BLK3. 

By setting .~i~her of the ~ull group r~vers~l control gates 

· RVGOP. ttVGlO" RVG20 arid RVG30 and th~ full .. group··-.re\r-er~al control. 
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gates RVGOl, RVGll. 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 CGO 

to CG63, CG64 to CG127, CG128 to CG191, and CG192 to CG255 to be 

set to the logical voltage of "H", the line reversal 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 F~g. _6 will be briefly described 

below. WLO to WL255 designate wor4 lines. BLO to BL63 designate 

bit lines. CGO to CG63 designate column selection gates. DL 

designates a data line. RVGOO to RVG03 designate partial group 

.reversal control gates. ·: SCOO designates a source cont;t'ol gate. 

·SOUOO designates a common source,node. V~S designates a·ground 

voltage .. SA designates a sense amplifier circuit. . . DVSOO 
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designates a reversal voltage supply circuit. Qn designates an N 

channel MOS transistor. Qm designates a memory cell transistor. 

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 

SOUOO. The common source node SOUOO is connected, in two places, 

to the ground voltage VSS through the N channel MOS transistor Qn 

having the source control gate SCOO. Every four bit lines are 

connected to the reversal voltage supply circuit DVSOO 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 connected 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 RVG03 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 c~ll array b~ock BLKn are connected to the ~eversal 

voltage supply circuit DVSOO so that the full group reversal 

operation is performed. By selectively setting a part of the 

partial group reversal control gates RVGOO to RVG03 to the 

logical voltage "H", memory cells on a quarte_r, half or three 

fourths of the blt lines of the memory cell ~ray block BLKn are 
. . .. . .. 

cqnnected to the rey-ersal vo1 tage supply circuit DVSOO so·: ~at 
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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 RVGOO to 

RVG03 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 lines 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 cannot be performed quickly and the off leak current of . . 

the memory cell cannot be controlled fully. The bit lines. where 

the reversal operation is performed are provided uniformly in 

such a manner that the maximum values of the increase in the 

source potential.are almost equal to one.another even thou~h any 

of the partiai group reversal control gates RVGOO to'RVG03 is 

selected." The·. arrangement o-f. the bit. lines in which the -inaximwn · 
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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 

coilllect 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 off leak 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 relations.hip 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. RVGOO designates a full group reversal 

control gate. SCOO designates a source control gate. SOUOO 

designates a comm.on source node. VSS designates a ground 

voltage. SA designates a sense amplifier circuit. DVSOO .and 

DVSOl designate reversal voltage supply circriits. Qn designates 
·.. . . . . . 

an N ·clia.nnel MOS. transistor. 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 connected to the common source node SOUOO. The 

common source node SOUOO is coilllected to the ground voltage VSS 

through the N channel MOS transistor Qn having the source control 

gate SCOO. Each bit line is connected to the reversal voltage 

supply circuit DVSOO through the N channel MOS transistor 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 RVGOl. 

Each bit line is connected 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. A word line driving circuit 81 comprises an N 

channel MOS transistor Qn and a P channel MOS transistor Qp in . 

which the control signals WCO to WC255 are gate signals. The 

source of the N channel MOS transistor Qn is connected to the 

co~9n source node. SOUOO as a ground voltage suppl~. The 

reversal operation is performed in the same manner as in the 

first embodiment. 

In the foilrth embqdiment, the ground voltage supply-of the 

word line driving circuit 81 is connected to the common. source 

node SOUOO. According to such a·structure~ if the potential of 
..•. . . . . . . . 

the source is ra:i.sed.bY"ttie· re:versal "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 off leak 

current of the memory cell can be controlled fully. Fig. 9 shows 

the relationship between the reversal time and the off leak 

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 selectively connected by a signal for 

selecting the word line. Consequently, the influence of the 
. . . . 

off leak current of the memory cell on a non-selective word line 

can be reduced. Furthermore, the shared source is selected by.a 

plurality of word lines so that the layout area is reduced and 

the word line and.the ·source· are connected by' a wiring .layer . ; . . . . . . 
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having a low resistance. 

In the circuit shown in Fig. 11, RO to R63 designate low 

selection signals. <I> WO to <I> 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 layer 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 lev~l 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 <I> WO to <I> W3 having a low level is 

selectively boosted and the word line corresponding thereto is 

selected. In the layout of Fig. 12, the second aluminum wiring 4 

is provided as a backing wiring for the word line 2, which forms 

the control gate of the memory cell transistor made of 

polysilicon, for example. By the same wiring layer, the source 

line is formed. In other.words; a ·souree line is formed for 

four word lines. that fo~ the control" gate of :the :mei:nory 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 

invention described above, the driving unit of the reversal 
• 

operation is varied, 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 off leak 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 connected 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. 

3. A semiconductor memory device, comprising:. 

a plurality of memory cell arrays having a plurality of 

~lash niem.ocy- ·cells arranged: in a matrix, the flash memory bells 
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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 

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. 

4. A semiconductor memory device, comprising: 

a memory cell array ~ving 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 semiconductor -memory device, comprising: 

a memory cell ·array having a.plurality of. flash memory cells 

arranged in a matrix, the flash memory c~lls sharing a source; 
·. . . 

. reversal volta.ge·applylng means .for· applying· 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 

connected 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 connected ~Y the second wiririg layer. 


