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(57) ABSTRACT 

A potential generating circuit generates two types of erase 
verify threshold values EVT1 and EVT2. These values 
satisfy the relationship of EVT2=EVT1+(OEVT-EVTL). 
OEVT is an over-erase verify threshold value. While the 
erase verify threshold value is set at EVT2, the lower limit 
of a threshold Voltage distribution after data erase is higher 
than OEVT EVTL is the lower limit of the threshold voltage 
distribution after data erase while the erase verify threshold 
value is set at EVT1 and is lower than OEVT. The erase 
verify threshold values EVT1 and EVT2 are switched 
according to an operation mode. During a write/erase test, 
for example, the erase verify threshold value is set at EVT2. 
On the other hand, during the normal operation, the erase 
verify threshold value is set at EVT1. 
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NONVOLATILE SEMCONDUCTOR MEMORY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Applica 
tions No. 11-074039, filed Mar. 18, 1999; and No. 
11-074.045, filed Mar. 18, 1999, the entire contents of which 
are incorporated herein by reference, 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a nonvolatile semi 
conductor memory particularly used as a NOR-type flash 
EEPROM. 

0003) A NOR-type flash EEPROM has three basic 
modes, i.e., a program mode, an erase mode and a read 
mode. In the program mode, for example, operation for 
raising the threshold Voltage of a memory cell up to not leSS 
than a predetermined value (e.g., 5.5V) is carried out. In the 
erase mode, operation for Setting the threshold Voltage of a 
memory cell to fall within a predetermined range (e.g., 0.5 
to 3.0V) is carried out. 
0004. In case of a NOR-type flash EEPROM having an 
auto-program function and an auto-erase function, in the 
program mode, for example, it is verified whether or not the 
threshold voltage of a memory cell is not less than 5.5V and 
reprogram (rewrite) is automatically carried out until the 
threshold voltage of the memory cell becomes not less than 
5.5V. In the erase mode, it is verified whether or not the 
threshold voltage of a memory cell is within a range of 0.5 
to 3.0V and predetermined operation is carried out auto 
matically until the threshold voltage of the memory cell falls 
within the predetermined range. 

0005 FIG. 1 shows the important parts of a conventional 
NOR-type flash EEPROM. 
0006. A memory cell array 11 consists of a plurality of 
blocks. Each block has a plurality of memory cells con 
nected between word lines (input Side) and bit lines (output 
side) to form a NOR relationship. 
0007 External addresses A1 to A17 are input to a mul 
tiplexer 13 either directly or through an address register 12. 
An address counter 16 generates internal addresses. The 
multiplexer 13 feeds either an external address or an internal 
address to a row decoder 14 and a column decoder 15. 

0008 Input data is fed to a data input register 18 and a 
command register 19 through an input/output buffer 17. The 
data of the data input register 18 is Supplied to memory cells 
through a column Selecting circuit 20. 
0009. The command register 19 recognizes a command 
consisting of an address and a data and outputs a control 
Signal to the address register 12, the multiplexer 13, the data 
input register 18 and a control circuit 21 in response to the 
command. 

0.010 The control circuit 21 recognizes an operation 
mode to be executed next based on the control Signal output 
from the command register 19. 
0.011 A potential generating circuit 22 generates various 
potentials corresponding to operation modes. The potential 
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generated by the potential generating circuit 22 is applied to 
the control gates and the bit lines of the memory cells in each 
operation mode. 
0012. A verify circuit 23 verifies whether or not data 
program or data erase is Surely carried out to a Selected 
memory cell and outputs a result, i.e., VERIOK to the 
control circuit 21. 

0013 A final address detecting circuit 24 outputs a detec 
tion signal AEND indicating whether or not the final address 
of each block of the memory cell array 11 is detected and 
outputs a detection signal BEND indicating whether or not 
the final block of the memory cell array 11 is detected. 
0014) A timer 25 counts the number of program opera 
tions or the number of erase operations conducted to the 
Selected memory cell. The timer 25 outputs a time out Signal 
TIME OUT to the control circuit 21 when the number of 
program operations or that of erase operations conducted to 
the Selected memory cell reaches a predetermined number. 
0015. A clock generating signal 26 generates a clock for 
controlling the internal operation of the flash EEPROM 
based on a write enable signal WE, a chip enable signal CE, 
an output enable signal OE and the like. 
0016 FIG. 2 shows the memory cell array of the NOR 
type flash EEPROM shown in FIG.1. FIGS. 3 to 5 show the 
device Structure of a portion enclosed by a broken line X in 
FG, 2. 

0017. In this example, memory cells are formed in a twin 
well, i.e., a P-type twin well 112 in an N-type well 111 in a 
P-type silicon substrate 110. 
0018. As an element separation insulating film, a field 
oxide film 113, for example, is formed above the silicon 
Substrate 110. A silicon oxide film 114, which serves as a 
gate insulating film, is formed on an element region Sur 
rounded by the field oxide film 113. A floating gate electrode 
115 is formed on the silicon Substrate 114. A control gate 
electrode (word line) 117 (WL) is formed above the floating 
gate electrode 115 through a silicon oxide film 116. 
0019. An N-type source region 121 and an N-type drain 
region 122 are formed in the silicon Substrate 110 on both 
Sides of the floating gate electrode 115 and the control gate 
electrode 117. In this case, the Source regions (Source lines 
SL’s) of all memory cells, for example, are mutually con 
nected. 

0020 Asilicon oxide film 118 entirely covering memory 
cells MC's are formed on the memory cells MC's. A contact 
hole 120 which reaches a drain region 122 is provided in the 
silicon oxide film 118. A bit line 119 (BL) is formed on the 
silicon oxide film 118. The bit line 119 contacts with the 
drain region 122 through the contact hole 120 of the silicon 
oxide film 118. 

0021 Next, description will be given to potentials 
applied to memory cells in each of the program mode, the 
read mode and the erase mode of the above-stated NOR-type 
flash EEPROM. 

0022 First, in the program mode, the potential of a 
Selected word line WL is set at, for example, Vpp (e.g., a 
high potential such as about 10V) and that of an unselected 
word line WL is set at VSS (e.g., OV). The potential of a bit 
line BL to which a memory cell (selected cell), for which 
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“0”-programming is conducted, is connected is set at VSS 
(e.g., OV). The potential of a bit lines BL to which a memory 
cell (unselected cell), for which “1'-programming is con 
ducted, is connected is set at VSS (e.g., OV). The potential of 
a source line SL is Vss (e.g., OV). 
0023. At this moment, in the selected cell, the potential of 
a control gate (word line) is Vpp, that of a drain is Vdp and 
that of a Source is VSS, go that electrons within the Source are 
accelerated and moved to the drain. They become electrons 
(hot electrons) with high energy in a channel in the vicinity 
of the drain and are moved into the floating gate by an 
electric field between the control gate and the channel. Due 
to this, the threshold Voltage of the Selected cell increases 
and “0”-programming is carried out in the cell. 
0024. In the unselected cell, on the other hand, the 
potential of a control gate (word line) is Vpp and those of a 
drain and a Source are VSS, So that no current flows between 
the drain and the Source. Due to this, the threshold Voltage 
of the unselected cell does not increase and “1'-program 
ming is carried out (an erase State is maintained) in the cell. 
0.025 Next, in the read mode, the potential of the selected 
word line WL is set at, for example, Vcc (e.g., a potential of 
about 5V) and that of the unselected word line WL is set at, 
for example, Vss (e.g., OV). The bit line BL to which the 
memory cell (Selected cell), for which data read is carried 
out, is pre-charged with Vd (e.g. a potential of about 1V) and 
then turned into a floating state. The potential of the bit line 
BL to which the memory cell (unselected cell), for which no 
data read is carried out, is set at, for example, VSS (e.g., OV). 
The potential of the source line SL is set at, for example, Vss 
(e.g., OV). 
0026. The threshold voltage of the memory cell (in a “1” 
state) storing data “1” is lower than Vcc, whereas that of the 
memory cell (in a “0” state) storing data “0” is higher than 
Vcc. Due to this, if the potential of the selected word line 
WL is set at Vcc, the cell in the “1” state is turned on and 
that in the “0” state is turned off. 

0.027 Accordingly, a current flows into the cell in the “1” 
state and the potential of the bit line BL to which this cell is 
connected is decreased to VSS. No current flows into the cell 
in the “0” state and the potential of the bit line BL to which 
this cell is connected, is, therefore, maintained Vd. Data read 
is executed if a Sense amplifier Senses the potential change 
of this bit line BL. 

0028 Next, description will be given to potentials 
applied to memory cells in the erase mode. 

0029 Data erase is carried out in units of blocks and 
Simultaneously carried out to all memory cells in each block. 
A mode for erasing the data of the memory cells in one or 
a plurality of blocks in a chip is referred to as “a block erase 
mode” and a mode for erasing the data of the memory cells 
in all blocks in the chip is referred to as “a chip erase mode'. 
0.030. In the erase mode, the potentials of all the word 
lines WL's in the chip are set at, for example, Vss (e.g., OV). 
The potentials of the twin wells (i.e., the P-type well and the 
N-type well) in a selected block are set at, for example, Vee 
(e.g., a high potential of about 20V) and those of the twin 
Wells in an unselected block are set at, for example, VSS 
(e.g., OV). It is noted that the twin wells are provided per 
block. 
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0031. At this moment, in each of the memory cells in the 
Selected block, the potential of the control gate (word line) 
is Vss and those of the twin wells (channel) are Vee, so that 
a high electric field is applied to the gate oxide film. Due to 
this, electrons within the floating gate are moved to the twin 
wells (channel) by an FN tunnel phenomenon. As a result, 
the threshold voltages of the memory cells in the selected 
block are decreased and the memory cells are turned into a 
“1” state (data erase is carried out in the cells). 
0032. On the other hand, in each of the memory cells in 
the unselected block, the potential of the control gate (word 
line) and those of the twin wells (channel) are set at Vss, so 
that no high electric field is applied to the gate oxide film. 
AS a result, the memory cells in the unselected block have 
no change in electron quantity in the floating gate, i.e., no 
change in threshold Voltages and data erase is not, therefore, 
carried out in the cells. 

0033. In the meantime, the NOR-type flash EEPROM has 
conventionally the following disadvantages in the erase 
mode. 

0034 Memory cells in a block have individual erase 
characteristics due to manufacturing process or the like. In 
Some cases, the memory cells in the block for which data 
erase is carried out have individual initial threshold Voltages. 

0035. These differences in erase characteristics and initial 
threshold Voltage cause the memory cells in the block after 
block erase is carried out, to have individual threshold 
voltages and a threshold voltage distribution is formed. 
Owing to this, when, for example, data erase is completed 
for all the memory cells in a block, that is, when data erase 
is completed for the memory cell having the worst erase 
characteristics in the block (memory cell having the slowest 
erase speed), the memory cell having the best erase char 
acteristics in the block (memory cell having the fastest erase 
Speed) may turn into an over-erase State. 
0036) The over-erase state means that the threshold volt 
age of a memory cell becomes a negative value. Such an 
over-erase State of the memory cell causes a significant 
problem in the read mode. That is to Say, in the read mode, 
the potential of the selected word line WL is set at Vcc (e.g., 
a potential of about 5V) and that of the unselected word line 
WL is set at VSS (e.g., OV) as already described above. 
0037 All the memory cells connected to the unselected 
word lines WL's are turned off, those connected to the 
selected word line WL are turned on or off according to their 
states (“1” or “0”) and the potential change of the bit line is 
detected, thereby carrying out data read. 

0038. The unselected memory cell in the over-erase state 
(which threshold Voltage is a negative value) is not turned 
off but turned on even if a potential of Vss (OV) is applied 
to the control gate (word line) thereof. Thus, the potentials 
of the bit line BL to which the unselected memory cell in the 
over-erase State is connected, is always decreased due to 
discharge (leak), resulting in a read error, i.e., even if the 
Selected cell is in the “0” state, data “1” is read to the bit line. 

0039. To prevent the over-erase of the memory cell, there 
is known an erase technique which has an erase Sequence 
including not only an erase Step but also a pre-program Step 
and a convergence Step. 
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0040. In the pre-program step, the threshold voltages of 
memory cells, to which data erase is conducted, are made 
uniform, whereby the probability that memory cells in the 
over-erase State occur after the erase Step is intended to be 
decreased. In the convergence Step, if a memory cell in the 
over-erase State occurs, then a weak program is carried out 
to the memory cell, the threshold voltage of the memory cell 
in the over-erase State is returned to a predetermined Voltage 
and a threshold Voltage distribution after the erase Step is 
intended to converge. 

0041 Needless to say, in each of the pre-program, erase 
and convergence operations, a verify operation is performed 
after each operation to Verify whether or not the operation is 
completely carried out. 

0.042 Next, a concrete example of the erase sequence will 
be described. 

0.043 FIG. 6 shows an example of the erase sequence. It 
is noted that each of the circuits referred to in the following 
description is that shown in FIG. 1. 

0044) If the command register 19 confirms an erase 
command and the block of the memory cell array 11 for 
which an erase operation is executed, the control circuit 21 
controls the operations of the respective circuits in the chip 
So as to execute the erase Sequence shown in FIG. 6. 

0.045 First, after the address counter 16, the timer 25 and 
the like are reset, a pre-program Step is executed for memory 
cells in a selected block (in steps ST1 to ST2). 
0046. The pre-program Step is executed according to 
procedures shown in the Sub-routine of FIG. 7. 

0047 First, the address Add of the address counter 16 is 
set at an initial value “0” and the numerical value Cycle of 
the timer 25 (corresponding to the number of program steps) 
is set at an initial value “0” (in steps ST41 to ST42). In the 
potential generating circuit 22, internal power Supply for 
program verify P. V. is set up (in step ST43). 

0.048. Thereafter, the data of a memory cell selected by 
the address Add is read (in step ST44). The data of the 
memory cell (selected cell) selected by the address Add is 
compared with program data “0” (in step ST45). 

0049) That is, it is assumed that a potential (a program 
verify threshold value) PVT (e.g., 5.5V) which is the lower 
limit of the threshold values with which it can be determined 
that a memory cell is in a program State, is a boundary value. 
If the threshold value of the selected cell is higher than the 
boundary value, it is determined that the data of the Selected 
cell is “0” If the threshold value of the selected cell is lower 
than the boundary value, it is determined that the data of the 
Selected cell is “1”. 

0050. If the data of the selected cell does not coincide 
with the program data “0”, program NG is determined and 
a data program step (injection of electrons into the floating 
gate) is executed to the Selected cell. 
0051. This data program step is repeatedly carried out 
until the Cycle or the number of program Steps reaches a 
preset number Limit and the data of the Selected cell 
coincides with the program data “0” (in steps ST48 to 
ST49). 
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0052. When the Cycle or the number of program steps for 
the Selected cell reaches the preset number Limit, the 
pre-program Step is ended even if the data of the Selected cell 
does not coincide with the program data (in Step ST46). 
0053 At this moment, a signal ERROR indicating that a 
program error occurs is set at “1” (in step ST47). 
0054. On the other hand, if the data of the selected cell 
coincides with the program data “0”, program OK is deter 
mined and the address Add is advanced by one, whereby the 
same operation is carried out to a memory cell (selected cell) 
at the next address. At this moment, the numerical value of 
the timer 25 is reset at the initial value (in steps ST42 and 
ST51). 
0055 When the data of the selected cell coincides with 
the program data “0” and the address Add corresponds to the 
final address in the block, the pre-program Step is ended. In 
that case, the threshold Voltage distribution of the memory 
cells in the selected block is that shown in FIG. 8 (in step 
ST50). 
0056 Next, it is checked whether or not the signal 
ERROR indicating the presence of a program error is “1”. If 
a program error occurs, that is, the Signal ERROR is “1”, 
then the erase operation is ended (in step ST3). 
0057) If the pre-program is Surely executed, that is, the 
signal ERROR is “0”, an erase step is executed (in step 
ST4). 
0058. The erase Step is executed according to procedures 
shown in the Sub-routine of FIG. 9. 

0059 First, the address Add of the address counter 16 is 
set at the initial value “0” and the numerical value Cycle of 
the timer 25 (corresponding to the number of erase steps) is 
set at the initial value “0” (in steps ST61 to ST62). In the 
potential generating circuit 22, internal power Supply for the 
erase verify E. V. is set up (in step ST63). 
0060. Thereafter, the data of a memory cell selected by 
the address Add is read (in step ST64). The data of the 
memory cell (selected cell) selected by the address Add is 
compared with an expected value “1” (in step ST65). 
0061 That is, it is assumed that a potential (erase verify 
threshold value) EVT1 (e.g., 3.0V) which is the upper limit 
of the threshold values with which it can be determined that 
a memory cell is in an erase State, is a boundary value. If the 
threshold value of the selected cell is higher than the 
boundary value, it is determined that the data of the Selected 
cell is “0”. If the threshold value of the selected cell is lower 
than the boundary value, it is determined that the data of the 
Selected cell is “1”. 

0062) If the data of the selected cell does not coincide 
with the expected value “1”, erase NG is determined and a 
data erase Step (an operation for taking out electrons in the 
floating gate) is executed to all the memory cells in the 
Selected block. 

0063 Here, the data erase step is executed simulta 
neously to all of the memory cells in the Selected block, 
which operation is peculiar to the flash EEPROM. Thus, the 
data erase Step is executed even to the memory cells other 
than the Selected cell for which data erase has been already 
completed. 
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0064. This data erase step is repeatedly carried out until 
the Cycle or the number of erase Steps reaches a preset 
number Limit and the data of the selected cell coincides with 
the expected value “1” (in steps ST66, ST68 and ST69). 
0065. When the Cycle or the number of program steps for 
the Selected cell reaches the preset number Limit, the erase 
operation is ended even if the data of the Selected cell does 
not coincide with the expected value “1” (in step ST66). 
0.066. At this moment, a signal ERROR indicating that an 
erase step occurs is set at “1” (in step ST67). 
0067. On the other hand, if the data of the selected cell 
coincides with the expected value “1”, erase OK is deter 
mined and the address Add is advanced by one, whereby the 
same operation is carried out to a memory cell (selected cell) 
at the next address. 

0068. At this moment, the numerical value of the timer 25 
is not reset at the initial value. This is because the erase 
operation is carried out to all memory cells (in step ST71). 
0069. If the data of the selected cell coincides with the 
expected value “1” and the address Add corresponds to the 
final address in the block, then the erase operation is ended. 
At this moment, the threshold distribution of the memory 
cells in the Selected block is that shown in, for example, 
FIG. 10 (in step ST70). 
0070 Next, it is checked whether or not the signal 
ERROR indicating the presence or absence of an erase error 
is “1”. If an erase error occurs, that is, the signal ERROR is 
“1”, then the erase operation is ended (in step ST5). 
0.071) If data erase is Surely executed, that is, the signal 
ERROR is “0”, a convergence step is executed (in step ST6). 
0.072 The convergence step is executed according to 
procedures shown in the Sub-routine of FIG. 11. 

0073 First, the address Add (only columns are selected 
and all row address are unselected) of the address counter 16 
is Set at the initial value and the numerical value of the timer 
25 (corresponding to the number of convergence steps) is set 
at the initial value “0” (in steps ST81 to ST82). In the 
potential generating circuit 22, internal power Supply for 
leak check LCK. is set up (in step ST83). 
0074 Thereafter, a column leak check (leak check for 
memory cells in units of columns) is carried out (in Step 
ST84). 
0075. The column leak check is to check a leak current 
flowing through a Selected column and to determine whether 
or not a memory cell in an over-erase State exists while all 
rows (word lines) are unselected and one column is selected. 
0.076 Namely, if the total leak current of all the memory 
cells in the Selected column is lower than a reference value, 
it is determined that the data of the selected column is “0” 
If the total leak current of all the memory cells in the selected 
column is higher than the reference value, it is determined 
that the data of the selected column is “1”. 

0.077 Here, the reference value can be replaced by the 
threshold value of a memory cell. That is, this threshold 
value is assumed as an over-erase Verify threshold value 
OEVT. The over-erase verify threshold value OEVT is set at, 
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for example, about 0.5V. This Setting is made because a leak 
current occurs to a memory cell having a threshold value 
lower than 0.5V. 

0078. The data of the selected column is compared with 
an expected value “0” (in step ST85). 
0079 If the data of the selected column does not coincide 
with the expected value “0”, convergence NG is determined 
and a self convergence step (an operation for eliminating the 
over-erase State) is executed Simultaneously to all of the 
memory cells in the Selected column. 
0080. The convergence step can be also referred to as a 
weak program Step. The weak program Step means a pro 
gram operation for Setting a potential applied to the control 
gate (word line) of the Selected memory cell low. In the weak 
program Step, the potential of the Selected word line is Set at, 
for example, Vpw (e.g., a potential less than 10V). 
0081. This convergence step is repeatedly carried out 
until the Cycle reaches a preset number Limit and the data 
of the selected column coincides with the expected value “0” 
(in steps ST86, ST88 and ST89). 
0082 Further, when the Cycle or the number of program 
Steps for the Selected column reaches the preset number 
Limit, the convergence Step is ended even if the data of the 
Selected column does not coincide with the expected value 
“0” (in step ST86). 
0083. At this moment, a signal ERROR indicating that a 
convergence has not been completely executed is set at “1” 
(in step ST87). 
0084. On the other hand, if the data of the selected 
column coincides with the expected value “0”, convergence 
OK is determined for all the memory cells in the selected 
column and the address Add is advanced by one, whereby 
the same operation is carried out to memory cells in the next 
column (in step ST91). 
0085. If the data of the selected column coincides with 
the expected value “0” and the address Add corresponds to 
an address for Selecting the final column in the block, then 
the convergence Step is ended. 
0086. When the convergence step is ended for all col 
umns, the threshold voltage distribution of the memory cells 
in the selected block is that shown in, for example, FIG. 12 
(in step ST90). 
0087 Next, it is checked whether or not the signal 
ERROR indicating that convergence has not been com 
pletely executed is “1”. If the signal ERROR is “1”, the erase 
operation is ended (in step ST7). 
0088. If the signal ERROR is “0”, internal power supply 
for erase verify E. V. is Set up in the potential generating 
circuit 22 (in step ST8). 
0089. Thereafter, the data of all memory cells in the 
selected block are read (in step ST9). The data of all the 
memory cells are compared with the expected value “1” (in 
step ST10). 
0090 That is, it is assumed that a potential (erase verify 
threshold value) EVT1 (e.g., 3.0V) which is the upper limit 
of the threshold values with which it can be determined that 
a memory cell is in an erase State, is a boundary value. If the 
threshold value of the selected cell is higher than a boundary 
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value, it is determined that the data of the selected cell is “0”. 
If the threshold value of the selected cell is lower than the 
boundary value, it is determined that the data of the Selected 
cell is “1”. 

0091) If the data of all the memory cells in the selected 
block coincide with the expected value “1”, the erase 
operation is ended. 

0092. If the data of all the memory cells in the selected 
block do not coincide with the expected value “1”, the erase 
operation is conducted again. 
0093. The reason for conducting erase verify after the 
convergence Step is that the upper limit of the threshold 
Voltage distribution of the memory cells may exceed the 
erase verify threshold value EVT1 again as a result of the 
convergence Step. 

0094) Meanwhile, in the NOR-type flash EEPROM, a 
write (program)/erase test for conducting data program Steps 
and data erase Steps repeatedly is executed as a product 
reliability test. 

0.095 The sequence of this write/erase test is shown in 
FIG. 13. Namely, the sequence is the same as the above 
Stated automatic erase Sequence except that the data program 
StepS and data erase Steps are repeatedly carried out until the 
number N of write/erase cycles reaches a maximum number 
Nmax. That is, the Sub-routine of the program Step is that 
shown in FIG. 7, the Sub-routine of the erase step is that 
shown in FIG. 9 and the Sub-routine of the convergence step 
is that shown in FIG. 11. 

0.096 AS stated above, in the conventional NOR-type 
flash EEPROM, to prevent the occurrence of memory cells 
in the Over-erase State, for example, the erase Sequence of 
the erase operation or that of the write/erase test includes a 
convergence Step. 

0097. This convergence step, however, increases time for 
block erase (or chip erase) conducted to the memory cells. 
0.098 After data erase, in particular, if the threshold 
voltage distribution of the memory cells becomes too wide 
and many memory cells in the over-erase State occur, then it 
is required to carry out a column leak check and a conver 
gence Step (weak program) to almost all bit lines (columns) 
Sequentially and block erase (or chip erase) time thereby 
becomes very long. 
0099 For example, if the erase step for taking out elec 
trons from the floating gate to the channel requires about 100 
ms, the convergence Step requires about 1 s and the 
pre-program Step executed for all bits requires about 700 
ms, then the erase operation (the pre-program Step, the 
erase Step and the convergence Step) requires at least about 
1.8 s. 
0100 Further, as stated above, a write/erase test for 
carrying out the program operation and the erase operation 
repeatedly is conducted as a reliability test in, for example, 
the flash EEPROM. In this case, the erase operation natu 
rally includes a convergence Step. 
0101 Consequently, if the program operation and the 
erase operation are repeatedly carried out, for example, 
about 1000 times, it takes 1.8 six1000=1800s), i.e., 30 
minutes per block. 

Jan. 10, 2002 

0102) Meanwhile, since test time is proportional to test 
cost, the longer test time means higher test cost. 
0103) If the convergence step is eliminated from the erase 
operation during the write/erase test, time for one write/erase 
cycle becomes 0.8s in the above case. Thus, if the program 
operation and the erase operation are repeatedly carried out 
about 1000 times, it takes 0.8 six 1000=800s) per block, 
making it possible to halve test time compared with that for 
the operation including the convergence Step. 

0104. The flash EEPROM having the erase sequence in 
which the convergence Step is executed, requires test time 
twofold of that for the flash EEPROM having the erase 
Sequence without the convergence Step and test cost for the 
former EEPROM is pushed up accordingly. 

0105 These situations become quite serious for, for 
example, a low-voltage NOR-type flash EEPROM. Namely, 
if Voltage is lowered and a power Supply potential Vcc is 
decreased from, for example, 5V to about 3V, then a 
potential (read potential) Vcc applied to a selected word line 
is decreased as well. 

0106 The decrease of the read potential Vcc means that 
the threshold voltage distribution of memory cells after 
block erase has to fall within a narrow range between Vss 
(OV) and Vcc. 
0107. In this case, as shown in, for example, FIG. 14, an 
erase verify threshold value EVT1 as a reference for erase 
verify is lowered. Due to this, if the width of the threshold 
distribution of the memory cells after block erase remains 
the same, the lower limit EVTL of the threshold voltage 
distribution is lowered as well. As a result, the lower limit 
EVTL becomes far lower than the above-stated over-erase 
verify threshold value OEVT. In the convergence step, the 
number of memory cells, to which the weak program for 
setting the lower limit EVTL higher than the over-erase 
verify threshold value OEVT is conducted, increases, result 
ing in longer test time. 

BRIEF SUMMARY OF THE INVENTION 

0108. The present invention has been made to solve the 
above-Stated disadvantages. It is, therefore, an object of the 
present invention to provide a novel erase Sequence in which 
no memory cell in an over-erase State occurs during erase 
operation in a flash EEPROM which may have a disadvan 
tage if a memory cell in an over-erase State occurs, thereby 
to eliminate a convergence Step (weak program) from the 
erase operation, to Shorten erase operation time, to shorten 
test time and to, therefore, reduce test cost. 

0109) A nonvolatile semiconductor memory according to 
the present invention comprises a control circuit outputting 
a first control Signal during an erase verify operation; a 
potential generating circuit generating one of the first erase 
verify threshold value and the second erase verify threshold 
value higher than the first erase verify threshold value based 
on the first control Signal; and a verify circuit determining a 
data value read from a memory cell by means of one of the 
first and Second erase Verify threshold values, comparing the 
data value with an expected value and determining whether 
data erase is completed. If the potential generating circuit 
generates the Second erase verify threshold value, the lower 
limit of the threshold voltage distribution is higher than an 
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over-erase Verify threshold value Serving as a reference to 
determine whether an over-erase cell exists. 

0110. An erase verify method of a nonvolatile semicon 
ductor memory according to the present invention comprises 
the Steps of, while assuming a first erase verify threshold 
value as EVT1, a lower limit of the first threshold voltage 
distribution obtained after completion of data erase as EVTL 
when erase Verify read is conducted using the erase verify 
threshold value, the second erase verify threshold value 
higher than the first erase verify threshold value as EVT2 
and an over-erase verify threshold value Serving as a refer 
ence to determine whether an over-erase cell exists as 
OEVT, setting a relationship of EVT2-EVT12 OEVT 
EVTL, and after conducting an erase Step to a memory cell 
to which the data erase is conducted, conducting the erase 
Verify read using the Second erase verify threshold value and 
determining a data value read from the memory cell. If the 
erase verify read is conducted using the Second erase verify 
threshold value, the lower limit of the second threshold 
Voltage distribution obtained after completion of the data 
erase is higher than the over-erase verify threshold value. 

0111 Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0112 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 

0113 FIG. 1 shows a conventional NOR-type flash 
EEPROM; 

0114 FIG. 2 shows a memory cell array shown in FIG. 
1; 

0115 FIG. 3 shows the device structure of a region 
enclosed by broken line X of FIG. 2; 

0116 FIG. 4 is a cross-sectional view taken along the 
line IV-IV of FIG. 3; 

0117 FIG. 5 is a cross-sectional view taken along the 
line V-V of FIG. 3; 

0118 FIG. 6 shows a conventional automatic erase 
Sequence, 

0119 FIG. 7 shows the sub-routine of a PROGRAM 
STEP; 

0120 FIG. 8 shows a threshold voltage distribution of 
cells after the PROGRAM STEP; 

0121 FIG. 9 shows the sub-routine of an ERASE STEP; 
0122 FIG. 10 shows the threshold voltage distribution of 
the cells after the ERASE STEP; 
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0123 FIG. 11 shows the sub-routine of a CONVER 
GENCE STEP; 

0.124 FIG. 12.shows the threshold voltage distribution of 
the cells after the CONVERGENCE STEP; 
0.125 FIG. 13 shows the sequence of a conventional 
program test, 

0.126 FIG. 14 is an explanatory view for memory cells in 
an OVer-erase State, 

O127 FIG. 15 shows a NOR-type flash EEPROM 
according to the present invention; 
0128 FIG. 16 shows a circuit generating an erase verify 
threshold value; 
0.129 FIG. 17 is a waveform view showing the operation 
of the circuit of FIG. 16; 
0.130 FIG. 18 shows a circuit generating a program 
verify threshold value; 
0131 FIG. 19 is a waveform view showing the operation 
of the circuit of FIG. 18; 
0132 FIG. 20 is an explanatory view for the principle of 
the present invention; 
0.133 FIG. 21 is an explanatory view for the principle of 
the present invention; 
0.134 FIG.22 is an explanatory view for the principle of 
the present invention; 
0.135 FIG. 23 shows an automatic erase sequence to 
which the present invention is applied; 

0136 FIG. 24 is shows the sub-routine of a PROGRAM 
STEP; 

0137 FIG.25 shows the threshold voltage distribution of 
cells after the PROGRAM STEP; 

0138 FIG. 26 shows the sub-routine of an ERASE 
STEP; 

0139 FIG.27 shows the threshold voltage distribution of 
the cells after the ERASE STEP; 

0140 FIG. 28 shows the sequence of a program test to 
which the present invention is applied; 
0141 FIG. 29 is a block diagram showing the important 
parts of a flash memory according to the present invention; 
0.142 FIG. 30 shows the specific example of a potential 
generating circuit shown in FIG. 29; 
0.143 FIG.31 is a waveform view showing the operation 
of the memory shown in FIG. 29; 
014.4 FIG. 32 shows an example of a part of an ATD 
circuit; 

014.5 FIG. 33 shows an example of another part of the 
ATD circuit; 

0146) 
circuit; 

FIG. 34 shows an example of a pulse generating 

0147 FIG, 35 shows an example of a sense amplifier; 
0.148 FIG. 36 shows a modified example of the potential 
generating circuit shown in FIG. 30; and 
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0149 FIG. 37 shows a modified example of a booster. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0150. A 
0151. A nonvolatile semiconductor memory according to 
the present invention will be described in detail hereinafter 
with reference to the accompanying drawings. 
0152 FIG. 15 shows the important parts of a NOR-type 
flash EEPROM according to the present invention. 
0153. A memory cell array 11 consists of a plurality of 
blocks and each block consists of NOR-type memory cells. 
0154) External addresses A0, A1 to A17 are input to a 
multiplexer 13 either directly or through an address register 
12. An address counter 16 generates internal addresses. The 
multiplexer 13 feeds either an external address or an internal 
address to a row decoder 14 and a column decoder 15. 

O155 Input data is fed to a data input register 18 and a 
command register 19 through an input/output buffer 17. The 
data of the data input register 18 is Supplied to memory cells 
through a column Selecting circuit 20. 
0156 The command register 19 recognizes a command 
consisting of an address and a data and outputs a control 
Signal to the address register 12, the multiplexer 13, the data 
input register 18 and a control circuit 21 in response to the 
command. 

O157 The control circuit 21 recognizes an operation 
mode to be executed next based on the control Signal output 
from the command register 19. 
0158) A potential generating circuit 22 generates various 
potentials corresponding to operation modes. The potential 
generated by the potential generating circuit 22 is applied to 
the control gates and the bit lines of the memory cells in each 
operation mode. 

0159. The present invention is characterized by an erase 
Verify threshold value for erase verify operation, i.e., a read 
potential applied to a Selected word line during erase verify 
read operation. Namely, the control circuit 21 applies a new 
control Signal MD peculiar to the present invention to the 
potential generating circuit 21 during the erase Verify opera 
tion. The potential generating circuit 22 can change the erase 
Verify threshold value for the erase Verify operation, i.e., the 
read potential during the erase verify operation based on the 
control signal MD. 
0160 Likewise, the present invention is characterized by 
a program verify threshold value for program verify opera 
tion, i.e., a read potential applied to a Selected word line 
during program verify operation. Namely, the control circuit 
21 applies a new control Signal MD peculiar to the present 
invention to the potential generating circuit 22 during the 
program Verify operation. The potential generating circuit 
22 can change the program verify threshold value for the 
program Verify operation, i.e., the read potential during the 
program verify operation. 

0.161 The verify circuit 23 determines whether or not 
data program operation or data erase operation is Surely 
conducted to the Selected memory cell and outputs a result 
VERIOK to the control circuit 21. 
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0162. A final address detecting circuit 24 outputs a detec 
tion signal AEND indicating whether or not the final address 
of each block of the memory cell array 11 is detected and 
outputs a detection signal BEND indicating whether or not 
the final block of the memory cell array 11 is detected. 
0163 A timer 25 counts the number of program steps or 
the number of erase StepS conducted to the Selected memory 
cell. The timer 25 outputs a time out signal TIME OUT to 
the control circuit 21 when the number of program Steps or 
that of erase Steps for the Selected memory cell reaches a 
predetermined number. 
0164. A clock generating signal 26 generates a clock for 
controlling the internal operation of the flash EEPROM 
based on a write enable signal WE, a chip enable signal CE, 
an output enable Signal OE and the like. 
0.165 FIG. 16 shows an example of a circuit arranged in 
the potential generating circuit 22 of FIG. 15 and generating 
a potential applied to a Selected word line during erase verify 
read operation. 
0166 A reference potential Vref is input to the negative 
side input terminals of operational amplifiers 31 and 32. The 
output terminal of the operational amplifier 31 is connected 
to the gate of a P-channel type MOS transistor P1 and the 
output terminal of the operational amplifier 32 is connected 
to the gate of an N-channel type MOS transistor N1. 
0167. The two MOS transistors P1 and P2 are connected 
in Series between a high potential Side power Supply termi 
nal Vpp and a low potential side power Supply terminal VSS. 
The connection node (drain) n1 between the two MOS 
transistors P1 and P2 serves as the output terminal of this 
circuit. 

0168 Three resistors R1, R2 and R3 and an N-channel 
type MOS transistor N3 are connected in series between the 
connection node n1 and the low potential Side power Supply 
terminal VSS. The connection node n2 between the resistors 
R1 and R2 is connected to the positive Side input terminals 
of the operational amplifiers 31 and 32. 
0169. That is to say, in this circuit, the potential Vreg of 
the output node n1 is set so that the reference potential Vref 
is equal to the potential of the connection node n2. 
0170 The connection point between the resistors R2 and 
R3 is a connection node n3. An N-channel type MOS 
transistor N2 is connected between the connection node N3 
and the low potential Side power Supply terminal VSS. 

0171 Control signals MD and EV are input to an NAND 
circuit NA1. The output terminal of the NAND circuit NA1 
is connected to the gate of the MOS transistor N2 through an 
inverter 12. The inverted signal of the control signal MD and 
the control signal EV are input to an NAND circuit NA2. 
The output terminal of the NAND circuit NA2 is connected 
to the gate of the MOS transistor N3 through an inverter I3. 
0172 The control signal EV turns into “1” during the 
erase verify operation. When the control signal MD is “0” 
during the erase verify operation, the MOS transistor N2 is 
turned off and the MOS transistor N3 is turned on. Thus, the 
output signal Vreg turns into Vev1. When the control signal 
MD is “1” during the erase verify operation, the MOS 
transistor N2 is turned on and the MOS transistor N3 is 
turned off. Thus, the output signal Vreg turns into Vev2. 
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0173 As shown in FIG. 17, Vev1 and Vev2 satisfy the 
relationship of Vev1<Vev2. That is, if the resistor R3 is 
present between the node n3 and the low potential side 
power Supply terminal VSS, the output signal Vreg turns into 
Vev1. If the resistor R3 is not present between the node n3 
and the low potential side power Supply terminal VSS, the 
output signal Vreg turns into Vev2 higher than Vev1. 
0.174 FIG. 18 shows an example of a circuit arranged in 
the potential generating circuit shown in FIG. 15 and 
generating a potential applied to the Selected word line 
during program verify read operation. 
0.175. A reference potential Vref is input to the negative 
side input terminals of operational amplifiers 33 and 34. The 
output terminal of the operational amplifier 33 is connected 
to the gate of a P-channel type MOS transistor P2 and the 
output terminal of the operational amplifier 34 is connected 
to the gate of an N-channel type MOS transistor N4. 
0176) The two MOS transistors P2 and N4 are connected 
in Series between a high potential Side power Supply termi 
nal Vpp and a low potential Side power Supply terminal VSS. 
The connection node (drain) n-1 between the two MOS 
transistors P2 and N4 serves as the output terminal of this 
circuit. 

0177. Three resistors R4, R5 and R6 and an N-channel 
type MOS transistor N6 are connected in series between the 
connection node na and the low potential Side power Supply 
terminal VSS. The connection node n5 between the resistors 
R4 and R5 is connected to the positive side input terminals 
of the operational amplifiers 33 and 34. 
0.178 That is, in this circuit, the potential Vreg of the 
output node na is Set So that the reference potential Vref is 
equal to the potential of the connection node n5. 
0179 The connection point between the resistors R5 and 
R6 is a connection node nó. An N-channel type MOS 
transistor N5 is connected between the connection node nó 
and the low potential Side power Supply terminal VSS. 
0180 Control signals MD and PV are input to an NAND 
circuit NA3. The output terminal of the NAND circuit NA3 
is connected to the gate of an MOS transistor N5 through an 
inverter I5. The inverted signal of the control signal MD and 
the control signal PV are input to an NAND circuit NA4. 
The output terminal of the NAND circuit NA4 is connected 
to the gate of an MOS transistor N6 through an inverter I6. 
0181. The control signal PV turns into “1” during pro 
gram verify operation. When the control signal MD is “0” 
during the program verify operation, the MOS transistor N5 
is turned off and the MOS transistor N6 is turned on. Thus, 
the output signal Vreg turns into VpV1. When the control 
Signal MD is “1” during the program Verify operation, the 
MOS transistor N5 is turned on and the MOS transistor N6 
is turned off. Thus, the output Signal Vreg turns into Vp2. 
0182. As shown in FIG. 19, VpV1 and VpV2 satisfy the 
relationship of VpV1-VpV2. That is, if the resistor R6 is 
present between the node nó and the low potential side 
power Supply terminal VSS, the output signal Vreg turns into 
Vp1. If resistor R6 is not present between the node né and 
the low potential Side power Supply terminal VSS, the output 
signal Vreg turns into VpV2 higher than VpV1. 
0183 Needless to say, a circuit generating a program 
potential Vpp for program operation and an erase potential 
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Vee for erase operation besides the circuits shown in FIGS. 
16 and 18 is arranged in the potential generating circuit 22 
shown in FIG. 15. If a program method for gradually 
changing the program potential Vpp during the program 
operation, in particular, a program potential generating cir 
cuit having the same configuration as that of the circuit 
shown in FIG. 16 or 18 is arranged in the potential gener 
ating circuit 22. 
0.184 Next, the concept of erase operation according to 
the present invention by employing the NOR-type flash 
EEPROM shown in FIGS. 15 to 19 will be described. 

0185. First, as preconditions, it is assumed that a normal 
program verify threshold value is PVT1, a nomal erase 
verify threshold is EVT1 and an over-erase verify threshold 
value is OEVT. 

0186 If a block erase (chip erase) operation or a write/ 
erase test is conducted under these conditions, first, all 
memory cells in each block are turned into a “0”-program 
ming state as shown in FIG. 20. At this moment, the 
program verify threshold value is set at PVT1 according to 
the above-Stated preconditions, So that the threshold Voltage 
distribution of the memory cells in the “0” state in the block 
is that shown in FIG. 20. 

0187 Next, data erase operation is conducted to all the 
memory cells in the block. Since the erase verify threshold 
value during this erase operation is set at EVT1, the thresh 
old voltage distribution of the memory cells in the “1” state 
(erase State) in the block after the erase operation is that 
shown in FIG. 20. Namely, the threshold voltage distribu 
tion of the memory cells in the erase State in the block has 
an upper limit EVT1 and a lower limit EVTL. 
0188 On the other hand, since the over-erase verify 
threshold value is set at OEVT, it is judged that the memory 
cells having threshold values lower than the over-erase 
verify threshold value OEVT are in an over-erase state (as 
shown in a hatched portion in FIG. 20). 
0189 Due to this, as show in FIG. 21, a weak program 
is conventionally conducted to the memory cells having 
threshold values lower than the over-erase verify threshold 
value OEVT in a convergence Step. As a result, the lower 
limit EVTL of the threshold voltage distribution of the 
memory cells in the erase State in the block becomes not leSS 
than the over-erase verify threshold value OEVT. 
0190. In other words, due to the convergence step (weak 
program), time required for the block erase (or chip eras) 
operation and write/erase test conventionally increases. 
0191 Considering this, according to the present inven 
tion, the difference VH (=OEVT-EVTL) between the lower 
limit EVTL of the threshold voltage distribution of the 
memory cells in the block and the over-erase verify thresh 
old value OEVT after the erase operation is determined in 
advance as shown in FIG. 20. 

0.192 When data erase is conducted to the memory cells 
in the block, the erase verify threshold value EVT2 is set at 
a potential higher than EVT1 by VH or more as shown in 
FIG.22. That is, although the shape of the threshold voltage 
distribution (threshold voltage distribution width) does not 
change per se, the erase Verify threshold value for the erase 
Verify operation conducted after data erase is set at EVT2, 
whereby the lower limit EVTL of the threshold voltage 
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distribution of the memory cells in the block after the erase 
operation never fails to be not less than the over-erase verify 
threshold value OEVT (as indicated by a solid line shown in 
FIG.22). 
0193 As can be seen from the above, according to the 
present invention, the erase verify threshold value is Set at 
EVT2 which satisfies the following relationship and the 
memory cells in the over-erase State do not occur, with the 
result that the present invention can advantageously dis 
pense with the convergence Step: 

0194 Further, the present invention can also switch these 
two types of erase verify threshold values EVT1 and EVT2 
according to an operation mode. 
0.195 AS described above, the disadvantage of including 
the convergence Step in the erase operation becomes par 
ticularly Serious during the write/erase test. This is because 
the program Step and the erase Step are conducted repeatedly 
a number of times (e.g., about 1000 times) in the write/erase 
teSt. 

0196. Owing to this, EVT1 can be used as the erase verify 
threshold value in the erase mode during normal operation 
and EVT2 can be used as the erase verify threshold value in 
the erase mode during the write/erase test. This makes it 
possible to eliminate the convergence Step from the erase 
operation during the write/erase test and to thereby reduce 
test cost resulting from the shortened test time. 
0197) In the erase mode during normal operation, EVT1 
is used as the erase verify threshold value and the conver 
gence Step is executed, thereby making it possible to easily 
converge the threshold Voltage distribution of the memory 
cells after data erase between VSS and Vcc and to deal with 
the lowered Voltage of the power Supply potential Vcc. 
0198 In the meantime, when the erase verify threshold 
value is set at ETV2, the program verify threshold value can 
be also changed from PVT1 to a potential PVT2 shown in 
the following formula So as to make the quantity of charge 
passed through tunnel oxide films during the write/erase test 
according to the present invention equal to the quantity of 
charge passed through the tunnel oxide films during the 
normal operation (conventional write/eras test): 

= PVT1 + (EVT2 - EVTI). 

0199 That is, in order to improve the reliability of the 
write/erase test (tunnel oxide film durability test), it is 
necessary to make the quantity of charge passed through the 
tunnel oxide films during the write/erase test equal to the 
quantity of charge passed through the tunnel oxide films 
during the normal operation. On the other hand, the quantity 
of charge passed through the tunnel oxide films is Substan 
tially equal to the difference between the threshold value of 
the memory cells in the erase state (“1” state) and that of the 
memory cells in the program State (“0” state). 
0200. Accordingly, if the program verify threshold value 
during the write/erase test is set at PVT2, the difference 
between the threshold value of the memory cells in the 
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program State and that of the memory cells in the erase State 
during the write/erase test, i.e., the difference between the 
lower limit PVT2 of the threshold voltage distribution of the 
memory cells in the program State and the upper limit EVT2 
of the threshold voltage distribution of the memory cells in 
the erase State can be made equal to the difference between 
the threshold value of the memory cells in the program State 
and that of the memory cells in the erase State during the 
normal operation, i.e., the difference between the lower limit 
PVT1 of the threshold voltage distribution of the memory 
cells in the program state and the upper limit EVT1 of the 
threshold voltage distribution of the memory cells in the 
erase State as follows: 

0201 In this way, if PVT2 is used as the program verify 
threshold value while the EVT2 is used as the erase verify 
threshold value, it is possible to make the quantity of charge 
passed through the tunnel oxide films of the memory cells 
Substantially equal between the write/erase test and the 
normal operation, So that the reliability of the write/erase test 
(tunnel oxide film durability test) can be improved. 
0202 Next, an erase sequence to which the present 
invention is applied will be described hereinafter. 
0203 FIG.23 shows an example of the erase sequence to 
which the present invention is applied. 

0204. It is noted that each of the circuits referred to in the 
following description is that shown in FIG. 15. 

0205 First, when the command register 19 confirms an 
erase command and the block of the memory cell array 11 
for which erase operation is to be executed, the control 
circuit 21 controls the operations of the respective circuits in 
the chip So as to execute the erase Sequence shown in FIG. 
23. 

0206 Specifically, after the address counter 16, the timer 
25 and the like are reset, a pre-program Step is executed for 
memory cells in a selected block (in steps ST1 to ST2). 
0207. The pre-program step is executed according to 
procedures shown in the sub-routine of FIG. 24. 

0208 First, the control signal PV is set at “1” and the 
control signal MD is set at “1” by the control circuit 21. By 
So setting, the program verify threshold value (threshold 
value) is switched to PVT2 (in step ST40). 
0209 Also, the address Add of the-address counter 16 is 
set at an initial value “0” and the numerical value Cycle of 
the timer 25 (corresponding to the number of program steps) 
is set at an initial value “0” (in steps ST41 to ST42). In the 
potential generating circuit 22, internal power Supply for 
program verify P. V. is set up (in step ST43). 
0210. Thereafter, the data of a memory cell selected by 
the address Add is read (in step ST44). The data of the 
memory cell (selected cell) selected by the address Add is 
compared with program data “0” (in step ST45). 
0211 Namely, it is assumed that a potential (program 
verify threshold value) PTV2 which is the lower limit of the 
threshold values with which it can be determined that a 
memory cell is in a program State, is a boundary value. If the 
threshold value of the selected cell is higher than the 
boundary value, it is determined that the data of the Selected 
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cell is “0”. If the threshold value of the selected cell is lower 
than the boundary value, it is determined that the data of the 
Selected cell is “1”. 

0212) If the data of the selected cell does not coincide 
with the program data “0”, program NG is determined and 
a data program step (injection of electrons into a floating 
gate) is executed for the Selected cell. 
0213 This data program step is repeatedly carried out 
until the Cycle reaches a preset number Limit and the data 
of the selected cell coincides with the program data “0” (in 
steps ST48 to ST49). 
0214) When the Cycle or the number of program steps 
conducted to the Selected cell reaches the preset number 
Limit, the pre-program Step is ended even if the data of the 
Selected data does not coincide with the program data (in 
step ST46). 
0215. In this case, a signal ERROR indicating that a 
program error occurs is set at “1” (in step ST47). 
0216. On the other hand, if the data of the selected data 
coincides with the program data “0”, it is determined that the 
program of the Selected cell is OK and the address Add is 
advanced by one, whereby the same operation is carried out 
to a memory cell (Selected cell) at the next address. At this 
moment, the numerical value of the timer 25 is reset at the 
initial value (in steps ST42 and ST51). 
0217. If the data of the selected cell coincides with the 
program data “0” and the address Add corresponds to the 
final address in the block, then the pre-program step is 
ended. At this moment, the threshold voltage distribution of 
the memory cells in the selected block is that shown in FIG. 
25 (in step ST50). 
0218. Next, it is checked whether or not the signal 
indicating the presence of a program error is “1”. If a 
program error occurs, that is, the signal ERROR is “1”, then 
the erase operation is ended (in Step ST3). 
0219. If the pre-program step is Surely executed, that is, 
the signal ERROR is “0”, then an erase step is executed (in 
step ST4). 
0220. The eras step is executed according to procedures 
shown in the Sub-routine of FIG. 26. 

0221 First, the control signal EV is set at “1” and the 
control signal MD is set at “1” by the control circuit 21. By 
So setting, the erase verify threshold value (threshold value) 
is switched to EVT2 (in step ST60). 
0222 Also, the address Add of the address counter 16 is 
set at the initial value “0” and the numerical value Cycle of 
the timer 25 (corresponding to the number of erase steps) is 
set at the initial value “0” (in steps ST61 to ST62). In the 
potential generating circuit 22, internal power Supply for 
erase verify E. V. is set up (in step ST63). 
0223) Thereafter, the data of a memory cell selected by 
the address Add is read (in step ST64). The data of the 
memory cell (selected cell) selected by the address Add is 
compared with an expected value “1” (in step ST65). 
0224) That is, it is assumed that a potential (erase verify 
threshold value) EVT2 which is the upper limit of the 
threshold values with which it can be determined that a 
memory cell is in an erase State, is a boundary value. If the 

Jan. 10, 2002 

threshold value of the selected cell is higher than the 
boundary value, it is determined that the data of the Selected 
cell is “0”. If the threshold value of the selected cell is lower 
than the boundary value, it is determined that the data of the 
Selected cell is “1”. 

0225. If the data of the selected cell does not coincide 
with the expected value “1”, erase NG is determined and a 
data erase Step (an operation for taking out electrons in the 
floating gate) is executed to all the memory cells in the 
Selected block. 

0226 Here, data erase is executed to all the memory cells 
in the Selected block, which operation is peculiar to the flash 
EEPROM. Thus, the data erase step is executed even to the 
memory cells other than the Selected cell in which data erase 
has been already. completed. 
0227. This data erase step is repeatedly carried out until 
the Cycle reaches a preset number Limit and the data of the 
Selected cell coincides with the expected value “1” (in Steps 
ST66, ST68 and ST69). 
0228. When the Cycle or the number of program steps to 
the Selected cell reaches the preset number Limit, the erase 
operation is ended even if the data of the Selected cell does 
not coincide with the expected value “1” (in step ST66). 
0229. At this moment, a signal ERROR indicating that an 
erase step occurs is set at “1” (in step ST67). 
0230. On the other hand, if the data of the selected cell 
coincides with the expected value “1”, erase OK is deter 
mined and the address Add is advanced by one, whereby the 
same operation is carried out to a memory cell (selected cell) 
at the next address. At this moment, the numerical value of 
the timer 25 is not reset at the initial value. This is because 
the erase operation is carried out to all memory cells (in Step 
ST71). 
0231. If the data of the selected cell coincides with the 
expected value “1” and the address Add corresponds to the 
final address in the block, then the erase operation is ended. 
At this moment, the threshold distribution of the memory 
cells in the Selected block is that shown in, for example, 
FIG. 27. Namely, the lower limit of the threshold voltage 
distribution of the memory cells in the “1” state in the block 
does not go below the over-erase verify threshold value 
OEVT (in step ST70). 
0232 Next, it is checked whether or not the signal 
ERROR indicating the presence or absence is “1”. If an 
erase error occurs, that is, the signal ERROR is “1”, then the 
erase operation is ended (in step ST5). 
0233 Even if data erase is Surely executed, that is, the 
signal ERROR is “0”, the erase operation is ended without 
executing a convergence step (in Step ST5). 
0234 Meanwhile, the erase sequence of the present 
invention is quite effective, as a product reliability test, for 
the write/erase test in which a program operation and an 
erase operation are repeatedly conducted. 
0235 That is, during the normal operation, if the control 
signal PV or the control signal EV is “1”, the control signal 
MD is set at “0” and the normal program verify threshold 
value PVT1 or the erase verify threshold value EVT1 is 
used. In addition, during the write/erase test, if the control 
signal PV or the control signal EV is “1”, the control signal 
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MD is set at “1” and the program verify threshold value 
PVT2 or the erase verify threshold value EVT2 higher than 
the PVT1 or EVT1, respectively, is used. 
0236 FIG. 28 shows the sequence of a write/erase test to 
which the present invention is applied. 
0237. It is noted that each of the circuits referred to in the 
following description is that shown in FIG. 15. 
0238 First, the address counter 16, the timer 25 and the 
like are reset and the number N of write/erase cycles is Set 
at “0”. Then, a program Step is executed to memory cells in 
a selected block (in steps ST1 to ST2). 
0239). The program step is executed according to proce 
dures shown in the Sub-routine of FIG. 24. 

0240 First, the control circuit 21 sets the control signal 
PV at “1” and the control signal MD at “1”. By so setting, 
the program verify threshold value (threshold value) is 
switched to PVT2 (in step ST40). 
0241. Also, the address Add of the address counter 16 is 
set at the initial value “0” and the numerical value Cycle of 
the timer 25 (corresponding to the number of program steps) 
is set at the initial value “0” (in steps ST41 to ST42). In the 
potential generating circuit 22, internal power Supply for 
program verify P. V. is set up (in step ST43). 
0242. Thereafter, the data of a memory cell selected by 
the address Add is read (in step ST44). The data of the 
memory cell (selected cell) selected by the address Add is 
compared with program data “0” (in step ST45). 
0243 That is, it is assumed that a potential (program 
verify threshold value) PTV2 which is the lower limit of the 
threshold values with which it can be determined that a 
memory cell is in a program State, is a boundary value. If the 
threshold value of the selected cell is higher than the 
boundary value, it is determined that the data of the Selected 
cell is “0”. If the threshold value of the selected cell is lower 
than the boundary value, it is determined that the data of the 
Selected cell is “1”. 

0244 If the data of the selected cell does not coincide 
with the program data “0”, program NG is determined and 
a data program step (injection of electrons in the floating 
gate) is executed to the Selected cell. 
0245. This data program step is repeatedly carried out 
until the Cycle reaches a preset number Limit and the data 
of the selected cell coincides with the program data “0” (in 
steps ST48 to ST49). 
0246 When the Cycle or the number of program steps 
conducted to the Selected cell reaches the preset number 
Limit, the pre-program Step is ended even if the data of the 
Selected data does not coincide with the program data (in 
step ST46). 
0247. In this case, a signal ERROR indicating that a 
program error occurs is set at “1” (in step ST47). 
0248. On the other hand, if the data of the selected data 
coincides with the program data “0”, program OK is deter 
mined and the address Add is advanced by one, whereby the 
same operation is carried out to a memory cell (selected cell) 
at the next address. At this moment, the numerical value of 
the timer 25 is reset at the initial value (in steps ST42 and 
ST51). 

Jan. 10, 2002 

0249. If the data of the selected cell coincides with the 
program data “0” and the address Add corresponds to the 
final address in the block, then the pre-program Step is 
ended. At this moment, the threshold voltage distribution of 
the memory cells in the selected block is that shown in FIG. 
25 (in step ST50). 
0250) Next, it is checked whether or not the signal 
ERROR indicating the presence of a program error is “1”. If 
a program error occurs, that is, the Signal ERROR is “1”, 
then the product is determined as a defective product and the 
write/erase test is ended (in step ST3). 
0251) If the program step is Surely executed, that is, the 
signal ERROR is “0”, then an erase step is executed (in step 
ST4). 
0252) The erase Step is executed according to procedures 
shown in the Sub-routine of FIG. 26. 

0253 First, the control signal EV is set at “1” and the 
control signal MD is set at “1” by the control circuit 21. By 
So setting, the erase verify threshold value (threshold value) 
is switched to EVT2 (in step ST60). 
0254. Also, the address Add of the address counter 16 is 
set at the initial value “0” and the numerical value Cycle of 
the timer 25 (corresponding to the number of, erase steps) is 
set at an initial value “0” (in steps ST61 to ST62). In the 
potential generating circuit 22, internal power Supply for 
erase verify E. V. is set up (in step ST63). 

0255 Thereafter, the data of a memory cell selected by 
the address Add is read (in step ST64). The data of the 
memory cell (selected cell) selected by the address Add is 
compared with an expected value “1” (in step ST65). 
0256 That is, it is assumed that a potential (erase verify 
threshold value) EVT2 which is the upper limit of the 
threshold values with which it can be determined that a 
memory cell is in an erase State, is a boundary value. If the 
threshold value of the selected cell is higher than the 
boundary value, it is determined that the data of the Selected 
cell is “0”. If the threshold value of the selected cell is lower 
than the boundary value, it is determined that the data of the 
Selected cell is “1”. 

0257) If the data of the selected cell does not coincide 
with the expected value “1”, erase NG is determined and a 
data erase Step (an operation for taking out electrons in the 
floating gate) is executed to all the memory cells in the 
Selected block. 

0258 Here, data erase is executed to all the memory cells 
in the Selected block, which operation is peculiar to the flash 
EEPROM. Thus, the data erase operation is executed even 
to the memory cells other than the selected cell in which data 
erase has been already completed. 

0259. This data erase operation is repeatedly carried out 
until the Cycle reaches a preset number Limit and the data 
of the selected cell coincides with the expected value “1” (in 
steps ST66, ST68 and ST69). 
0260. When the Cycle or the number of erase steps to the 
Selected cell reaches the preset number Limit, the erase 
operation is ended even if the data of the Selected cell does 
not coincide with the expected value “1” (in step ST66). 
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0261. In this case, a signal ERROR indicating that an 
erase step occurs is set at “1” (in step ST67). 
0262. On the other hand, if the data of the selected cell 
coincides with the expected value “1”, erase OK is deter 
mined and the address Add is advanced by one, whereby the 
same operation is carried out to a memory cell (selected cell) 
at the next address. At this moment, the numerical value of 
the timer 25 is not reset at the initial value. This is because 
the erase operation is carried out to all memory cells (in Step 
ST71). 
0263. If the data of the selected cell coincides with the 
expected value “1” and the address Add corresponds to the 
final address in the block, then the erase operation is ended. 
At this moment, the threshold distribution of the memory 
cells in the Selected block is that shown in, for example, 
FIG. 27. Namely, since the lower limit of the threshold 
voltage distribution of the memory cells in the “1” state in 
the block does not go below the over-erase verify threshold 
value OEVT, there is no need to execute a convergence Step 
(in step ST70). 
0264. Next, it is checked whether or not the signal 
ERROR indicating the presence or absence is “1”. If an 
erase error occurs, that is, the signal ERROR is “1”, then the 
product is determined as a defective product and the write/ 
erase test is ended (in step ST5). 
0265. If data erase is Surely executed, that is, the signal 
ERROR is “0”, then it is checked whether or not the number 
N of write/erase cycles becomes a maximum value Nimax. If 
the number N of write/erase cycles does not reach the 
maximum value Nimax, the above-Stated program Step and 
erase Step are executed again. 

0266 If the number N of write/erase cycles reaches the 
maximum value Nimax, the product is determined as a 
non-defective product and the write/erase test is ended (in 
step ST5). 
0267 As stated so far, the nonvolatile semiconductor 
memory according to the present invention is capable of 
generating not only the normal program Verify threshold 
value PVT1 and the normal erase verify threshold value 
EVT1 but also the program verify threshold value PVT2 and 
the erase verify threshold value EVT2 higher than PVT1 and 
EVT1, respectively. 

0268 If the erase operation is carried out while using, for 
example, the program verify threshold value PVT2 and the 
erase verify threshold value EVT2, memory cells in an 
over-erase State do not occur and it is, therefore, possible to 
eliminate a convergence Step. This makes it possible to 
thereby complete the erase operation in Shorter time. 

0269. In the flash EEPROM, in particular, a write/erase 
test (tunnel oxide film durability test) is conducted as a 
reliability test. If EVT2 is used as the erase verify threshold 
value during the write/erase test, it is not necessary to 
execute a convergence test during the erase operation. This 
makes it, therefore, possible to greatly shorten test time and 
reduce test cost. Furthermore, if PVT2 is used as the 
program verify threshold value during the write/erase test, 
the quantity of charge (which can be replaced by the 
difference in threshold value PVT2-EVT2) passed through 
tunnel oxide films during the write/erase test can be made 
equal to the quantity of charge passed through the tunnel 
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oxide films during the normal operation (PVT1-EVT1). 
Hence, the reliability of the write/erase test can be improved. 

0270. Meanwhile, the write/erase test is to repeatedly 
conduct the program operation and the erase operation and 
to determine whether the data of the selected cell is “0” or 
“1” by the program verify threshold value (threshold value) 
and the erase verify threshold value (threshold value). That 
is to Say, during the write/erase test, Since the read potential 
Vcc which serves as a reference (threshold value) for 
judging whether the selected cell data is “0” or “1” is not 
used, the write/erase test can be conducted without difficulty. 

0271 Hence, by using PVT2 and EVT2 during the write/ 
erase test, it is possible to shorten test time. By using PVT1 
and EVT1 during the normal operation, it is possible to deal 
with the lowered voltage of the power Supply potential (read 
potential) Vcc. Needless to say, the normal operation 
requires that the erase operation includes a convergence 
Step. 

0272 B 

0273. Now, a nonvolatile semiconductor memory accord 
ing to the present invention will be described in detail with 
reference to the accompanying drawings. 

0274 The present invention relates to a potential gener 
ating circuit for generating a read potential (which is applied 
to the word line of a selected cell) in a read mode. 
0275. In case of an NOR-type flash EEPROM having 
binary data (“1” and “0”) stored in one memory cell, for 
example, the threshold value of a memory cell in a “1” state 
is set to fall within a predetermined range (positive value 
range) and that of a memory cell in a “0” state is set to be 
equal to or higher than the upper limit of this predetermined 
range. In the read mode, the potential of the word line of a 
Selected cell is Set at a read potential Vread between the 
threshold value of the memory cell in the “1” state and that 
of the memory cell in the “0” state, the potential of the word 
line of an unselected cell is Set at a ground potential Vgnd, 
and a Sense amplifier detects the potential change of a bit 
line, thereby determining the State of a memory cell. 

0276. In recent years, an external power Supply potential 
Vcc is lower and lower and the a read potential Vread (e.g., 
about 5V) is generated by boosting the external power 
Supply potential Vcc (e.g., about 2V) using a booster 
(charger pump circuit) within the potential generating cir 
cuit. Also, in the read mode, the potential generating circuit 
turns into an active State for a given period of time after the 
change of the external addresses Signal ADDi and the read 
potential Vread is generated. If the external address Signals 
ADDi are not changed over the given period of time after the 
change of the external address Signals ADDi, the potential 
generating circuit is Set in a Standby State to thereby reduce 
current consumption during the read operation. 

0277 Here, the active state means a state in which the 
row decoder is in an operative State and the read potential 
Vread is generated by the first potential generator having 
Strong driving force (high current consumption). In this case, 
due to the operative row decoder, a large load (Selected word 
line) is electrically connected to the potential generating 
circuit and the read potential Vread is transmitted to the 
Selected word line. 
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0278. Further, the standby mode means a state in which 
the row decoder is in an inoperative State and the read 
potential Vread is generated only by the Second potential 
generator having Small driving force (low current consump 
tion). In this case, due to the inoperative row decoder, a large 
load (selected word line) is not electrically connected to the 
potential generating circuit. The Second potential generator 
functions to maintain the potential of the output node of the 
potential generating circuit to be the read potential Vread in 
preparation for the next read operation. 
0279 According to the conventional potential generating 
circuit, however, the first potential generator having Strong 
driving force is always operative (So is the Second potential 
generator) in the active State. In the standby State, only the 
Second potential generating circuit having Small driving 
force is operative (and the first potential generator is inop 
erative). 
0280. In that case, if the potential of the output node of 
the potential generating circuit is lower than the read poten 
tial Vread when the State of the potential generator circuit is 
changed from the active State to the Standby State, the 
potential of the output node of the potential generating 
circuit is boosted to the read potential only by the Second 
potential generator having Small driving force. Due to this, 
when the next read operation Starts, that is, when the external 
address Signals ADDi are changed and the potential gener 
ating circuit returns to the active State, the potential of the 
output node of the potential generating circuit may Some 
times remain lower than the read potential Vread. If So, in the 
next read operation, for example, the potential of the 
selected word line is not sufficiently boosted, which may 
have an adverse effect on the read operation Such as causing 
a read error. 

0281. The present invention has been made to solve the 
above-Stated disadvantages. It is, therefore, an object of the 
present invention to turn the first potential generator into an 
inoperative State after the potential of the output node of a 
potential generating circuit becomes a read potential without 
turning the first potential generator having Strong driving 
force into an inoperative State even if the potential of the 
output node of the potential generating circuit is lower than 
the read potential while external address Signals are not 
changed for a predetermined time and the State of the 
potential generating circuit is moved from an active State to 
a Standby State in a read mode. 
0282 FIG. 29 shows the important parts of an NOR-type 
flash EEPROM according to the present invention. 
0283. A memory cell array 51 consists of, for example, 
NOR cells connected between word lines and bit lines. 
External address Signals ADDi are inputted to an address 
buffer 52. The address buffer 52 functions as a buffer for 
inputting the external address Signals ADDi in a memory 
chip. Among the external address Signals ADDi, a row 
address signal is inputted to a row decoder 54 and a column 
address Signal is inputted to a column decoder 55. 

0284 An ATD (Address Transition Detection) circuit 63 
outputs a pulse signal ATD when detecting the change of the 
external address signals ADDi. The pulse signal ATD is 
inputted to a pulse generating circuit 53. When receiving the 
pulse signal ATD, the pulse generating circuit 53 outputs a 
pulse signal ACTIVE. 

Jan. 10, 2002 

0285) The pulse signal ACTIVE is inputted to a potential 
generating circuit 62, the row decoder 54 and the column 
decoder 55. 

0286 While the pulse signal ACTIVE is being inputted to 
the row decoder 54 and the column decoder 55 (during 
ACTIVE=“H”), the row decoder 54 and the column decoder 
55 are operative. Thus, the row decoder 54 selects a word 
line based on the row address Signal among the external 
address signals ADDi. The selected word line is electrically 
connected to the potential generating circuit 62. 
0287. At ACTIVE="L', the row decoder 54 and the 
column decoder 55 inoperative. 
0288 While the pulse signal ACTIVE is being inputted to 
the potential generating circuit 62 (during ACTIVE="H”), 
the potential generating circuit 62 is in an active State. Thus, 
the first potential generator 61a having Strong driving force 
is operative. At this moment, the Second potential generator 
61b having Small driving force in the potential generating 
circuit 62 is, for example, operative, as well (note that the 
Second potential generator 61b is always, for example, 
operative). 
0289. Further, at ACTIVE="L', the potential generating 
circuit 62 is in a Standby State. In principle, when the pulse 
signal is ACTIVE="L', the first potential generator 61a 
having Strong driving force in the potential generating 
circuit 62 is in inoperative. At this moment, only the Second 
potential generator 61b having Small driving force is opera 
tive in the potential generating circuit 62. 
0290 However, even at ACTIVE="L', if the potential of 
the output node of the potential generating circuit 62 is lower 
than the read potential Vread, the first potential generator 
61a having Strong driving force is not inoperative. In that 
case, the potential of the output node of the potential 
generating circuit 62 is equal to the read potential Vread and 
then the first potential generator 61a is made inoperative. 
0291 While the function of the potential generating 
circuit 62 of the present invention is as Stated above, the 
Specific example of a circuit arrangement for realizing this 
function will be described later in detail. 

0292 A control circuit 56 controls the operations of the 
row decoder 54, the column decoder 55, a program circuit 58 
and a Sense amplifier 59 in accordance with an operation 
mode. In a program mode, for example, the row decoder 54, 
the column decoder 55 and the program circuit 58 turn into 
an operative State, and program data is transferred to the 
memory array 51 from the outside of the memory chip by 
way of an input/output (I/O) buffer 57, the program circuit 
58 and a column selecting circuit 60. In a read mode, for 
example, the row decoder 54, the column decoder 55 and the 
Sense amplifier 59 turn into an operative State and read data 
is outputted from the memory cell array 51 to the outside of 
the memory chip by way of the column Selecting circuit 60, 
the sense amplifier 59 and the input/output (I/O) buffer 57. 
0293 FIG. 30 shows the specific example of the poten 
tial generating circuit 62 shown in FIG. 29. 
0294 The potential generating circuit 62 consists of the 

first potential generator 61a and the Second potential gen 
erator 61b as stated above. Now, an example of the first 
potential generator 61a and that of the Second potential 
generator 61b will be sequentially described. In this 
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example, it is assumed that an active State means a State in 
which the row decoder is operative at ACTIVE="H". A 
Standby State means a State in which the row decoder is 
inoperative at ACTIVE=“L”. 
0295) The first potential generator 61a is a potential 
generator having Strong driving force for the active State. 
The first potential generator 61 a consists of a booster 
(charge pump circuit) 81, a ring oscillator 82, a detector 83 
and a control circuit 84. 

0296 AS is well known, the booster 81 consists of a 
plurality of N channel type MOS transistors QN4, QN5 and 
QN6 connected in series and capacitors C3 and C4 con 
nected to the connection nodes of the MOS transistors ON4 
and QN5 and QN6. The sources and gates of the MOS 
transistors QN4, QN5 and QN6 are mutually connected and 
an external power Supply potential Vcc is inputted to a 
Source Side input node. 
0297. The ring oscillator 82 consists of an NAND circuit 
G2 and inverters 19 and I10. The output signal of the ring 
oscillator 82 is inputted to one end of the capacitor C3 
through inverters I4 and I5 and to one end of the capacitor 
C4 through an inverter I6. 
0298. The detector 83 consists of a flip-flop circuit FF, an 
operational amplifier OP2, resistors R3 and R4, inverters I11 
and I12 and MOS transistors ON7 and OP6. 

0299 The flip-flop circuit FF consists of P channel type 
MOS transistors QP4, QP6 and N channel type MOS 
transistors QN10 and QN11. The flip-flop circuit FF on/off 
controls the MOS transistor OP6 based on the value of the 
output signal VppEB (either “H” or “L”) of the control 
circuit 84. That is, when the value of the output signal 
VppEB of the control circuit 84 is “H”, the flip-flop circuit 
FF turns off the MOST transistor OP6. When the value of the 
output signal VppEB of the control circuit 84 is “H”, the 
flip-flop circuit FF turns on the MOS transistor QP6. 
0300 AS is well known, the operational amplifier OP2 
consists of P channel type MOS transistors QP1, QP2 and 
QP3, and N channel type MOS transistors QN8 and QN9. If 
the gate potential of the MOS transistor QN9 is lower than 
a reference potential Vref, the operational amplifier QP2 
outputs “H”. If the gate potential thereof is higher than the 
reference potential Vref, the operational amplifiers OP2 
outputs “L”. 

0301 The resistors R3 and R4 function to detect the 
potential of the output node N of the potential generating 
circuit 62 and to transmit the result to the input node of the 
operational amplifier OP2. AS Stated above, the operational 
amplifier OP2 compares the reference potential Vref with 
the potential of the input node (which potential depends on 
the potential of the node N) and transmits the result to the 
ring oscillator 82. 
0302) If the potential of the output node N of the potential 
generating circuit 62 is, for example, lower than the read 
potential Vread, the operational amplifier OP2 outputs “H”. 
When passed through the inverters I11 and I12, the output 
Signal of the operational amplifier OP2 turns into a signal 
OSCE. If the signal OSCE is “H”, the ring oscillator 82 
becomes operative. In addition, if the potential of the output 
node N of the potential generating circuit 62 is Substantially 
equal to the read potential Vread, the operational amplifier 
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OP2 outputs “L”. At this moment, the signal OSCE becomes 
“L” and the ring oscillator 82 becomes inoperative. 
0303) The control circuit 84 consists of NOR circuits G3 
and G4, and an inverter I14. Signals ACTIVE and PONRST 
are inputted to the NOR circuit G4. As stated above, the 
signal ACTIVE is a signal which turns into “H” only for a 
predetermined time after the change of the external address 
signals ADDi. The signal PONRST is a reset signal for 
resetting the state of the control circuit 84. The signal OSCE 
for controlling the operation of the ring oscillator 82 is 
inputted to the NOR circuit G3 through the inverter I14. 
0304. The output signal VppEB of the control circuit 84 
turns into “H” when all of the three input signals of the NOR 
circuit G3 become “L”. When the output signal VppEB 
becomes “H”, the first potential generator 61 a turns into an 
inoperative State. The operation of the first potential gen 
erator 61 a will be described later in detail. 

0305. In an active state (in which the row decoder is 
operative and the Selected word line is electrically connected 
to the potential generating circuit 62), the first potential 
generator 61 a functions to Set the potential of the output 
node N of the potential generating circuit 62 at the read 
potential Vread. When the potential of the output node N 
becomes lower than the read potential Vread, the first 
potential generator 61 a functions to promptly return the 
potential thereof to the read potential Vread. Owing to this, 
the resistance values of the resistors R3 and R4 are set low 
and the current value of a current flowing through the 
resistors R1 and R2 is set high (e.g., about 10E-5A). 
0306 Basically, therefore, in the active state, the first 
potential generator 61a is made operative to thereby Stabi 
lize the potential of a Selected word line. In a Standby State, 
the first potential generator 61a is made inoperative to 
thereby reduce current consumption. 
0307 The second potential generator 61b is a potential 
generator having Small driving force for a Standby State. The 
Second potential generator 61b consists of a booster (charge 
pump circuit) 71, a ring oscillator 72 and a detector 73. 
0308 AS is well known, the booster 71 consists of a 
plurality of N channel type MOS transistors QN1, QN2 and 
QN3 connected in Series, and capacitorS C1 and C2 con 
nected to the connection nodes of the MOS transistors ON1, 
QN2 and QN3. The sources and gates of the MOS transistors 
QN1, QN2 and QN3 are mutually connected and an external 
power Supply potential Vcc is inputted to a Source Side input 
node. 

0309 The ring oscillator 72 consists of an NAND circuit 
G1 and inverters I7 and I8. The output signal of the ring 
oscillator 72 is inputted to one end of the capacitor C1 
through inverters I1 and I2 and to one end of the capacitor 
C2 through an inverter I3. 
0310. The detector 73 consists of an operational amplifier 
OP1 and resistors R1 and R2. The resistors R1 and R2 
function to detect the potential of the output node N of the 
potential generating circuit 62 and to transmit the result to 
the negative side input node of the operational amplifier 
OP1. The operational amplifier OP1 compares the reference 
potential (the potential of a positive side input node) with the 
negative side input node (which depends on the potential of 
the node N) and transmits the result to the ring oscillator 72. 
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0311. If the potential of the output node N of the potential 
generating circuit 62 is, for example, lower than the read 
potential Vread, the operational amplifier OP1 outputs “H” 
to make the ring oscillator 72 operative. If the potential of 
the output node N of the potential generating circuit is 
Substantially equal to the read potential Vread, the opera 
tional amplifier OP1 outputs “L” to make the ring oscillator 
72 inoperative. 
0312. In the second potential generator 61b, the detector 
73 is always operative. That is, the detector 73 always 
detects the potential of the output node N of the potential 
generating circuit 62 both in the active State and in the 
standby state. In other words, the resistors R1 and R2 are 
always applied with current. Accordingly, in the detector 73 
of the Second potential generator 61b, it is necessary that the 
resistance values of the resistors R1 and R2 are Set as high 
as possible and the current value of the current flowing 
through the resistors R1 and R2 is set low (e.g., at Several nA 
to Several uA) So as to reduce current consumption. 
0313 Here, the reason for always making the detector 73 
of the Second potential generator 61b operative is to 
Smoothly transition the State of the potential generating 
circuit 62 from the active state to the standby state. That is, 
if only the detector 83 of the first potential generator 61a is 
made operative in the active state and only the detector 73 
of the Second potential generator 61b is made operative in 
the Standby State, then it is necessary to take account of time 
for making the detector 73 of the Second potential generator 
61b operative at the time of transitioning the state of the 
potential generating circuit 62 from the active to Standby 
State. 

0314. Next, the operation of the potential generating 
circuit 62 shown in FIG. 30 will be described. 

0315) First, the signal PONRST turns into “H” and the 
value of the output signal VppEB of the control circuit 84 is 
reset. Since the output signal VppEB is “L”, the operational 
amplifier OP2 becomes operative and the MOS transistor 
OP6 is turned on. The MOS transistor ON7 is turned off. 
Thereafter, the signal PONRST turns into “L”. 
0316. If the external address signals ADDi are changed, 
the signal ACTIVE turns into “H” (in an active state) only 
for a certain time after the change of the external address 
signals ADDi. While the signal ACTIVE is “H”, the value of 
the output signal VppEB of the control circuit 84 is main 
tained “L”, so that the operational amplifier OP2 remains 
operative and the MOS transistor OP6 remains on. 
0317. Therefore, if the potential of the output node N of 
the potential generating circuit 62 is lower than the read 
potential Vread, the operational amplifier OP2 outputs “H”. 
At this moment, since the signal OSCE is “H”, the ring 
oscillator 82 becomes operative. Namely, the potential of the 
output node N is boosted to the read potential Vread by the 
first potential generator 61a. 

0318. Further, if the potential of the output node N of the 
potential generating circuit 62 is Substantially equal to the 
read potential Vread, the operational amplifier outputs “L”. 
At this moment, since the signal OSCE is “L”, the ring 
oscillator 82 becomes inoperative. 
03.19. After a predetermined time has passed since the 
change of the external address Signals ADDi, the Signal 
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ACTIVE turns into “L” (in a standby state). When the signal 
ACTIVE becomes “L”, the two input signals (ACTIVE, 
PONRST) of the NOR circuit G4 turn into “L”. Since the 
remaining one input signal X is “H” (OSCE="H” and 
VppEB="L'), the value of the output signal VppEB of the 
control circuit 84 remains “L”. Due to this, the operational 
amplifier OP2 remains operative and the MOS transistor 
OP6 remains on. 
0320 Here, if the potential of the output node N of the 
potential generating circuit 62 is lower than the read poten 
tial Vread, the operational amplifier OP2 outputs “H”. At this 
moment, since the signal OSCE is “H”, the ring oscillator 82 
becomes operative. Namely, even after the State of the 
potential generating circuit 62 turns into the Standby State, 
the potential of the output node N is booted to the read 
potential Vread by the first potential generator 61a. 
0321) Further, if the potential of the output node N of the 
potential generating circuit 62 is Substantially equal to the 
read potential Vread, the operational amplifier OP2 outputs 
“L”. At this moment, since the signal OSCE is “L”, the ring 
oscillator 82 becomes inoperative. Further, at this moment, 
since the output signal X of the NOR circuit G3 becomes 
“L”, all the input signals (ACTIVE, PONRST, X) of the 
NOR circuit G4 become “L” and the value of the output 
signal VppEB of the control circuit 84 become “H”. Thus, 
the operational amplifier OP2 becomes inoperative and the 
MOS transistor OP6 is turned off. 
0322. As a result, the first potential generator 61a 
becomes inoperative and only the Second potential generat 
ing circuit 61b becomes operative. 
0323 Thereafter, if the external address signals ADDi are 
changed again and the signal ACTIVE becomes “H”, then 
the value of the output signal vppEB of the control circuit 84 
becomes “L” and the first potential generator 61a becomes 
operative. 
0324. As described above, according to the potential 
generating circuit of the present invention, in the read mode, 
when the potential generating circuit 62 is in the active State, 
both the first and second potential generators 61a and 61b 
are operative. Due to this, if the potential of the output node 
N of the potential generating circuit 62 is lower than the read 
potential Vread, the potential can be promptly boosted to the 
read potential Vread by the first potential generator 61a 
having Strong driving force. 
0325 Further, if the potential of the output node N of the 
potential generating circuit 62 is Substantially equal to the 
read potential Vread in the Standby State, the potential can be 
maintained to be the read potential Vread by the second 
potential generator 61b having Small driving force. 
0326 Moreover, according to the present invention, even 
in the Standby State, if certain conditions are met, the first 
potential generator 61a becomes operative. That is, the 
potential of the output node N of the potential generating 
circuit 62 is lower than the read potential Vread, both the 
first and Second potential generators 61a and 61b become 
operative even in the Standby State and the potential of the 
output node N of the potential generating circuit 62 can be 
promptly boosted to the read potential Vread by the first 
potential generator 61 a having Strong driving force. 
0327 Next, the specific example of the operation of the 
flash memory shown in FIGS. 29 and 30 in an actual read 
mode will be described with reference to FIGS. 29 to 31. 



US 2002/0003723 A1 

0328. In the read mode, first, the signal PONRST 
becomes “H” and the value of the output signal VppEB of 
the control circuit 84 is reset at “L”. The output signal 
VppEB is “L', so that the operational amplifier OP2 
becomes operative and the MOS transistor QP6 is turned on. 
The MOS transistor QN7 is turned off. Thereafter, the signal 
PONRST turns into “L”. 

0329 If external address signals ADDi are inputted from 
the outside of the memory chip (the external address signals 
ADDi are changed), a pulse signal ATD is outputted from 
the ATD circuit 63. Also, if the pulse signal ATD is inputted 
to the pulse generating circuit 53, the circuit 53 outputs a 
pulse signal ACTIVE. While the signal ACTIVE is “H”, the 
row decoder 54 and the column decoder 55 are operative and 
the memory chip turns into an active State. 
0330. In this example, after a predetermined time has 
passed since the external address signals ADDi were input 
ted (which time corresponds to the time when the external 
address signals ADDi were changed), the signal ACTIVE 
turns into “H”. Namely, if the active state and the standby 
State are repeated, it takes a predetermined delay time from 
the change of the external address Signals ADDi until the 
signal ACTIVE turns into “H”. However, if this delay time 
is ignored, the signal ACTIVE turns into “H” for a certain 
time after the change of the external address Signals ADDi. 
0331) If the signal ACTIVE turns into “H” (in an active 
state), the row decoder 54 becomes operative and the word 
line (load) Selected by the row address signal is electrically 
connected to the potential generating circuit 62 as Stated 
above. Accordingly, the potential of the output node N of the 
potential generating circuit 62 is maintained to be Vread by 
the Second potential generating circuit 61b before the Signal 
ACTIVE turns into “H”. After the signal ACTIVE turns into 
“H”, a load is discharged to the selected word line and the 
potential of the output node N becomes lower than the read 
potential Vread. 
0332. On the other hand, while the signal ACTIVE is 
“H”, the value of the output signal VppEB of the control 
circuit 84 is maintained “L”. Due to this, the operational 
amplifier OP2 remains operative and the MOS transistor 
OP6 remains on. At this moment, therefore, both the first and 
Second potential generators 61a and 61b are operative. 
0333 Here, as stated above, the potential of the output 
node N of the potential generating circuit 62 is lower than 
the read potential Vread. Owing to this, the potential of the 
output node N of the potential generating circuit 62 is 
boosted by the first and Second potential generators 61a and 
61b. It is noted that the boost operation at this time is carried 
out mainly by the first potential generator 61 a having Strong 
driving force. 
0334. In other words, in the first potential generator 61a, 
the operational amplifier OP2 outputs “H”. At this moment, 
the signal OSCE is “H”, so that the ring oscillator 82 
becomes operative. That is to Say, the potential of the output 
node N is boosted by the booster 81 in the first potential 
generator 61a. 
0335) In this example, before the potential of the output 
node N of the potential generating circuit 62 is boosted to the 
potential read Vread, the signal ACTIVE turns into “L” (in 
the Standby State). At this moment, conventionally, the first 
potential generator 61a also becomes inoperative and, there 
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after, the potential of the output node N of the potential 
generating circuit 62 is boosted to the read potential Vread 
only the Second potential generator 61b. 
0336 According to the present invention, by contrast, 
even if the signal ACTIVE turns into “L” (in the standby 
State), the first potential generator 61a is not turned into an 
inoperative state while the potential of the output node N of 
the potential generating circuit 62 does not reach the read 
potential Vread. That is, even in the standby state, the 
potential of the output node N of the potential generating 
circuit 62 is boosted to the read potential Vread by both the 
first and Second potential generators 61a and 61b. 
0337 To be specific, when the signal ACTIVE becomes 
“L”, the two input signals (ACTIVE, PONRST) of the NOR 
circuit G4 turn into “L” and the remaining one input Signal 
X is “H” (OSCE=“H” and VppEB=“L”). Due to this, the 
value of the output signal VppEB of the control circuit 84 
remains “L”. Accordingly, the operational amplifier OP2 
remains operative and the MOS transistor QP6 remains on. 
0338 Since the potential of the output node N of the 
potential generating circuit 62 is lower than the read poten 
tial Vread, the operational amplifier OP2 outputs “H”. At this 
moment, the signal OSCE is “H”, so that the ring oscillator 
82 becomes operative. That is, even after the state of the 
potential generating circuit 62 turns into a Standby State, the 
potential of the output node N is boosted to the read potential 
Vread by the first potential generator 61a. 
0339) Thereafter, if the potential of the output node N of 
the potential generating circuit 62 becomes Substantially 
equal to the read potential Vread, the operational amplifier 
OP2 outputs “L”. At this moment, the signal OSCE is “L”, 
so that the ring oscillator 82 becomes inoperative. Further, 
at this moment, the output signal X of the NOR circuit G3 
turns into “L”, so that all the input signals (ACTIVE, 
PONRST, X) of the NOR circuit G4 turn into “L” and the 
value of the output signal VppEB of the control circuit 84 
turns into “H”. Thus, the operational amplifier OP2 becomes 
inoperative and the MOS transistor QP6 is turned off. 
0340. As a result, the first potential generator 61a 
becomes inoperative and only the Second potential generator 
61b becomes operative. 
0341 Thereafter, if the external address signals ADDi are 
changed again and the signal ACTIVE turns into “H”, then 
the value of the output signal VppEB of the control circuit 
84 turns into “L” and the first potential generator 61a 
becomes operative. Further, if the external address Signals 
ADDi are changed before the signal ACTIVE turns into “L”, 
the State of the potential generating circuit 62 naturally does 
not turn into the Standby State and remain in the active State 
(ACTIVE-“H”). 
0342. As described above, according to the flash memory 
comprising the potential generating circuit of the present 
invention, while the potential generating circuit is in the 
active State in the read mode, both the first and Second 
potential generators 61a and 61b are operative. Thus, if the 
potential of the output node N of the potential generating 
circuit 62 is lower than the read potential Vread, the potential 
can be promptly boosted to the read potential Vread by the 
first potential generator 61 a having Strong driving force. 
0343 Further, while the potential generating circuit is in 
the standby state, if the potential of the output node N of the 
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potential generating circuit 62 is Substantially equal to the 
read potential Vread, the first potential generator 61a is 
inoperative. Thus, the potential of the output node N of the 
potential generating circuit 62 can be maintained to be the 
read potential Vread by the Second potential generator 61b 
having Small driving force. On the other hand, even in the 
standby state, if the potential of the output node N of the 
potential generating circuit 62 is lower than the read poten 
tial Vread, the first and Second potential generators 61a and 
61b are made operative and the potential of the output node 
N of the potential generating circuit 62 can be promptly 
boosted to the read potential Vread by the first potential 
generator 61 a having Strong driving force. 

0344 FIGS. 32 and 33 show an example of the ATD 
circuit 63 shown in FIG. 29. 

0345) 
Sections. 

In this example, the ATD circuit consists of two 

0346) The first section is a circuit for detecting the one-bit 
change of external address Signals ADDi consisting of a 
plurality of bits. This circuit is that shown in FIG.32 and the 
number of the circuits provided therein corresponds to that 
of bits of the external address signals ADDi. For brevity, if 
it is assumed that the external address Signals consist of, for 
example, six bits (i=0, 1,... 5), that is, ADD0, ADD1,..., 
ADD5, six circuits shown in FIG. 32 exist. 

0347 The circuit of FIG. 32 consists of a delay circuit 
D21, an NAND circuit G21, NOR circuits G22 and G23, and 
inverters I21, I22 and I23. If the external address signals 
ADDi are changed by one bit, this circuit detects the change 
of the signals ADDi and outputs pulse signals ATDi (i=0, 
1, . . . , 5). The pulse width of the pulse signal ATDi is 
determined by the delay amount of the delay circuit D21. 
0348 The second section is a circuit for outputting a 
pulse signal ATD when at least one bit of the external 
address Signals ADDi consisting of a plurality of bits is 
changed. This circuit is that shown in FIG.33 and only one 
circuit is provided. 

0349 The circuit of FIG. 33 consists of NOR circuits 
G31 and G32, and an NAND circuit G33. The signals ATDi 
(i=0, 1,..., 5) are usually “L” and the signal ATD is also 
“L”. If at least one of the signals ATDi turns into “H”, the 
signal ATD turns into “H”, as well. Namely, if at least one 
bit of the external address Signals ADDi consisting of a 
plurality of bits is changed, at least one of Signals ATDiturns 
into “H” (pulse signal) and the pulse signal ATD is outputted 
from the circuit shown in FIG. 33. 

0350 FIG. 34 shows an example of the pulse generating 
circuit 53 shown in FIG. 29. 

0351. The pulse generating circuit inputs the pulse signal 
ATD and outputs a pulse signal ACTIVE. The pulse gener 
ating circuit consists of MOS transistors QP41 and QN41 
connected in Series between the power Supply Vcc terminal 
and a ground terminal, a resistor R41, a capacitor C41, an 
NOR circuit G41, and inverters I41 and I42. 

0352 First, if the signal ATD turns into “H”, the MOS 
transistor QN41 is turned on and the charge of the capacitor 
C41 is discharged to the ground terminal and the pulse 
generating circuit is reset (ACTIVE="L'). Thereafter, if the 
signal ATD turns into “L”, both the two input signals of the 
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NOR circuit G41 turn into “L” and the output signal 
ACTIVE instantly turns into “H”. 
0353 Meanwhile, since the MOS transistor QN41 is 
turned off and the MOS transistor QP41 is turned on, charge 
is injected into the capacitor C41 from the power Supply Vcc 
terminal. When a delay time determined by the resistance 
value of the resistor R41 and the capacity value of the 
capacity C41 passes, the input Signal of the inverter I41 turns 
from “L” to “H”. Accordingly, one of the input signals of the 
NOR circuit G41 turns into “H” and the output signal 
ACTIVE turns into “L”. 

0354) That is to say, as the signal ATD changes from “H” 
to “L”, the pulse signal ACTIVE having a pulse width 
determined by the resistance value of the resistor R41 and 
the capacity value of the capacitor C41 is outputted from the 
pulse generating circuit shown in FIG. 34. 
0355 FIG. 35 shows an example of the sense amplifier 
59 shown in FIG. 29. 

0356. The sense amplifier in this example consists of a 
Sense amplifier Section A1 and a bias generating Section A2. 
0357 The sense amplifier section A1 consists of P chan 
nel type MOS transistors QP51, QP52, QP53 and QP54, N 
channel type MOS transistors QN51, QN52, QN53, QN54 
and ON55, a clocked inverter I51, and inverters I52 and I53. 

0358) The MOS transistors QP51, QP52, QN51 and 
QN52 constitute a differential amplifier. The MOS transis 
tors OP53, QP54, ON53 and ON54 also constitute a differ 
ential amplifier. Further, the inverters I52 and I53 constitute 
a latch circuit LAT. Paired data lines DL and BDL are 
connected to paired bit lines, respectively, through, for 
example, a buffer. 
0359. If the signal ACTIVE turns into “H”, the MOS 
transistor QN55 is turned on and the two differential, ampli 
fiers become operative. Also, if the signal ACTIVE turns 
into “H”, the clocked inverter I51 becomes operative. The 
data of a memory cell is inputted to the Sense amplifier 
section A1 by way of the paired data lines DL and BDL. If 
the memory cell data is, for example, “1”, the paired data 
lines DL and BDL become DL="L' and BDL="H' and the 
output node X of the differential amplifier turns into “H”. 
Due to this, the latch circuit LAT latches data “1” (while a 
node P is “L”) and the output signal SAOUT turns into “H”. 
Further, if the memory cell data is “0”, the paired data lines 
DL and BDL become DL=“H” and BDL=“L” and the output 
node X of the differential amplifier circuit turns into “L”. 
Thus, the latch circuit LAT latches data “0”, (while the node 
P is “H”) and the output signal SAOUT turns into “L”. 
0360 The bias generating section A2 consists of P chan 
nel type MOS transistors QP55, QP56, QP57 and QP58, N 
channel type MOS transistors QN57, QN58, QN59, QN60 
and QN61, and an inverter I54. The bias generating section 
A2 functions to output an intermediate potential BIAS when 
the signal ACTIVE is “H”. This intermediate potential BIAS 
is inputted to the gate of the MOS transistor QN54 of the 
Sense amplifier Section A1. 
0361 FIG. 36 shows a modified example of the potential 
generating circuit 62 shown in FIG. 30. 
0362. The potential generating circuit in this example is 
characterized in that either the booster 81 and the oscillator 
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82 of the first potential generator 51a shown in FIG. 30 or 
the booster 71 and the oscillator 72 of the second potential 
generator 51b shown in FIG. 30 are omitted and that the first 
and Second potential generators 51a and 51b share one 
booster and one oscillator between them. 

0363. It is noted that the same constituent elements in the 
potential generating circuit in this example as those in the 
potential generating circuit shown in FIG.30 are denoted by 
the same reference Symbols. 
0364. In the potential generating circuit 62 in this 
example, two new Switch circuits (transfer gates) SW1 and 
SW2 are provided. Among them, one is a Switch circuit SW1 
consisting of a P channel type MOS transistor QP71 and an 
N channel type MOS transistor QN71. The switch circuit 
SW1 is connected between the output node of an operational 
amplifier OP1 and the input node of an oscillator 72. The 
other switch is a Switch circuit SW2 consisting of a P 
channel type MOS transistor QP72 and an N channel type 
MOS transistor ON72. The Switch circuit SW2 is connected 
between the output node of an inverter I11 and the input 
node of the oscillator 72. 

0365. In this example, when the first potential generator 
61a is operative, that is, an signal OSCE is “H”, the Switch 
circuit SW2 consisting of the MOS transistors QP72 and 
QN72 is turned on and the Switch circuit SW1 consisting of 
the MOS transistors OP71 and ON71 is turned off. When the 
first potential generator 61a is inoperative, that is, the Signal 
OSCE is “L”, the switch circuit SW1 consisting of the MOS 
transistors QP71 and QN71 is turned on the Switch circuit 
SW2 consisting of the MOS transistors QP72 and QN72 are 
turned off. 

0366. In other words, the switch circuits SW1 and SW2 
are on/off-controlled based on the state of the first potential 
generator 61a. 
0367. In the above-stated embodiment, description has 
been given while taking an NOR type flash memory as an 
example. The present invention is also applicable to a 
memory necessary to apply a Selected word line with a 
potential Vread higher than a power Supply potential Vcc in 
a real mode in which an active State and a Standby State are 
repeated, e.g., a multi-level NAND type flash memory. 
0368 Moreover, if the configuration of each of the boost 
ers 71 and 81 shown in FIGS.30 and 36 is changed to that 
shown in FIG. 37, the present invention is applicable to a 
case where a read potential is Set at a negative potential in 
a read mode. 

0369 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 

1. A nonvolatile Semiconductor memory comprising: 
a control circuit outputting a first control Signal during an 

erase verify operation; 
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a potential generating circuit generating one of a first 
erase Verify threshold value and a Second erase verify 
threshold value higher than the first erase verify thresh 
old value based on the first control Signal; and 

a verify circuit determining a data value of data read from 
a memory cell by means of one of the first and Second 
erase Verify threshold values, comparing the data value 
with an expected value and determining whether data 
erase is completed. 

2. A nonvolatile Semiconductor memory according to 
claim 1, wherein if the potential generating circuit generates 
the Second erase Verify threshold value, an upper limit of a 
threshold voltage distribution after completion of the data 
erase is lower than the Second erase verify threshold value 
and a lower limit of the threshold voltage distribution is 
higher than an over-erase Verify threshold value Serving as 
a reference to determine whether an over-erase cell exists. 

3. A nonvolatile Semiconductor memory according to 
claim 1, wherein if the potential generating circuit generates 
the first erase Verify threshold value, an upper limit of a 
threshold voltage distribution after completion of the data 
erase is lower than the first erase verify threshold value and 
a lower limit of the threshold voltage distribution is lower 
than an over-erase Verify threshold value Serving as a 
reference to determine whether an over-erase cell exists. 

4. A nonvolatile Semiconductor memory according to 
claim 3, wherein a difference between the first erase verify 
threshold value and the second erase verify threshold value 
is Set to be either Same or larger than a difference between 
the over-erase verify threshold value and the lower limit of 
the threshold voltage distribution. 

5. A nonvolatile Semiconductor memory according to 
claim 1, wherein the potential generating circuit generates 
the Second erase Verify threshold value during a write/erase 
test for repeating write and erase operations, and the verify 
circuit determines the data value by means of the Second 
erase verify threshold value. 

6. A nonvolatile Semiconductor memory according to 
claim 1, wherein the potential generating circuit generates 
the first erase verify threshold value during a normal opera 
tion; and the Verify circuit determines the data value by 
means of the first erase verify threshold value. 

7. A nonvolatile Semiconductor memory according to 
claim 1, wherein the control circuit outputs a Second control 
Signal; the potential generating circuit generates one of a 
first program verify threshold value and a Second program 
verify threshold value higher than the first program verify 
threshold value based on the Second control Signal; the 
Verify circuit determines the data value by means of one of 
the first and Second program Verify threshold values, com 
pares the data value with the expected value and thereby 
determines whether program is completed. 

8. A nonvolatile Semiconductor memory according to 
claim 7, wherein a difference between the first and second 
program verify threshold values is Substantially equal to a 
difference between the first and second erase verify thresh 
old values. 

9. A nonvolatile Semiconductor memory according to 
claim 7, wherein the potential generating circuit generates 
the Second program verify threshold value during a write/ 
erase test for repeating write and erase operations, and the 
Verify circuit determines the data value by means of the 
Second program Verify threshold value. 
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10. A nonvolatile Semiconductor memory according to 
claim 7, wherein the potential generating circuit generates 
the first program Verify threshold value during an ordinary 
operation; and the verify circuit determines the data value by 
means of the first program verify threshold value. 

11. An erase verify method of a nonvolatile Semiconduc 
tor memory comprising the Steps of: 

setting a first erase verify threshold value as EVT1, 
setting a lower limit of a first threshold voltage distribu 

tion obtained after completion of data erase as EVT1 
when erase verify read is executed using the erase 
verify threshold value, 

Setting a Second erase Verify threshold value higher than 
the first erase verify threshold value as EVT2 and 

Setting an over-erase Verify threshold value Serving as a 
reference to determine whether an over-erase cell exists 
as OEVT, 

setting a relationship of EVT2-EVT12 OEVT-EVTL; 
executing the erase verify read using the Second erase 

Verify threshold value after executing an erase Step to 
a memory cell; and 

determining a data value read from the memory cell. 
12. An erase verify method according to claim 11, 

wherein if the erase verify read is executed using the Second 
erase verify threshold value, a lower limit of a second 
threshold voltage distribution obtained after completion of 
the data erase is higher than the over-erase verify threshold 
value. 

13. An erase verify method according to claim 11, 
wherein the lower limit of the first threshold voltage distri 
bution is lower than the over-erase verify threshold value. 

14. An erase verify method according to claim 11, 
wherein the data value is determined by means of the Second 
erase verify threshold value during a write/erase test for 
repeating write and erase operations. 

15. An erase verify method according to claim 11, 
wherein the data value is determined by means of the first 
erase verify threshold value during a normal operation. 

16. An erase verify method according to claim 11, further 
comprising the Steps of: 

setting a first program verify threshold value as PVT1; 
Setting a Second program Verify threshold value higher 

than the first program verify threshold value as PVT2; 
setting a relationship of PVT2-PVT1=EVT2-EVT2; 
executing program verify read using the first program 

verify threshold value after executing the erase verify 
read using the first erase verify threshold value; 

executing the program Verify read using the Second pro 
gram verify threshold value after executing the erase 
Verify read using the Second erase Verify threshold 
value. 

17. An erase verify method according to claim 16, 
wherein the data value is determined by means of the Second 
program Verify threshold value during a write/erase test for 
repeating write and erase operations. 

18. An erase verify method according to claim 16, 
wherein the data value is determined by means of the first 
program verify threshold value during a normal operation. 
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19. A nonvolatile Semiconductor memory comprising: 

a row decoder Selecting a word line based on an address 
Signal in an active State and waiting an operation in a 
Standby State; 

a first potential generator generating a read potential in a 
read mode, the read potential is Supplied to the Selected 
word line through an output node of a potential gen 
erating circuit; and 

a Second potential generator having a driving power leSS 
than that of Said first potential generator and generating 
the read potential in the read mode, 

wherein 

Said first potential generator has a detector for detecting a 
potential of the output node and a control circuit for 
controlling an operation of Said detector, Said first 
potential generator operates in the active State, and Said 
first potential generator operates when the potential of 
the output node is lower than the read potential in the 
Standby State. 

20. A nonvolatile Semiconductor memory according to 
claim 19; 

wherein Said Second potential generator operates in the 
active State and the Standby State. 

21. A nonvolatile Semiconductor memory according to 
claim 19; 

wherein Said first potential generator waits when the 
potential of the output node is Substantially equal to the 
read potential in the Standby State. 

22. A nonvolatile Semiconductor memory according to 
claim 19; 

wherein said detector waits when the potential of the 
output node is Substantially equal to the read potential 
in the Standby State. 

23. A nonvolatile Semiconductor memory according to 
claim 19; 

wherein Said control circuit controls the operation of the 
first potential generator based on a output signal of Said 
detector. 

24. A nonvolatile Semiconductor memory according to 
claim 19; 

wherein Said first potential generator boosts the potential 
of the output node based on a output signal of Said 
detector. 

25. A nonvolatile Semiconductor memory according to 
claim 19; 

wherein Said first potential generator boost the potential of 
the output node when the potential of the output node 
is lower than the read potential. 

26. A nonvolatile Semiconductor memory according to 
claim 19; 

wherein Said nonvolatile Semiconductor memory is a 
NOR type flash memory. 


