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A ?ash memory erase operation controller has a common 
discharge circuit Which directly electrically connects at least 
one of a source, a drain, and a substrate making up memory 
cells forming a ?ash memory to a gate during an erase 

09/877,940 operation in the ?ash memory. 
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Fig. 1 
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METHOD FOR CONTROLLING A FLASH 
MEMORY ERASE OPERATION AND FLASH 
MEMORY ERASE OPERATION CONTROLLER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a ?ash memory 
erase operation controller and to a method for controlling a 
?ash memory erase operation, and more particularly it 
relates to a high-speed ?ash memory that eliminates mal 
functioning by reliably discharging a residual charge 
remaining in a memory cell in a short period of time. 

[0003] 2. Related Art 

[0004] Flash memories have been knoWn in the past, and 
a method of erasing a ?ash memory of the past, such as the 
substrate erase method, is shoWn in the equivalent circuit 
diagram and structural cross-sectional vieW of FIG. 14 and 
FIG. 15. 

[0005] Speci?cally, in this substrate erase method, the gate 
voltage Vg is set to a negative voltage Vneg (for example, 
—8 V), the source voltage Vs and drain voltage Vd being left 
in the open state, and the substrate voltage Vb being set to 
a positive voltage Ves (for example,8 V), so that ?oating 
electrons accumulated on the ?oating gate 158 are dis 
charged to the substrate, thereby achieving erasure. 

[0006] This memory cell is formed by a forming an N Well 
152 on a P-type substrate 151 and forming a P Well 153 
electrically isolated from the P-type substrate 151, forming 
an N-type diffusion layer 154 on the N Well 152 for the 
purpose of applying a voltage to the N Well 152, and forming 
a P-type Well diffusion layer 155 on the P Well 153 for the 
purpose of applying a voltage to the P Well 153. 

[0007] Additionally, in this memory cell an n-type source 
diffusion layer 156 and an N-type drain diffusion layer 157 
are formed on the P Well 153, and a ?oating gate 158 and 
control gate 159 are formed. 

[0008] Each of the diffusion layers 156 and 157 are 
separated by a ?eld insulation ?lm 160. 

[0009] By adopting the above-noted structure, it is pos 
sible to use the substrate erase method, in Which a positive 
voltage is applied to a substrate part of the memory cell. 

[0010] FIG. 9 is a block diagram shoWing an example of 
the structure in a ?ash memory of using the above-described 
substrate erase memory, and in the operation of this device, 
a gate of the memory cell MC1 is controlled by a roW 
decoder 1 via a roW line WL, and When erasing is to be 
performed, an output voltage Vneg of a negative voltage 
boosting circuit 2 is supplied to the gate of the memory cell 
via the roW decoder 1. 

[0011] At times other than When an erase operation is 
performed, an N-type MOSFET MN6 is provided at the 
connection node With the negative voltage Vneg for the 
purpose of setting a voltage of Vneg, Which is the output of 
the negative voltage boosting circuit 2, to the ground poten 
tial. 

[0012] The drain CBL of the memory cell MC1 is con 
nected to the read /Write circuit 3, the source CSL of the 
memory cell is set to the ground potential GND by setting 
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the N-type MOSFET MN2 to the conducting state at the 
time of reading or Writing, and the source CSL of the 
memory cell is placed in the open state by setting the N-type 
MOSFET MN2 to the non-conducting state When an erase is 
performed. 
[0013] Additionally, the substrate CWL of the memory 
cell MC1 is set to the ground potential GND by setting the 
N-type MOSFET MN4 to the conducting state at the time of 
reading or Writing, and the substrate CWL of the memory 
cell is supplied With the output Ves of the positive voltage 
boosting circuit 4 When an erase is performed. 

[0014] The N-type MOSFETs MN3, MN5, MN1, and 
MN7 are provided for the purpose of discharging the elec 
trical charge on each one of the source CSL of the memory 
cell MC1, the substrate CWL,a drain CBL, and the gate WL. 

[0015] As noted above, the erase operation for each 
memory cell MC1 of this ?ash memory is performed in 
unites of sectors, and because the capacity of the memory 
cells is large (512 Kbits), the parasitic capacitance is 
extremely large, so that to prevent a large amount of noise 
being generated at the ground potential GND When a sudden 
discharging is done, the N-type MOSFETs MN3, MN5, 
MN1, and MN7 are disposed so as to adjust the transistor 
capacity. 
[0016] The erase operation in this ?ash memory is 
described beloW, With references being made to the voltage 
Waveform diagrams of FIG. 10 and FIG. 11. 

[0017] FIG. 10 is a voltage Waveform diagram shoWing 
the operation at the start of an erase operation. 

[0018] At time Ti, the signals CSG, CWG, CWP, and XDP 
all change from the high level to the loW level, resulting in 
setting the N-type MOSFETs MN2, MN4, and MN6 to the 
non-conducting state and setting the P-type MOSFET MP 1 
to the conducting state. 

[0019] After time T1, by the start of the operation of the 
positive voltage boosting circuit and the negative voltage 
boosting circuit the positive erase voltage Ves rises from Vcc 
up to, for example,8 V, and the negative erase voltage Vneg 
rises from the ground potential GND to, for example, —8 V, 
Whereupon the memory cell is subjected to an erase opera 
tion by the gate WL also changing to —8 V. 

[0020] When this occurs, CSL and CBL, Which are the 
source and drain of the memory cell, are in the open state, 
With the PN junctions betWeen the substrate of the memory 
cell and the source and the drain forWard biased, so that 
current ?oW into the source and drain from the substrate, the 
resulting voltage being approximately 7.4 V, Which is 
approximately 0.6 V loWer than the forWard breakdoWn 
voltage of the PN junction. 

[0021] FIG. 11 is a voltage Waveform diagram shoWing 
the end of the erase operation. 

[0022] Speci?cally, at time T3 the signal CWP changes 
from the loW level to8 V, Which is the same as the Ves, so 
that the P-type MOSFET MP1 changes to the non-conduct 
ing state, thereby cutting off the current path betWeen the 
positive erase voltage Ves and the substrate CWL of the 
memory cell. 

[0023] The negative voltage boosting circuit stops oper 
ating at the time T3. 
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[0024] Simultaneously With the above, the signals DISP 
and DISN change from the loW level to the high level, 
resulting in the N-type MOSFETs MNl, MN3, MN5, and 
MN7 all going into the conducting state, Which causes the 
negative voltage and positive voltage applied When erasing 
to discharge to the ground potential GND, and at time T4, at 
the time When the discharging has been completed, the 
operation of the positive voltage boosting circuit also stops, 
so that the positive erase voltage Ves stops the erase opera 
tion at Vcc. 

[0025] In a ?ash memory of the past as described above, 
because the discharging of the various connection nodes 
(gate, source, drain, and substrate) of the memory cell at the 
completion of the erase operation is controlled separately, 
for example, it is extremely dif?cult to adjust the transistor 
capacity for each discharging, and various types of noise is 
generated. 
[0026] For example, FIG. 12 shoWs an example in Which 
the discharging capacity of the N-type MOSFETs MN7 to 
discharge the negative erase voltage Vneg is larger than that 
of the N-type MOSFETs MNl, MN3, and MN5. 

[0027] The negative erase voltage Vneg transitions rapidly 
from —8 V to the ground potential GND at the time T3, this 
causing a shift of the ground potential GND Within the 
memory cell in the negative voltage direction, leading to the 
possible blocking of the operation of the peripheral circuitry, 
and also because the negative erase voltage Vneg is capaci 
tively coupled to the source, the substrate, and the drain of 
the memory cell via the gate capacitance of the memory cell, 
the potentials of the source, substrate, and drain of the 
memory cell are pulled upWard, so that excessive stress is 
placed on the transistors connected to these nodes. 

[0028] FIG. 13 shoWs an example in Which the discharg 
ing capacities of the N-type MOSFETs MNl, MN3, and 
MN5 Which discharge the positive high-voltage terminal are 
greater than that of the N-type MOSFET MN7, Which 
discharges the negative erase voltage Vneg. 

[0029] The substrate CWL, source CSL, and drain CDL, 
Which are at a high positive voltage suddenly transition from 
8 V to the ground potential GND at the time T3, causing the 
ground potential GND Within the semiconductor memory to 
change in the positive voltage direction, leading to possi 
bility of blocking the operation of the peripheral circuitry. 
Additionally, according to the same principle as described 
With regard to FIG. 12, the negative erase voltage Vneg is 
pushed doWnWard, so that excessive stress is placed on 
transistors connected to this node. 

[0030] Additionally, although not shoWn in the draWings, 
in also the discharging of the source, substrate, and drain of 
memory cell, Which are also raised to a high positive 
voltage, the alignment of the voltage changes When this 
discharging is performed is extremely difficult, requiring 
estimation of the parasitic capacitance at each node and 
adjustment of the transistor capacities for each discharge. 

[0031] A cause of the above-noted problems is that, When 
electrical charges at various nodes in the memory cell (gate, 
source, drain, and substrate) at the time of erasing are 
discharged, the control of discharging at the various nodes is 
performed separately. 
[0032] There is a method of performing erasing of a ?ash 
memory by applying positive and negative voltages to 
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different nodes of a memory cell. For example, as disclosed 
in Japanese unexamined patent publication (KOKAI) No.6 
275842, in a substrate erase method, a negative voltage is 
applied to a gate of a memory cell and a positive voltage is 
applied to the substrate part of the memory cell, to perform 
erasing, and in US. Pat. No. 5,077,691, there is a gate 
source erase method in Which a negative voltage is applied 
to a gate of a memory cell and positive voltage is applied to 
a source of the memory cell. 

[0033] For example, in recent 32-Mbit ?ash memories 
using the substrate erase method, using 512 Kbits as the unit 
for erasing, When an erase is performed a negative voltage 
is applied to all gates of memory cells for 512 Kbits, and a 
positive voltage is applied to the substrate to perform the 
erasing operation. 
[0034] The negative voltage and positive voltage at the 
time of erasing are generated by a boosting circuit Within the 
semiconductor memory and supplied to the memory cells. 
HoWever, because the step-up capacity of the boosting 
circuit is not that great, there is a relative sloW change in the 
voltage, taking from several microseconds to several tens of 
microseconds, occurs at the gates of the memory cells and 
the substrate at the start of the erase operation, and at the end 
of the erase operation the electrical charges accumulated on 
the gates of the memory cells and the substrate are dis 
charged via a MOSFET to the ground potential, so that 
unless the MOSFET is designed properly there is the prob 
lem of losing operation of the internal circuitry due to a shift 
in the ground potential Within the semiconductor memory. 

[0035] That is, in an erasing operation of the past, the 
major concern Was With regard to the discharging of a 
positive electrical charge. If discharging of a negative elec 
trical charge is insufficient, hoWever, the potential on the 
substrate tends to shift, this being accompanied by the 
danger that the substrate potential Will be ?xed at a negative 
voltage, in Which case the operation of the ?ash memory 
itself is abnormal. 

[0036] In the Japanese unexamined patent publication 
(KOKAI) No.10-214491, there is an erase method for a ?ash 
memory, in Which the basic technical concept is that of a 
channel erase method, in Which a negative voltage is applied 
to a gate and a positive voltage greater than Vcc is externally 
applied to the channel, along With the essential condition 
that source and drain of the memory cell are connected to the 
ground potential via a loW-resistance current path. This 
reference, hoWever, does not disclose a method of erasing, 
such as in the present invention, in Which at least one of the 
gate part, the source part, the drain part, and the substrate is 
directly connected. 

[0037] In Japanese unexamined patent publication 
(KOKAI) NOS-174588, there is disclosure of applying to 
the source and drain of a memory cell an electrical charge at 
or above the ground potential, and applying a negative 
potential beloW the ground potential to the gate in order to 
perform an erase operation. In Japanese unexamined patent 
publication (KOKAI) No.10-172293, there is an erasing 
method having a ?rst erase mode With having a ?rst step of 
setting the drain voltage of a memory cell to a voltage loWer 
than the source voltage, a second step of setting the drain of 
the memory cell to the open state, and a third step of 
applying a positive voltage to the source of the memory cell, 
and a second erase mode having a fourth step of setting the 
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gate of the memory cell to the ground potential and a ?fth 
step of setting the source of the memory cell to the ground 
potential. That reference, hoWever, does not disclose a 
method of erasing, such as in the present invention, in Which 
at least one of the gate part, the source part, the drain part, 
and the substrate is directly connected. 

[0038] Additionally, in Japanese uneXamined patent pub 
lication (KOKAI) No.10-275484, there is a method of 
disposing a dummy memory cell at each memory cell, 
Wherein When performing a Write operation before applying 
a positive voltage to a gate the dummy memory cell is set to 
the on state to make the potential on the data line and the 
source line the same. That method, hoWever, does not 
disclose a method of erasing, such as in the present inven 
tion, in Which at least one of the gate part, the source part, 
the drain part, and the substrate is directly connected. 

[0039] Accordingly, it is an object of the present invention 
to improve on the above-described draWbacks in the prior 
art, by providing a ?ash memory erase operation control 
method and ?ash memory erase operation controller Which 
reliably causes surely discharging of a residual electrical 
charge in a memory cell in a short period of time, thereby 
eliminating faulty operation and enabling application to 
high-speed ?ash memories. 

SUMMARY OF THE INVENTION 

[0040] To achieve the above-noted objects, the present 
invention adopts the folloWing basic technical constitution. 

[0041] Speci?cally, a ?rst aspect of the present invention 
is a ?ash memory erase operation controller, Which has a 
common discharging circuit part that makes a direct elec 
trical connection betWeen the gate part and at least one of the 
source part, the drain part, and the substrate part making up 
a memory cell, during the erase operation, and a second 
aspect of the present invention is a method for controlling an 
erase operation in a ?ash memory, Whereby When perform 
ing an erase operation in a ?ash memory circuit, at least one 
of the source part, the drain part, and the substrate part 
making up a memory cell is directly connected electrically 
to the gate part during the erase operation. 

[0042] By adopting the above-noted technical constitu 
tions, a method for controlling an erase operation in a ?ash 
memory and a ?ash memory erase operation controller 
according to the present invention reliably discharge a 
residual electrical charge in a memory cell completely in a 
short period of time, thereby eliminating faulty operation 
and providing a method and controller for erase operation 
that is suitable for application to a high-speed ?ash memory 

[0043] Speci?cally, a basic technical feature of a method 
for controlling an erase operation in a ?ash memory and a 
?ash memory erase operation controller according to the 
present invention is that a negative voltage (Vneg) applied 
to the gate of a memory cell, and the nodes of the source 
(CSL), the substrate (CWL), and the drain (CBL) are each 
connected to a common discharge node DISCOM, via the 
N-type MOSFETs MDN3 to MDN6, respectively,and fur 
ther that an N-type MOSFET MDN7 is provided betWeen 
the connection of the common discharge node DISCOM and 
the ground potential, so that the potentials at the various 
nodes of the memory cell are discharged via the common 
discharge node DISCOM. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a block diagram shoWing an eXample of 
the con?guration of a ?ash memory erase operation con 
troller according to the present invention. 

[0045] FIG. 2 is a block diagram shoWing an eXample of 
the con?guration of a negative voltage sWitch and roW 
decoder in a ?ash memory erase operation controller accord 
ing to the present invention. 

[0046] FIG. 3 is a block diagram shoWing an eXample of 
the con?guration of a source-substrate voltage control cir 
cuit in a ?ash memory erase operation controller according 
to the present invention. 

[0047] FIG. 4 is a block diagram shoWing an eXample of 
the con?guration of a discharge control circuit in a ?ash 
memory erase operation controller according to the present 
invention. 

[0048] FIG. 5 is a Waveform diagram illustrating an erase 
operation occurring in a ?ash memory erase operation 
controller according to the present invention. 

[0049] FIG. 6 is a Waveform diagram illustrating an erase 
operation occurring in a ?ash memory erase operation 
controller according to the present invention. 

[0050] FIG. 7 is a block diagram shoWing another 
eXample of a ?ash memory erase operation controller 
according to the present invention. 

[0051] FIG. 8 is a block diagram shoWing an eXample of 
the con?guration of yet another eXample of a ?ash memory 
erase operation controller according to the present invention. 

[0052] FIG. 9 is a block diagram shoWing an eXample of 
the con?guration of an eXample of a ?ash memory erase 
operation controller of the past. 

[0053] FIG. 10 is a Waveform diagram illustrating an 
erase operation occurring in a ?ash memory erase operation 
controller of the past. 

[0054] FIG. 11 is a Waveform diagram illustrating an 
erase operation occurring in a ?ash memory erase operation 
controller of the past. 

[0055] FIG. 12 is a Waveform diagram illustrating a 
problem in a ?ash memory erase operation controller of the 
past. 

[0056] FIG. 13 is a Waveform diagram illustrating a 
problem in a ?ash memory erase operation controller of the 
past. 

[0057] FIG. 14 is a block diagram shoWing an eXample of 
the structure of a ?ash memory to Which a substrate erase 
method of the past has been applied. 

[0058] FIG. 15 is a block diagram shoWing an eXample of 
the structure of a ?ash memory to Which a substrate erase 
method of the past has been applied. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0059] Embodiments of a method for controlling an erase 
operation in a ?ash memory and a ?ash memory erase 
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operation controller according to the present invention are 
described in detail below, With references made to relevant 
accompanying drawings. 
[0060] Speci?cally, FIG. 1 and FIG. 4 are block diagrams 
shoWing an example of the con?guration of a ?ash memory 
erase operation controller according to the present invention, 
Which shoW a ?ash memory erase operation controller 10, 
Which is formed by a common discharge circuit 20, Which 
makes a direct electrical connection during an erase opera 
tion betWeen at least one of the source part CSL, the drain 
part CBL, and the CWL part, Which make up each of the 
cells MC00 through MCmn that form the cell array 9 of the 
?ash memory circuit, and a gate part WL. 

[0061] In the ?ash memory erase operation controller 10 
according to the present invention, the common discharge 
circuit 20 is provided With a sWitch means 21, Which causes 
conductivity in the common discharge circuit 20 during an 
erase operation, and makes an electrical connection betWeen 
the gate part WL and at least on of the source part CSL, the 
drain part CBL and the substrate part CWL of the memory 
cell. 

[0062] In the ?ash memory erase operation controller 10 
according to the present invention, a positive voltage is 
applied to at least one of the source part CSL, the drain part 
CBL and the substrate part CWL, and a negative voltage is 
applied to the gate part WL. 

[0063] That is, in the present invention it is desirable that 
a voltage that is alWays negative, for eXample, a voltage 
from —8 V to —9 V, be applied to the gate part, and that either 
a positive voltage be applied to at least one of the source part 
CSL, the drain part CBL and the substrate part CWL or one 
of these is left in the open state. 

[0064] For eXample, in the case of the substrate erase 
method, if a negative voltage of —9 V is applied to the gate 
part WL, it is desirable that the voltage on the substrate part 
CWL be made +9 V, in Which case both the source part CSL 
and the drain part CBL can be left in the open state, or have 
a positive voltage of, for example, +9 V applied thereto. 

[0065] In the present invention, considering the case of 
source erasing, it is possible to set the gate part WL and the 
substrate part CWL to a voltage of0 V, to set the source part 
CSL voltage to, for eXample, +9 V, and to leave the drain part 
CBL in the open state. 

[0066] In the present invention, considering the case of 
gate-source erasing, it is possible to set the gate part WL to 
a negative voltage of —9 V, to set the substrate part CWL to 
a voltage of0 V and also set the source part CSL to a voltage 
of +9 V, leaving the drain part CBL in the open state. 

[0067] It Will be understood that the con?guration of the 
common discharge circuit 20 used in the ?ash memory erase 
operation controller 10 according to the present invention is 
not particularly restricted, and it is possible to use the circuit 
20 having any con?guration that has the function of elec 
trically connecting formed betWeen the gate part WL and at 
least one of the source part CSL, the drain part CBL, and the 
substrate part CWL of the memory cell, and the speci?c 
connection can be used as appropriate. 

[0068] Additionally, the sWitch means 21 used in the 
common discharge circuit 20 of the present invention can be 
a transistor type of sWitch means using MOSFETs or the 
like. 
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[0069] In the speci?c eXample shoWn in FIG. 4, the sWitch 
means, Which is a transistor type implemented by MOSFETs 
or the like, uses N-type MOSFETs, and the sWitch means 21 
is disposed midWay in the interconnect 22 forming the 
connection node (DISCOM) formed betWeen the gate part 
WL and any one of the source part CSL, the drain part CBL, 
and the substrate part CWL. 

[0070] In another eXample of the ?ash memory erase 
operation controller 10 according to the present invention, a 
ground voltage setting means 23 is provided so as to ?X the 
potential of the common discharge circuit 20 at reliably and 
quickly at the ground potential. The ground voltage setting 
means 23 is desirably provided betWeen a ground part and 
the interconnection node (DISCOM) of the source part CSL, 
the drain part CBL, and the substrate part CWL of the 
common discharge circuit, and can be implemented using a 
sWitch means having a transistor such as an MOSFET or the 
like. 

[0071] An eXample of the ?ash memory erase operation 
controller 10 according to the present invention is described 
in further detail beloW, With references made the draWings 
FIG. 1 to FIG. 4. 

[0072] Speci?cally, FIG. 1 is a block diagram illustrating 
the general con?guration of an eXample of the ?ash memory 
erase operation controller 10 according to the present inven 
tion, this ?ash memory erase operation controller having a 
roW decoder 1, Which is connected to the gates WL of each 
memory cell in a memory array 9 made up by a plurality of 
cell groups MC00 to MCmn and Which selects a prescribed 
column, via a prescribed column selection sWitch, a Write 
circuit 3 connected to each column, Which performs Writing, 
a negative voltage sWitch connected to the roW decoder 1, a 
negative voltage boosting circuit 2 connected to the negative 
voltage sWitch 5, a source-substrate voltage control circuit 7 
connected to the source CSL of each memory cell and the 
substrate CWL, a positive voltage boosting circuit 4 con 
nected to the source-substrate voltage control circuit 7, and 
a discharge control circuit 8 connected to the negative 
voltage boosting circuit 2 and also connected in common to 
the drain CBL, the source CSL and the substrate CWL of 
each memory cell. FIG. 2 is a circuit block diagram shoWing 
one eXample of the negative voltage sWitch 5 and the roW 
decoder 1 shoWn in FIG. 1. 

[0073] FIG. 3 is a block diagram shoWing one eXample of 
the con?guration of the source-substrate voltage control 
circuit 7 shoWn in FIG. 1, and FIG. 4 is a block diagram 
shoWing one eXample of the con?guration of the discharge 
control circuit 8 shoWn in FIG. 1. 

[0074] In the embodiment shoWn in FIG. 1, MC00 and 
MC01 to MCmn are disposed in a matrix arrangement, the 
gates of each of the memory cells being connected to the roW 
lines WLO, WL1, WLm and the drains being connected to 
the column lines BL, BL1, BLn. 

[0075] The roW lines WLO, WL1, WLm are selectively 
controlled by the roW decoder 1, and the column lines BLO, 
BL1, BLn are selectively read out as the common column 
CBL1, via the column decoder 6 and a column selection 
sWitch 60, and connected to the Write circuit 3. 

[0076] The substrate and sources of the memory cells 
MC00 and MC01 to MCmn are each connected in common 
to the substrate potential CWL and the source potential CSL. 
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[0077] The roW decoder 1 shown in FIG. 2 controls the 
roW line WL, and When data is read or Written, supplies a 
positive voltage Vpx to the selected roW line WL, and When 
data is erased supplies a negative voltage Vneg to the node 
Vx via the negative voltage sWitch, thereby supplying the 
negative voltage Vneg to the roW line WL. 

[0078] The negative voltage sWitch 5 is con?gured so as to 
set the N-type MOSFET MGN3 to the non-conducting state 
the N-type MOSFET MGN4 to the conducting state When 
data is read or Written, and so as to set the N-type MOSFET 
MGN3 to the conducting state and the N-type MOSFET 
MGN4 to the non-conducting state When data is erased, so 
that the erasing negative voltage Vneg is supplied to the 
node Vx. 

[0079] The source-drain voltage control circuit 7 shoWn in 
FIG. 3 sets the P-type MOSFET MWP3 to the non-con 
ducting state and the N-type MOSFETs MSNl and MWN3 
to the conducting state When data is read or Written, thereby 
setting the source potential CSL of the memory cell and the 
substrate potential CWL to the ground potential GND, and 
sets the P-type MOSFET MWP3 to the conducting state and 
the N-type MOSFETs MWNl and MWN3 to the non 
conducting state When data is erased, thereby setting the 
source potential CSL of the memory cell to the open 
condition, and the substrate potential CWL to the erasing 
positive voltage Ves, via the P-type MOSFET MWP3. 
[0080] The discharge control circuit 8 shoWn in FIG. 4 
operates When the positive and negative voltages applied to 
the memory cell for Which the erasing is to be completed are 
discharged, and at the time of this discharging, sets the 
N-type MOSFETs MDN3, and MDN4 to MDN6 to the 
conducting state, so as to connect CSL, CWL, CBL, and 
Vneg, Which are electrically connected to the source, sub 
strate, drain, and gate nodes of the memory cell to the 
common discharge circuit 20 formed by the common dis 
charge node DISCOM, and sets the N-type MOSFET 
MDN7 to the conducting state so that the common discharge 
circuit 20 formed by the common discharge node DISCOM 
is ultimately set to the ground potential GND, thereby 
setting each node of the memory cell to GND, completing 
the discharging. 
[0081] The N-type MOSFET used in FIG. 4 functions as 
a sWitch means, and the N-type MOSFET MDN3 is a sWitch 
means 21 that electrically connects or breaks the connection 
betWeen the gate, to Which a negative potential is applied, 
and the common discharge circuit 20 (DISCOM). The 
N-type MOSFETs MDN4 to MDN6 are a sWitch means 29 
that electrically connects or breaks the connection betWeen 
the source CSL of the cell, the substrate CWL, and the drain 
CBL of the cell and the common discharge circuit 20 

(DISCOM). 
[0082] The N-type MOSFET MDN7 is a sWitch means 23 
provided for the purpose of making or breaking an electrical 
connection betWeen the common discharge circuit 20 (DIS 
COM) and the ground potential poWer supply. 
[0083] The control signals used in FIG. 1 to FIG. 4 are, 
for example, an erase gate control signal ERGl, a source 
voltage control signal CSLCTl, a substrate voltage control 
signal 1CWLCT1, a substrate voltage control signal 
2CWLCT2, and a discharge control signal DISCT and the 
like, an appropriate circuit responding to a prescribed con 
trol program so as to generate the signals at the prescribed 
timing. 
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[0084] An example of the operation procedure in a method 
for controlling erasing in a ?ash memory using the ?ash 
memory erase operation controller according to the present 
invention described above is described beloW, With refer 
ences being made to FIG. 5 and FIG. 6. 

[0085] Speci?cally, FIG. 5 is a voltage Waveform diagram 
shoWing the operation at the start of an erase operation for 
the case in Which a ?ash memory erase operation controller 
10 according to the present invention is used. 

[0086] That is, at time T1 the erase gate control signal 
ERGl changes from the loW level to the high level, the gate 
voltage ERGLB of the N-type MOSFET MGN4 Within the 
negative voltage sWitch 5 of FIG. 2 changing to the same 
potential as the erase negative voltage Vneg, thereby placing 
the device in the non-conducting state, the gate voltage 
ERGLA of the N-type MOSFET MGN3 changing to Vcc, so 
that the device is placed in the conducting state, and the 
erase negative voltage Vneg being supplied to the supply 
path to the roW line WL, via the N-type MOSFET MGN3 in 
the negative voltage sWitch and the N-type MOSFET MXN2 
Within the roW decoder. 

[0087] At this same time T1, the source voltage control 
signal CSLCTl changes from the high level to the loW level, 
so that the N-type MOSFET MSNi Within the source 
substrate voltage control circuit 7 goes into the non-con 
ducting state, placing the source CSL of the memory cell in 
the open condition, the substrate voltage control signal 
CWLCTl changes from the loW level to the high level, so 
that the substrate voltage control signal CWLCT2 changes 
from the high level to the loW level, resulting in the P-type 
MOSFET MWP3 Within the source-drain voltage control 
circuit 7 going into the conducting state and the N-type 
MOSFET MWN3 going into the non-conducting state, 
thereby establishing a supply path for the positive erase 
voltage Ves to the substrate CWL of the memory cell via the 
P-type MOSFET MWP3 Within the source-drain voltage 
control circuit 7. 

[0088] Additionally, the discharge control signal DISCT 
Which is input to the discharge control circuit 8 of FIG. 4 
remains at the loW level, and the N-type MOSFETs MDN3 
and MDN4 to MDN7 Within the discharge control circuit 8 
are all in the non-conducting state. 

[0089] After the time T1, When operation of the positive 
voltage boosting circuit and the negative voltage boosting 
circuit begins, the positive erase voltage Ves rises from Bcc 
to, for example,8 V, Whereupon the substrate CWL of the 
memory cell also rises to8 V, the negative erase voltage 
Vneg rises from the ground level GND to, for example, —8 
V, at Which point the gates WLO to WLm of the memory 
cells also change up to —8 V, thereby erasing the memory 
cells. 

[0090] When this occurs, the CSL and CBL, Which are the 
source and drain of the memory cells are in the open 
condition, and the substrate CWL, the source CSL, and the 
drain CBL PN junctions of the memory cell are forWard 
biased, so that a current ?oWs from the substrate CWL into 
the source CSL and the drain CBL, this exhibiting a voltage 
that is approximately 7.4 V, Which is approximately 0.6 V 
loWer than the forWard breakdoWn voltage of the PN junc 
tion. 
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[0091] FIG. 6 is a voltage Waveform diagram showing 
end of the erasing operation in the method of ?ash memory 
erasing control according to the present invention. 

[0092] Speci?cally, at time T3 the substrate voltage con 
trol signal CWLCT1 changes from the high level to the loW 
level, so that the P-type MOSFET MWP3 Within the source 
substrate voltage control circuit 7 goes into the non-con 
ducting state, thereby cutting off the current path betWeen 
the positive erase voltage Ves and the memory cell. 

[0093] At this same time T3, the negative voltage boosting 
circuit 2 stops operating. 

[0094] Simultaneously With the above, by the action of the 
discharge control signal DISCT changing from the loW level 
to the high level, the N-type MOSFETs MDN3, MDN4, 
MDN5, and MDN6 Within the discharge control circuit 8 are 
placed in the conducting state, so that CSL, CWL, CBL, and 
Vneg, Which are electrically connected to the nodes of the 
source, substrate, drain, and gate of the memory cell, are 
connected to the common discharge node DISCOM, and 
further the N-type MOSFET MDN7 goes into the conduct 
ing state, so that a current path is established betWeen the 
common discharge node DISCOM and the ground potential 
GND. 

[0095] Although not shoWn in this draWing, With all the 
column decoders YSO to YSn at the high level, all the N-type 
transistors TSO to TSn of the column selection sWitch are in 
the conducting state, so that a current path is established 
from the column lines BLO to BLn, to Which the drains of 
the memory cells are connected to the node CBL. 

[0096] During the period from time T3 to time T4, the 
positive electrical charge at CSL, CWL, and CBL, Which 
Were at a high positive voltage, is transferred to the common 
discharge node DISCOM via the N-type MOSFETs MDN4, 
MDN5, and MDN6 Within the discharge control circuit, and 
further this is discharged to negative erase voltage vneg and 
to the ground potential GND via the N-type MOSFETs 
MDN3 and MDN7 from the common discharge node DIS 
COM. 

[0097] With the discharge of the positive electrical charge 
from the common discharge node DISCOM, the negative 
erase voltage Vneg changes from —8 V in the direction of the 
ground potential GND, so that the negative voltage on the 
gates WLO to WLm of the memory cells also are discharged, 
via the negative voltage sWitch and the roW decoder. 

[0098] At the time T4, When CSL, CWL, and CBL are 
discharged to the ground potential GND, the residual nega 
tive voltage of the negative erase voltage Vneg is discharged 
to the ground potential GND via the N-type MOSFET 
MDN3 and MDN7 Within the discharge control circuit, and 
at the time T5, the ?nal negative erase voltage Vneg and the 
gates WLO to WLm of the memory cells are set to the ground 
potential GND, after Which the erase gate signal ERG1 
changes from the high level to the loW level, the source 
voltage control signal CSLCT1 changes from the loW level 
to the high level, the substrate voltage control signal 
CWLCT2 changes from the loW level to the high level, and 
the discharge control signal DISCT changes from the high 
level to the loW level, so that the positive voltage boosting 
circuit operation also stops, and the positive erase voltage 
Ves is changed to Vcc, resulting in the end of the erase 
operation. 
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[0099] As is clear from the above description, in the 
present invention during the times T1 and T2 shoWn in FIG. 
5, operation is performed so as to prepare for the erase 
operation in the ?ash memory. 

[0100] As one example of the preparation operation for the 
erase operation, the steps executed are a ?rst step of leaving 
the source-drain potentials of transistors forming each cell 
making up the memory cell array open, a second step of 
changing the substrate potential from0 V to an applied 
positive voltage of, for example, 9 V, and a third step of 
changing the transistor gate voltage to an applied negative 
voltage of, for example, —9 V. 

[0101] After the above is performed, during the time 
period betWeen time T2 and the time 3, Which is shoWn in 
FIG. 6, the erase operation is executed, after Which during 
the time period betWeen time T3 and time T4, an operation 
is performed so as to end the erase operation. 

[0102] An example of the operation for ending the erase 
operation executes a fourth step of ?rst leaving the substrate 
voltage CWL open, and a ?fth step of causing conduction in 
the sWitches 21 and 23, and if necessary 29, so that con 
nection is made betWeen the substrate, the source, the drain, 
and the gain, via the common discharge circuit 20, so as to 
execute the discharge operation. 

[0103] Finally, at time T5 the erase operation is ended. 

[0104] Another example of the ?ash memory erase opera 
tion controller 10 according to the present invention is 
described in detail beloW, With reference made to FIG. 7. 

[0105] Speci?cally, a ?ash memory is generally divided 
into erase units (hereinafter referred to as sectors) compris 
ing a plurality of memory cells, With erasing performed 
sector units. 

[0106] For example, in the case of a 32-Mbit ?ash 
memory, if division is made into 512-Kbit sectors, there Will 
be 64 sectors. 

[0107] Additionally, in order to improve the performance 
of a ?ash memory in a system, there are products in 
existence in Which it is possible during the erasing of a given 
sector to read data from another sector. 

[0108] FIG. 7 is a circuit diagram of another embodiment 
in Which the present invention is applied to a ?ash memory. 

[0109] In FIG. 7, there are tWo sectors, memory array 0 
and memory array 1, the source CSLO, substrate CWLO, and 
drain CBLO of the memory array 0 being connected to the 
common discharge circuit 20, Which is the common dis 
charge node DISCOM, via the N-type MOSFETs MDN40, 
MDN50, and MDN60, respectively, and the source CSL1, 
substrate CWL1, and drain CBL1 of the memory array 1 
being connected to the common discharge circuit 20, Which 
is the common discharge node DISCOM, via the N-type 
MOSFETs MDN41, MDN51, and MDN61, respectively. 

[0110] In this case, in the case, for example, of reading out 
data from the memory array 1 during the erasing of the 
memory array 0, the discharge control signal DISCT1 for the 
memory array 1 is alWays at the loW level, and the N-type 
MOSFETs MDN41, MDN51, and MDN61 are in the non 
conducting state, the source-substrate voltage control circuit 
7 supplying the source CSL1 and the substrate CWL1 of the 
memory array 1 With the ground potential GND, so that the 






