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NON-VOLATILE SEMCONDUCTOR MEMORY 
DEVICE WITH WRITING SEQUENCE ENABLING 

EARLY-STAGE JUDGEMENT OF WRITING 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to non-volatile semi 
conductor memory devices, and more particularly to a 
non-volatile Semiconductor memory device that performs 
data writing for a prescribed unit area at a time. 
0.003 2. Description of the Background Art 
0004. In recent years, a flash memory has come into use 
as a file Storage medium, and Storage capacity thereof has 
been increased. As a way of increasing the Storage capacity, 
a technique for writing data of at least two bits in one cell 
has been widely discussed. 
0005 FIG. 10 is a schematic diagram showing a struc 
ture of a memory cell MC in a flash memory. 
0006 Referring to FIG. 10, the memory cell MC of the 
flash memory includes a Source 22 and a drain 23 that are n 
regions formed on a p type substrate 21. Memory cell MC 
further includes a floating gate 24 and a control gate 25. 
Floating gate 24 and control gate 25 are Stacked one on the 
other on p type Substrate 21, insulated from each other by an 
insulating film 26. In particular, the insulating film between 
floating gate 24 and control gate 25 is also called an 
inter-poly insulating film 26a, and the insulating film 
between floating gate 24 and p type Substrate 21 is also 
called a tunnel insulating film 26b. Accordingly, memory 
cell MC corresponds to an in channel field effect transistor 
formed on p type Substrate 21. 
0007 Control gate 25 is coupled to a word line WL for 
selecting the memory cell MC. Source 22 and drain 23 are 
coupled to a Source line SL and a bit line BL, respectively. 

0008. In memory cell MC of a data erased state as an 
initial State, an electron 27 is drawn out of floating gate 24. 
0009 Specifically, assume that a negative high voltage 
Vnn and a ground Voltage GSS are applied to control gate 25 
and Source 22, respectively, of memory cell MC. In this case, 
in the memory cell MC, electron 27 is drawn from floating 
gate 24 by Fowler-Nordheim tunneling, so that data is 
erased. 

0.010 Data writing to memory cell MC is carried out by 
injection of electron 27 into floating gate 24 by the Fowler 
Nordheim tunneling. 

0.011 Specifically, under a condition where source line 
SL is open, a high Voltage Vpp and ground Voltage GSS are 
applied to control gate 25 and drain 23 via word line WLand 
bit line BL, respectively. This causes the Fowler-Nordheim 
tunneling, So that electron 27 is injected to floating gate 24, 
and thus, data is written therein. If high Voltage Vpp and a 
write inhibit voltage Vdi are applied to control gate 25 and 
drain 23, respectively, then the data writing is not effected. 

0012 Here, the threshold voltage Vth of memory cell MC 
in the data written state with electron 27 having been 
injected to floating gate 24 becomes higher than that in the 
data erased State. 
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0013 Therefore, when data is written into memory cell 
MC in the data erased State, the Stored data can be read out 
according to the level of threshold voltage Vth of the 
memory cell MC. For the data reading, bit line BL is 
precharged in advance, which is discharged for a prescribed 
period of time by applying a constant Voltage to word line 
WL coupled to control gate 25, and then, the resulting 
potential of bit line BL is detected. 
0014) Specifically, at the time of data reading, bit line BL 
is precharged in advance to a prescribed Voltage Vdr. Source 
line SL is provided with ground voltage GSS. A prescribed 
Voltage VWr for data reading is applied to Selected word line 
WL for a prescribed period of time. Control gate 25 of 
corresponding memory cell MC is thus Set to prescribed 
voltage Vwr. 
0015. When these voltages Vwr and Vdr are properly set 
taking into account the threshold Voltage Vth of memory cell 
MC with data written therein, memory cell MC would not 
turn on if data writing has been completed therefor, So that 
it maintains the precharged charges. On the contrary, 
memory cell MC would turn on if the data writing has not 
been completed yet, in which case the precharged charges 
are discharged via memory cell MC to Source line SL, So that 
the potential of bit line BL is decreased. Detection of the 
amount of charges remained on bit line BL thereafter 
enables the data reading. 
0016. Thus, according to the degree of injection of elec 
trons 27 to floating gate 24, data can be written into each 
memory cell MC in a non-volatile manner, and the Stored 
data can be read out. 

0017 FIG. 11 shows distribution of threshold voltages 
Vth of memory cells in a flash memory. 
0018 Referring to FIG. 11, a memory cell in the data 
written state (in distribution 2) with its stored data level 
being “0” has threshold voltage Vth higher than that of a 
memory cell in the data erased state (in distribution 1) with 
its stored data level being “1”. 
0019. In respective memory cell groups in the data writ 
ten State and in the data erased State, their threshold Voltages 
Vth exhibit variation (e.g., from Va to Vb in distribution 2). 
Therefore, to read out data from these memory cells, the data 
reading level should be set at a level enabling discrimination 
of the respective threshold voltages Vth in consideration of 
the variation therein. For example, the data reading level can 
be set to threshold voltage Va. In this case, the data level of 
a memory cell with its threshold Voltage exceeding Va can 
be set to “0”, and the data level of a memory cell with its 
threshold voltage not greater than Va can be set to “1”. 
0020. In the case of multi-valued data of greater than 2 

bits, distribution of threshold voltages Vth of the memory 
cells Storing data in various levels should be tighter in 
consideration of variation thereof. That is, the variation of 
the threshold voltages in the respective levels of the data 
Writing should be restricted more Strictly. 
0021. A data writing sequence of a conventional flash 
memory will now be described with reference to FIG. 12. 
0022 Referring again to FIG. 11, assume that a plurality 
of memory cells in the data erased State (in distribution 1) 
are made to attain the data written state with their threshold 
voltages Vth falling within a range between Va (V) and Vb 
(V). 



US 2002/0176278 A1 

0023. In a flash memory, a condition of data writing 
operation is Set for each unit writing region that becomes a 
target of data writing operation at one time (or “unit writing 
operation'). Hereinafter, the prescribed unit region as the 
target of the unit writing operation is also referred to as a 
"Sector. One Sector corresponds to a memory cell group 
selected by one word line. 
0024. When a data writing command is input, the data 
Writing Sequence Starts at Step S1. Here, the number of times 
of unit writing operations N is set to 1 (START). 
0.025 Next, the data writing operation is carried out for 
each sector (step S1). The data writing condition will now be 
described. 

0026. In general, at the time of unit writing operation in 
the flash memory, a data writing pulse, or a Voltage Signal 
having prescribed Voltage amplitude and pulse width, is 
applied to the control gate of a memory cell. In other words, 
the condition of the unit writing operation is Set by the 
voltage amplitude VWW and the pulse width or application 
time tp of the data writing pulse. 
0027 FIG. 13 is a table for use in setting the condition 
of unit writing operation of the conventional data writing 
Sequence. For example, when the number of times of unit 
writing operations having been conducted (hereinafter, also 
referred to as “unit writing operation total”) N is less than a 
prescribed number Y, the application time tp as the unit 
writing operation condition is set to T1. When unit writing 
operation total N is equal to prescribed number Y, applica 
tion time tR is set to T2. When total N is greater than 
prescribed number Y, application time tP is set to T2xPNY 
(T2: initial term, P: power coefficient). Thus, application 
time t? increases exponentially after unit writing operation 
total N has exceeded prescribed number Y. 
0028 Next, to determine whether the data writing is 
properly conducted, a prescribed threshold voltage Vth=Va 
is applied to read data (Step S2). 
0029. If all the memory cells have attained threshold 
Voltages greater than prescribed level of Va, it is determined 
that the data writing has been Succeeded, So that the data 
Writing Sequence is terminated. Otherwise, it is determined 
NG (no good), and the operation goes to step S4 after Setting 
unit writing operation total N to N+1 (step S3). 
0.030. In step S4, it is determined whether unit writing 
operation total N is within a prescribed number K. If the total 
N has exceeded prescribed number K, it is determined NG 
and the data writing Sequence is terminated. If total N is 
within prescribed number K, the operation proceeds to Step 
S5. 

0.031) If the data writing is conducted to the memory cell 
for which the data writing has already been completed, 
electrons would be injected excessively, resulting in an 
over-programmed memory cell. Thus, before resuming the 
initial step S1, the memory cell for which data writing has 
been completed is eliminated from the target of the data 
writing (step S5). The unit writing operation is then con 
ducted again for the memory cells for which the data writing 
has not yet been completed. 

0032. With such a conventional data writing method, 
however, the Speed of data writing would vary for each lot 
at the end of the wafer process, or it would change through 
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repetition of data erasing and writing. Thus, using the same 
data writing Sequence for every lot would result in failure in 
the data writing Sequence, as threshold Voltages Vth of 
memory cells in Some lots might be out of a specific range, 
e.g., greater than Vb in FIG. 11. In addition, if the data 
Writing is slow in Speed, determination of failure would take 
a long period of time, Since the error in data writing would 
not be found until the Sequence is completed. 

SUMMARY OF THE INVENTION 

0033. The present invention is made to solve the above 
described problems, and its object is to provide a non 
Volatile Semiconductor memory device that prevents failure 
of a data writing Sequence and allows judgement of a data 
Writing error in an early Stage. 
0034. The non-volatile semiconductor memory device of 
the present invention includes: a memory cell array region 
having a plurality of memory cells arranged in rows and 
columns for Storing data in a non-volatile manner, a plurality 
of word lines provided corresponding to the rows of the 
memory cells, and a plurality of bit lines provided corre 
sponding to the columns of the memory cells, and a control 
unit controlling data writing for Selected ones of the plurality 
of memory cells corresponding to a Selected one of the 
plurality of word lines as a target of the data writing. The 
control unit performs: designation of a unit writing operation 
that is carried out repeatedly for the Selected memory cells 
until the data writing is completed; a first judging operation 
carried out every time the unit writing operation is finished, 
for confirmation of as to whether the data writing has been 
completed for at least one of the Selected memory cells, and 
a Second judging operation carried out every time the unit 
Writing operation is finished after the first judging operation 
has confirmed the completion of the data writing, for con 
firmation of as to whether the data writing has been com 
pleted for all the Selected memory cells. 
0035) Preferably, the control unit counts the number of 
times of the designation of the unit writing operation, and 
terminates the designation of the data writing for the 
selected memory cells when the number of times of the 
designation of the unit writing operation repeated until the 
first judging operation confirms the completion of the data 
Writing has reached a prescribed number. 
0036). According to the non-volatile semiconductor 
memory device above, it is possible to detect failure in data 
Writing in an early Stage by performing the first and Second 
judging operations. 
0037 Preferably, the non-volatile semiconductor 
memory device further includes a Storage unit for Storing a 
first Setting condition of the unit writing operation repeated 
until the data writing is completed for at least one of the 
Selected memory cells, and a Second Setting condition of the 
unit writing operation repeated until the data writing is 
completed for all the Selected memory cells. The first Setting 
condition and the Second Setting condition are different from 
each other. 

0038 According to the non-volatile semiconductor 
memory device above, the data writing can be performed 
rapidly by differentiating the first Setting condition of the 
unit writing operation conducted until the first judging 
operation is completed and the Second Setting condition of 
the unit writing operation conducted until the Second judg 
ing operation is completed. 
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0.039 Specifically, the control unit counts the number of 
times of the designation of the unit writing operation, and 
designates the unit writing operation based on either one of 
the first and Second Setting conditions Stored in the Storage 
unit. In the Storage unit, the first and Second Setting condi 
tions each include a Voltage amplitude of a pulse Voltage 
Signal being applied to the Selected word line in the unit 
Writing operation, and a Voltage application time of the pulse 
Voltage Signal. The first Setting condition has the constant 
Voltage amplitude and the constant Voltage application time. 
The Second Setting condition has the constant Voltage ampli 
tude and the Voltage application time varied according to the 
number of times of the designation of the unit writing 
operation. 
0040 Alternatively, the control unit counts the number of 
times of the designation of the unit writing operation, and 
designates the unit writing operation based on either one of 
the first and Second Setting conditions Stored in the Storage 
unit. In the Storage unit, the first and Second Setting condi 
tions each include a Voltage amplitude of a pulse Voltage 
Signal being applied to the Selected word line in the unit 
Writing operation, and a Voltage application time of the pulse 
Voltage Signal. The first Setting condition has the constant 
Voltage amplitude and the Voltage application time varied 
according to the number of times of the designation of the 
unit writing operation. The Second Setting condition has the 
constant Voltage amplitude and the Voltage application time 
varied according to the number of times of the designation 
of the unit writing operation. 
0041 According to the non-volatile Semiconductor 
memory device above, the Voltage application time in each 
of the first and Second Setting conditions can be made 
variable, So that high-precision data writing is enabled. 
0.042 Alternatively, the non-volatile semiconductor 
memory device further includes a Storage unit for Storing a 
Second Setting condition of the unit writing operation con 
ducted repeatedly, after the first judging operation has con 
firmed the completion of the data writing, until the data 
Writing for all the Selected memory cells is completed. The 
control unit further counts the number of times of the 
designation of the unit writing operation, and designates the 
unit writing operation based on the Second Setting condition, 
according to the number of times of the designation of the 
unit writing operation that was necessary for completion of 
the data writing of at least one of the Selected memory cells. 
0.043 Specifically, the second setting condition stored in 
the Stored unit has a Voltage application time of a pulse 
Voltage Signal that is applied to the Selected word line in the 
unit writing operation, and a Voltage amplitude of the pulse 
Voltage Signal varied according to the number of times of the 
designation of the unit writing operation repeated until the 
data writing is completed for at least one of the Selected 
memory cells. 
0044 Alternatively, the second setting condition stored in 
the Stored unit has a Voltage amplitude of a pulse Voltage 
Signal that is applied to the Selected word line in the unit 
Writing operation, and a Voltage application time of the pulse 
Voltage Signal varied according to the number of times of the 
designation of the unit writing operation repeated until the 
data writing is completed for at least one of the Selected 
memory cells. 
0.045 According to the non-volatile semiconductor 
memory device above, the characteristic of each lot can be 
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discriminated by the number of times of the designation of 
the unit writing operation repeated until the completion of 
the first judging operation, and the Setting condition can be 
changed correspondingly. As a result, high-precision data 
Writing is ensured. 
0046) The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 FIG. 1 shows an entire configuration of a non 
volatile semiconductor memory device 10000 according to 
the present invention. 
0048 FIG. 2 shows internal circuit configurations of 
memory cell array 3 and sense latch circuit band 5. 
0049 FIG. 3 shows a data writing sequence in accor 
dance with an embodiment of the present invention. 
0050 FIG. 4 is a table stored in storage unit 15 for use 
in Setting pulse application time t? according to the number 
of times of data writing N in an embodiment of the present 
invention. 

0051 FIG. 5 is a timing chart illustrating data writing in 
row memory cell group MCLG0. 
0052 FIG. 6 is a timing chart illustrating data reading in 
row memory cell group MCLG0. 
0053 FIG. 7 is another table stored in storage unit 15, 
employed in a first variation of the embodiment. 
0054 FIG. 8 is yet another table stored in storage unit 15, 
employed in a Second variation of the embodiment. 
0055 FIG. 9 is a table stored in unit 15 for use in setting 
a Voltage amplitude level. 
0056 FIG. 10 schematically shows a structure of 
memory cell MC in a flash memory. 
0057 FIG. 11 schematically shows distribution of 
threshold voltages Vth of the memory cells in the flash 
memory. 

0058 FIG. 12 shows a data writing sequence of a con 
ventional flash memory. 
0059 FIG. 13 is a table for use in setting a data writing 
condition of the conventional data writing Sequence. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0060 Hereinafter, embodiments of the present invention 
will be described in detail with reference to the drawings, 
through which the Same or corresponding portions are 
denoted by the same reference character and description 
thereof will not be repeated where appropriate. 
0061 Referring to FIG. 1, the non-volatile semiconduc 
tor memory device 10000 of the present invention includes: 
a row decoder 1; a word line driver 2, a memory cell array 
3; a Voltage control circuit 4, a redundancy circuit 6, a data 
latch circuit 7; a column decoder 8; a main amplifier 9; an 
address buffer 10; a control circuit 11; a data control circuit 
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12, a command decoder 13, an input/output circuit 14, and 
a storage unit 15. Memory cell array 3 includes a memory 
cell region MCLF, a sense latch circuit band 5, and another 
memory cell region MCRF. 
0.062 Memory cell array 3 is formed of memory cells that 
are connected to word lines and bit lines arranged in rows 
and columns for Storage of data. 
0.063 Row decoder 1 receives an address signal from 
address buffer 10 and outputs a signal designating row 
selection of memory cell array 3 to word line driver 2. 
0.064 Voltage control circuit 4 generates a signal for 
control of Voltage amplitude of a Voltage being applied to a 
word line of memory cell array 3, and outputs the Signal to 
word line driver 2. 

0065 Word line driver 2 receives the signals from row 
decoder 1 and Voltage control circuit 4 and designates a 
word line of memory cell array 3, and changes the Voltage 
amplitude and pulse width (application time) of the Voltage 
being applied to the word line. 
0.066 Sense latch circuit band 5 outputs the voltage read 
out to a bit line at the time of data reading, and, at the time 
of data writing, latches data for Selecting a bit line as a target 
of the data writing from data latch circuit 7. 
0067 Redundancy circuit 6 designates an address of the 
bit line for substitution of a defective memory cell in 
memory cell array 3 and outputs the same to column decoder 
8. 

0068 Data latch circuit 7 latches the data read out from 
a bit line or the data received from main amplifier 9. 
0069 Column decoder 8 receives an address signal from 
address buffer 10 and provides a designation of column 
Selection to data latch circuit 7. 

0070 Main amplifier 9 transfers the data read out from 
data latch circuit 7. At the time of data writing, it writes data 
into data latch circuit 7. 

0071 Address buffer 10 responds to a command input 
from command decoder 13 and generates address signals for 
output to row decoder 1 and column decoder 8. 
0.072 Control circuit 11 determines an internal sequence 
for the command input, and controls word line driver 2, 
Voltage control circuit 4, Sense latch circuit band 5 and data 
latch circuit 7 according to the Sequence. 

0073 Control circuit 11 further effects execution of the 
data writing Sequence based on the conditions Stored in 
Storage unit 15 and judgement of the data writing. It also 
provides a designation for the unit writing operation to 
Voltage control circuit 4 and word line driver 2. Specifically, 
it designates Voltage control circuit 4 and word line driver 2 
to Set the Voltage amplitude and the application time of the 
pulse to be applied to the word line. 
0.074 Data control circuit 12 transfers data from main 
amplifier 9 to input/output circuit 14 after performing appro 
priate processing. Alternatively, it transferS the data from 
input/output circuit 14 to main amplifier 9 after the appro 
priate processing. 

0075 Command decoder 13 discriminates command, 
address and others according to control Signals. 
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0076 Input/output circuit 14 outputs data to or receives 
data from an input/output pin I/O. 
0077 Storage unit 15 stores writing and reading 
Sequences and tables used in the Sequences. In the present 
embodiment, the configurations of the tables used for the 
Sequences have been illustrated. However, besides Such 
tables, mathematical expressions and others for use in the 
respective Sequences may also be Stored in Storage unit 15. 
0078 Referring to FIG. 2, arrangement of the bit lines 
within memory cell array 3 is of an open type. Bitlines BL 
and/BL complementary to each other constitute a bit line 
pair. 

0079 Memory cell array 3 includes sense latch circuit 
band 5, and memory cell regions MCLF and MCRF placed 
on the respective sides of Sense latch circuit band 5. 
0080 Memory cell regions MCLF and MCRF are iden 
tical to each other in configuration. Thus, memory cell 
region MCLF will be described representatively, and illus 
tration and description of memory cell region MCRF will 
not be provided. 
0081. In memory cell region MCLF, word lines WL0 
WLn (n is a natural number) and bit lines BL0-BLm (m is 
a natural number) are arranged in rows and columns. 
0082 The respective word lines are connected to gate 
electrodes of memory cells MC corresponding to the respec 
tive bit lines. 

0.083 Memory cell region MCLF is formed of row 
memory cell groups MCLG0-MCLGm (hereinafter, also 
collectively referred to as "row memory cell group 
MCLG”). 
0084. Here, the circuit configuration of row memory cell 
group MCLG0 will be described representatively, and the 
rest of row memory cell group MCLG having the same 
configuration will not be described in detail. 
0085 Row memory cell group MCLG0 includes transis 
tors T5 and T6, memory cells MC0-MCn, a source select 
line SS, a Source line SL0, word lines WLO-WLn, a drain 
Select line SD, a bit line BL0, a Sub-bit line SBL0, and a 
ground Voltage line GSS. 

0086) Each memory cell MC0-MCn has its source con 
nected to Source line SL0 and its drain connected to Sub-bit 
line SBLO. 

0087 Source select line SS and drain select line SD are 
arranged in rows in parallel with the word lines. 
0088 Transistor T5 is placed between ground voltage 
line GSS and source line SL0 and has its gate electrode 
connected to Source Select line SS. 

0089 Transistor T6 is placed between sub-bit line SBL0 
and bit line BL0 and has its gate electrode connected to drain 
Select line SD. 

0090 Thus, when source select line SS is at an H level, 
transistor T5 turns on, and ground voltage GSS is transmit 
ted to Source line SL0. 

0091) When drain select line SD is at an H level, tran 
sistor T6 turns on, and Sub-bit line SB0 and bit line BL0 are 
electrically connected to each other. 
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0092. The circuit configuration of sense latch circuit band 
5 will now be described. 

0.093 Sense latch circuit band 5 determines the voltages 
read out to the bit lines at the time of data reading, and 
outputs judgement signals AJL and AJR. 
0094 Sense latch circuit band 5 includes a precharge 
circuit 10, bit line control circuits BLC0-BLCm (m is a 
natural number) (hereinafter, also collectively referred to as 
“bit line control circuit BLC"), judgement lines JL1 and JL2, 
and inverters IV1 and IV2. 

0.095 Precharge circuit 10 precharges judgement lines 
JL1 and JL2 to a prescribed voltage. Judgement lines JL1 
and JL2 are each connected to the respective bit line control 
circuit BLC, and output judgement Signals AJL and AJR 
through inverters IV1 and IV2, respectively. 
0.096 Bit line control circuit BLC adjusts the voltage 
level of the corresponding bit line. 
0097. The circuit configuration of the bit line control 
circuit BLCO will now be described representatively, and the 
rest of bit line control circuit BLC having the same con 
figuration will not be described in detail. 
0.098 Bit line control circuit BLC0 includes transistors 
TR0, T2 and T3, and a sense latch circuit SEL0. 
0099 Sense latch circuit SEL0 is arranged between bit 
line pair BL0 and/BL0. Transistors TR0 are arranged as 
gates between respective bit lines BL0 and/BL0 and sense 
latch circuit SELO. 

0100 Transistor T2 is placed between ground voltage 
GSS and judgement line JL1, and has its gate electrode 
electrically connected to bit line BL0. 
0101 Transistor T3 is placed between ground voltage 
GSS and judgement line JL2, and has its gate electrode 
electrically connected to bit line/BL0. 
0102 Sense latch circuit band 5 outputs the signal levels 
of judgement lines JL1 and JL2 to control circuit 11 as 
judgement signals AJL and AJR via inverters IV1 and IV2, 
respectively. 

0103 FIG. 3 shows a data writing sequence of an 
embodiment of the present invention. 
0104. The data writing sequence of the present invention 
differs from the conventional data writing Sequence shown 
in FIG. 12 in that the sequence is divided into two stages. 
Specifically, a sequence (judgement 1) for judging whether 
data writing has been completed for at least one memory cell 
is additionally provided prior to the Sequence (judgement 2) 
for judging whether data writing has been completed for all 
the memory cells. 
0105 The writing sequence of the present invention 
effected by control circuit 11 will now be described. 
0106 Referring again to FIG. 11, assume that a plurality 
of memory cells in the data erased State (distribution 1) are 
to be set to the data written state with their threshold 
voltages Vth falling in a range from Va (V) to Vb (V). 
0107 When a data write command is input, the data 
Writing Sequence Starts at Step S1. Here, the number of times 
of unit writing operations having been conducted, or the unit 
Writing operation total N is Set to 1. 
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0108. When the data writing sequence starts, the unit 
Writing operation is conducted for each Sector. First, data 
Setting is performed, wherein Sense latch circuit SEL Sets bit 
line BL connected to a prescribed memory cell within the 
relevant Sector as the target of data writing to a ground 
voltage GSS level of an L level (step S1). 
0109) Next, in order to perform the unit writing operation 
applying a prescribed Voltage, unit writing operation total N 
is determined, and application time t? of the Voltage is Set 
according to the total N (step S2). 
0110 Referring to FIG. 4, unit writing operation total 
N=K represents the number of times of the unit writing 
operations repeated until the completion of judgement 1. For 
example, application time t? is Set to T1 until judgement 1 
is completed at the unit writing operation total of K. 

0111 Next, the unit writing operation is carried out for 
the target memory cells with a prescribed Voltage for appli 
cation time tR set in step S2 (step S3). 
0112 Referring to FIG. 5, at the time of unit writing 
operation, the gate electrode of transistor TR0 is at an H 
level, and transistor TR0 turns on. Accordingly, a bit line 
voltage controlled by sense latch circuit SEL0 is transmitted 
to bit line BL0. Drain select line SD is also at an H level and 
transistor T6 turns on, so that the potential of bit line BL0 is 
transmitted to Sub-bit line SBL0. Since Source select line SS 
is at an L level, source line SLO of each memory cell 
MC0-MCn is open. Here, word line WL0 is regarded as the 
word line of the sector selected by control circuit 11, and the 
remaining word lines are regarded as non-Selected word 
lines, among which word line WLn is shown representa 
tively. Thus, a voltage amplitude VWW of the data writing 
pulse is applied to word line WLO of the selected sector. 
However, Since the data writing has been completed for 
memory cell MC0, an inhibit voltage Vdi is applied from 
sense latch circuit SELO to Sub-bit line SBL0. Thus, in 
practice, the unit writing operation is not carried out for 
memory cell MC0, but is carried out for the remaining 
memory cells of the Selected Sector. 
0113 Referring again to FIG. 3, in order to determine 
whether the data writing is conducted properly, data is read 
out applying a prescribed threshold voltage Vth (Step S4). 
Here, the data reading is carried out with threshold Voltage 
Vth of Va. 

0114 Referring to FIG. 6, at the time of the data reading, 
drain select line SD is at an H level and transistor T6 is 
turned on, and thus, bit line BL0 and Sub-bit line SBL0 are 
conductive. Before the Start of the data reading, a precharge 
voltage is supplied to bit lines BL and/BL. The precharge 
voltage level of bit line BL is VRD1, and the precharge 
voltage level of bit line/BL is VRD2. When source select 
line SS is turned on, source line SL is provided with ground 
voltage GSS. Here, word line WLO corresponds to the 
Selected Sector, and the remaining word lines correspond to 
non-selected sectors, of which word line WLn is shown 
representatively. Threshold Voltage Va is applied to the 
Selected Sector, So that the data reading is Started. At this 
time, the memory cell with its threshold Voltage not greater 
than Va for which the data writing has not been completed 
yet is turned on, So that the Voltage precharged to the bit line 
is discharged to ground Voltage GSS. By comparison, the 
memory cell with its threshold voltage greater than Va for 
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which the data writing has been completed is not turned on, 
and the voltage precharged to the bit line is maintained. FIG. 
6 shows that the data writing has not been completed yet for 
memory cell MC0. 

0115. After the discharge of the bit line, the stored data is 
discriminated by sense latch circuit SEL0. Specifically, a 
Voltage of an H level is applied to the gate electrodes of 
respective transistors TR0, and the voltages of bit lines BL 
and/BL are input to sense latch circuit SEL0. Sense latch 
circuit SELO latches the data to perform the data reading. 

0116. Here, referring again to FIG. 2, in the case where 
data has been properly written into any one of the memory 
cells of the selected sector to threshold voltage Vth of at least 
Va (V), the corresponding bit line BL in memory cell array 
region MCLF is at an H level, maintaining the charges after 
the discharge. In this case, the Voltage level of judgement 
line JL1 having been precharged to the H level is decreased 
to ground voltage GSS (Llevel), as transistor T2 included in 
the relevant bit line control circuit BLC is turned on. 
Accordingly, judgement Signal AJL attains an H level via 
inverter IV1. 

0117 By comparison, in the case where the data writing 
has not been completed even for a single memory cell, the 
charges are not maintained after the discharge, and thus, 
every bit line BL attains an L level. In this case, the Voltage 
level of judgement line JL1 precharged to the H level 
remains unchanged, Since no transistor T2 is turned on. 
Accordingly, judgement Signal AJL attains an L level via 
inverter IV1. 

0118 Returning to FIG. 3, a judgement is made based on 
the output result of this judgement Signal AJL in Step S5. 
Specifically, if judgement signal AJL is at an H level, it is 
determined that at least one memory cell has been properly 
written, So that the data writing Sequence of this judgement 
1 is completed. The operation thus proceeds to the data 
Writing Sequence of next judgement 2. If judgement Signal 
AJL is at an L level, it is determined NG as no memory cell 
has been written properly, and the operation proceeds to next 
step S6 after setting unit writing operation total N to N+1. 

0119). In step S6, it is determined how many times the 
data writing Sequence has been repeated in judgement 1, and 
whether the unit writing operation total N is within a 
prescribed number L. If the total N has exceeded the 
prescribed number L, it is determined NG and the data 
Writing Sequence is terminated. If it is within the prescribed 
number L, the operation returns to Step S1 to repeat the data 
Writing Sequence. 

0120) The data writing sequence of judgement 2 will now 
be described. 

0121 AS explained above, if the unit writing operation is 
performed for the memory cell for which the data writing 
has already been completed, it will result in an over-written 
memory cell. Thus, the memory cell for which the data 
Writing has been completed in the data writing Sequence of 
judgement 1 is eliminated from the target for data writing in 
judgement 2 (step S7). Specifically, referring to FIG. 5, 
inhibit voltage Vdi is applied to bit line BL connected to the 
memory cell for which the data writing has been completed, 
So that the unit writing operation is not conducted for the 
relevant memory cell. 
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0122) Next, to conduct further writing to the memory 
cells for which the data writing has not been completed yet, 
unit writing operation total N is determined, and Voltage 
application time t? is Set according to the determined total 
N with reference to the table in FIG. 4 (step S8). 
0123 For example, application time tR for the initial unit 
Writing operation in the data writing Sequence of judgement 
2 is Sto T2. Thereafter, application time tp is set to 
T2xP2 (T2: initial term, P2: power coefficient). Thus, the 
application time increases exponentially as the unit writing 
operation is repeated. 

0.124. In step S9, the unit writing operation is conducted 
for the memory cells, with a prescribed Voltage for appli 
cation time tp set in step S8. 

0.125 Next, in order to determine whether the data writ 
ing is conducted properly, a prescribed threshold Voltage Vth 
is applied according to the timing Sequence shown in FIG. 
6 to read out the data (step S10). Here, the data reading is 
performed with threshold voltage Vth=Va. 

0.126 In the case where all the memory cells have been 
properly written to the threshold voltages Vth of not smaller 
than Va (V), bit lines BL in memory cell array region MCLF 
all attain an H level Since they maintain the charges after the 
discharge. Thus, complementary bit lineS/BL all attain an L 
level. In this case, judgement line JL2 is maintained at an H 
level as precharged by precharge circuit 10, Since no tran 
Sistor T3 is turned on. Accordingly, judgement Signal AJR of 
an L level is output via inverter IV2. 
0127. By comparison, if there is a memory cell for which 
data writing has not been completed, the corresponding bit 
line BL is at an Llevel, Since it does not maintain the charges 
after the discharge. Thus, complementary bit line/BL corre 
sponding to the relevant bit line BL is at an H level, so that 
the corresponding transistor T3 turns on. In this case, the 
Voltage level of judgement line JL2 having been precharged 
to the H level is decreased to the ground voltage GSS level 
(L level), due to the transistor T3 turned on. Accordingly, 
judgement Signal AJR of an H level is output via inverter 
IV2. 

0128. A determination is made based on the output result 
of this judgement signal AJR in Step S11. Specifically, when 
judgement Signal AJR is at an L level, it is determined that 
the data writing has been completed properly for all the 
memory cells, and the data writing Sequence is completed. 
If judgement Signal AJR is at an H level, it is determined 
NG, and the operation proceeds to next Step S12 after Setting 
unit writing operation total N to N+1. 

0129. In step S12, it is determined whether the unit 
writing operation total N is within a prescribed number M. 
If the total N is greater than prescribed number M, it is 
determined NG, and the data writing Sequence is terminated. 
If the total N is within prescribed number M, the operation 
returns to S7 to repeat the data writing Sequence. 

0.130. According to the embodiment described above, it is 
possible to perform Stable data writing despite the variation 
in data writing Speed for each lot or before and after the data 
erasing and writing. In addition, judgement 1 increases the 
Speed of the entire judgement even when the data writing is 
slow. 
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0131 First Variation of Embodiment 
0.132. In the embodiment described above, voltage appli 
cation time t? in the data writing Sequence of judgement 1 
was constant, as shown in FIG. 4. By comparison, in the first 
variation, Voltage application time t? is changed even during 
judgement 1, as shown in FIG. 7. Specifically, in judgement 
1, voltage application time tR is set to T1xP1'N' (T1: initial 
term, P1: power coefficient) when unit writing operation 
total N>1. This enables relatively rapid data writing until 
one memory cell reaches prescribed threshold Voltage level 
Va, which is followed by finer writing. Accordingly, it is 
possible to shorten the time required for the writing 
Sequence, and also to perform the data writing with accu 
racy. 

0133) Second Variation of Embodiment 
0134. In the second variation, as in the first variation, 
Voltage application time t? in the data writing Sequence of 
judgement 1 is changed, as shown in FIG. 8. Specifically, 
application time tR is set to T1xP1'N' (T1: initial term, P1: 
power coefficient) when unit writing operation total N>1. 
Further, in the embodiment described above, Voltage appli 
cation time t? in the data writing Sequence of judgement 2 
was Set regardless of the unit writing operation total N in the 
data writing Sequence of judgement 1, as shown in FIG. 4. 
In the second variation, as shown in the table of FIG. 8, 
Voltage application time t? in the data writing Sequence of 
judgement 2 is Set based on the unit writing operation total 
K required for the completion of the data writing Sequence 
of judgement 1. 
0135 For example, voltage application time tp in the data 
Writing Sequence of judgment 2 is Set by grouping the cases 
to: the case where the unit writing operation total K at the 
completion of judgement 1 is Smaller than a prescribed 
number A, the case where total K at the completion of 
judgement 1 is equal to or greater than prescribed number A 
and Smaller than another prescribed number B, and the case 
where total K is equal to or greater than prescribed number 
B. Here, prescribed number A is smaller than prescribed 
number B. Specifically, in the case where unit writing 
operation total Kat the completion of judgement 1 is Smaller 
than prescribed time A, Voltage application time t? is Set to 
T2xP2 (T2: initial term, P2: power coefficient). If total 
K is equal to or greater than prescribed number A and 
Smaller than prescribed number B, application time t? is Set 
to T3xP3NS (T3: initial term, P3: power coefficient). If 
total K is equal to or greater than prescribed number B, 
application time tR is set to T4xP4NS (T4: initial term, P4: 
power coefficient). Here, T2<T3<T4, and P2<P3<P4. 
According to Such grouping, writing pulse application time 
tP can be set at narrower intervals for a Sector whose writing 
Speed is fast. By comparison, for the Sector whose writing 
Speed is slow, writing pulse application time t? can be set at 
relatively long intervals. 
0.136 Accordingly, by using the table shown in FIG. 8, 

it is possible to Set Voltage application time t? according to 
the data writing characteristic of each memory cell. This 
allows the unit writing operation to be done corresponding 
to the variation in data writing characteristics of the memory 
cells, and further ensures high-precision data writing. 
0137) Third Variation of Embodiment 
0.138. In the embodiment and the first and second varia 
tions thereof, various kinds of Setting of data writing pulse 
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application time t? of a prescribed Voltage were described. 
AS explained above, however, the unit writing operation 
condition is set with voltage amplitude VWW and applica 
tion time tp of the data writing pulse. Thus, in addition to 
pulse application time t? of a prescribed Voltage, Voltage 
amplitude VWW can be made variable, which is described 
in the third variation. 

0.139 For example, in the third variation, it is possible to 
perform the unit writing operation in the data writing 
Sequence of judgement 1 according to the table shown in 
FIG. 8 as in the second variation, and to perform the data 
Writing Sequence of judgement 2 by further Setting Voltage 
amplitude VWW with reference to FIG. 9. 
0140 Specifically, in the case where unit writing opera 
tion total Kat the completion of judgement 1 is Smaller than 
a prescribed number A, the Voltage amplitude is set to 
VWW1. If the total K at the completion of judgement 1 is 
equal to or greater than prescribed number A and Smaller 
than another prescribed number B, the Voltage amplitude is 
set to VWW2. If the total K is equal to or greater than 
prescribed number B, the voltage amplitude is set to VWW3. 
Here, VWW1<VWW2<VWW3. 
0.141. According to the third variation, the data writing 
can be performed with higher accuracy than in the Second 
variation. In addition, the time required for the data writing 
Sequence can further be shortened. 
0142. Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A non-volatile Semiconductor memory device, com 

prising: 
a memory cell array region including 

a plurality of memory cells arranged in rows and 
columns for Storing data in a non-volatile manner, 

a plurality of word lines provided corresponding to the 
rows of Said memory cells, and 

a plurality of bit lines provided corresponding to the 
columns of Said memory cells, and 

a control unit controlling data writing to Selected ones of 
Said plurality of memory cells corresponding to 
Selected one of Said plurality of word lines as a target 
of Said data writing, 

Said control unit performing 
designation of a unit writing operation repeated until 

Said data writing is completed, 
a first judging operation, conducted every time Said unit 

Writing operation is finished, to confirm whether Said 
data writing is completed for at least one of Said 
Selected memory cells, and 

a Second judging operation, conducted every time Said 
unit writing operation is finished after Said first 
judging operation has confirmed the completion of 
the data writing for the at least one of Said Selected 
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memory cells, to confirm whether Said data writing 
is completed for all Said Selected memory cells. 

2. The non-volatile Semiconductor memory device 
according to claim 1, wherein Said control unit counts a 
number of times of the designation of Said unit writing 
operation, and terminates the designation of Said data writ 
ing to Said Selected memory cells at the time when the 
number of times of the designation of Said unit writing 
operation that is repeated until Said first judging operation 
confirms the completion of Said data writing for the at least 
one of Said Selected memory cells has reached a prescribed 
number of times. 

3. The non-volatile semiconductor memory device 
according to claim 1, further comprising a storage unit for 
Storing a first Setting condition of Said unit writing operation 
repeated until Said data writing is completed for at least one 
of Said Selected memory cells, and a Second Setting condition 
of Said unit writing operation repeated, after the completion 
of Said data writing for the at least one of Said Selected 
memory cells, until Said data writing is completed for all 
Said Selected memory cells, wherein 

Said first Setting condition and Said Second Setting condi 
tion are different from each other. 

4. The non-volatile Semiconductor memory device 
according to claim 3, wherein 

said control unit counts the number of times of the 
designation of Said unit writing operation, and desig 
nates Said unit writing operation based on either one of 
Said first and Second Setting conditions Stored in Said 
Storage unit, and 

in Said Storage unit, each of Said first and Second Setting 
conditions includes a Voltage amplitude of a pulse 
Voltage Signal being applied to Said Selected word line 
in Said unit writing operation and a Voltage application 
time of Said pulse Voltage Signal, 

Said first Setting condition having Said Voltage amplitude 
Set constant and Said Voltage application time Set con 
Stant, and 

Said Second Setting condition having Said Voltage ampli 
tude Set constant and Said Voltage application time 
varied according to the number of times of the desig 
nation of Said unit writing operation. 

5. The non-volatile semiconductor memory device 
according to claim 3, wherein 

said control unit counts the number of times of the 
designation of Said unit writing operation, and desig 
nates Said unit writing operation based on either one of 
Said first and Second Setting conditions Stored in Said 
Storage unit, and 
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in Said Storage unit, each of Said first and Second Setting 
conditions includes a Voltage amplitude of a pulse 
Voltage Signal being applied to Said Selected word line 
in Said unit writing operation and a Voltage application 
time of Said pulse Voltage Signal, 

Said first Setting condition having Said Voltage amplitude 
Set constant and Said Voltage application time varied 
according to the number of times of the designation of 
Said unit writing operation, and 

Said Second Setting condition having Said Voltage ampli 
tude Set constant and Said Voltage application time 
Varied according to the number of times of the desig 
nation of Said unit writing operation. 

6. The non-volatile semiconductor memory device 
according to claim 1, further comprising a storage unit for 
Storing a Second Setting condition of Said unit writing 
operation that is repeated, after Said first judging operation 
has confirmed the completion of Said data writing for the at 
least one of Said Selected memory cells, until Said data 
Writing is completed for all Said Selected memory cells, 
wherein 

said control unit further counts the number of times of the 
designation of Said unit writing operation, and desig 
nates Said unit writing operation based on Said Second 
Setting condition according to the number of times of 
the designation of Said unit writing operation required 
for the completion of Said data writing of the at least 
one of Said Selected memory cells. 

7. The non-volatile semiconductor memory device 
according to claim 6, wherein in Said Storage unit, Said 
Second Setting condition has a Voltage application time of a 
pulse Voltage Signal being applied to Said Selected word line 
in Said unit writing operation and a Voltage amplitude of Said 
pulse Voltage Signal varied according to the number of times 
of the designation of Said unit writing operation repeated 
until the completion of Said data writing of the at least one 
of Said Selected memory cells. 

8. The non-volatile semiconductor memory device 
according to claim 6, wherein in Said Storage unit, Said 
Second Setting condition has a voltage amplitude of a pulse 
Voltage Signal being applied to Said Selected word line in 
Said unit writing operation and a Voltage application time of 
Said pulse Voltage Signal varied according to the number of 
times of the designation of Said unit writing operation 
repeated until the completion of Said data writing of the at 
least one of Said Selected memory cells. 


