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NON-VOLATILE SEMICONDUCTOR MEMORY 
DEVICE HAVING ELECTRICALLY 

PROGRAMABLE MEMORY MATRIX ARRAY 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method of pro 
gramming and a method of reading out from a non-volatile 
semiconductor memory device, and more speci?cally to a 
method of programming data into a non-volatile memory 
matrix array, and to a non-volatile semiconductor memory 
device that has a characteristic method of reading data from 
a non-volatile memory matrix array, and Which is particu 
larly suitable for application to a high-speed readout system. 

[0002] Additionally, the present invention relates to the 
circuit con?guration of a non-volatile semiconductor 
memory and to a characteristic program method for deleting 
data from and Writing data to a memory array With high 
speed, and in particular to a non-volatile semiconductor 
memory device Which can be electrically overWritten. 

BACKGROUND ART 

[0003] FIG. 4 is a draWing Which shoWs the con?guration 
of a non-volatile semiconductor memory device of the past. 
First, the con?guration of a non-volatile semiconductor 
memory device of the past Will be described, With reference 
made to FIG. 4. 

[0004] As shoWn in FIG. 4, the non-volatile semiconduc 
tor memory device has a control circuit 11, a memory matrix 
array 13, a roW address selection circuit 15, a column 
address selection circuit 17, a column direction ?rst program 
circuit 19, a roW direction second program circuit 21, a 
differential sense ampli?er circuit 23, an address decoder 
circuit 25, a comparison reference voltage generation circuit 
27, and a data input/output sWitching circuit 29. 

[0005] The control circuit 11 is connected to the roW 
address selection circuit 15, the column address selection 
circuit 17, the column direction ?rst program circuit 19, the 
roW direction second program circuit 21, the differential 
sense ampli?er circuit 23, the comparison reference voltage 
generation circuit 27, and the data input/output sWitching 
circuit 29. 

[0006] The address decoder circuit 25 is connected to the 
roW address selection circuit 15 and the column address 
selection circuit 17. 

[0007] The roW address selection circuit 15, the column 
direction ?rst program circuit 19, and the roW direction 
second program circuit 21 are each connected to the memory 
matrix array 13. 

[0008] The data input/output sWitching circuit 29 is con 
nected to the column address selection circuit 17, and the 
column address selection circuit 17 is connected to the 
memory matrix array 13 and the differential sense ampli?er 
circuit 23. The comparison reference voltage generation 
circuit 27 is connected to the differential sense ampli?er 
circuit 23. 

[0009] The program operation in a non-volatile semicon 
ductor memory device of the past Will be described in terms 
of FIG. 4. An address signal 33 that is input to the non 
volatile semiconductor memory device is input to the 
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address decoder circuit 25, and sent to the roW address 
selection circuit 15 and the column address selection circuit 
17. 

[0010] By means of the address signal 33 that is sent to the 
roW address selection circuit 15 and the column address 
selection circuit 17, the roW address selection circuit 15 and 
the column address selection circuit 17 select a speci?c 
memory of the memory matrix array. 

[0011] A data 31 that is input to the data input/output 
sWitching circuit 29 is sent from the data input/output 
sWitching circuit 29 to the column address selection circuit 
17 by a control signal from the control circuit 11, the data 31 
being input to a speci?c memory of the memory matrix array 
that is selected by the roW address selection circuit 15 and 
the column address selection circuit 17. 

[0012] Finally, by means of a control signal from the 
control circuit 11, the column direction ?rst program circuit 
19 and roW direction second program circuit 21 operate, data 
31 being programmed into a speci?c memory of the memory 
matrix array 13 that is selected by the roW address selection 
circuit 15 and the column address selection circuit 17. 

[0013] Next, the operation of data readout in a non 
volatile semiconductor memory device of the past Will be 
described using FIG. 4. An address signal 33 Which is input 
to the non-volatile semiconductor memory device is input to 
the address decoder circuit 25, this being sent to the roW 
address selection circuit 15 and the column address selection 
circuit 17. 

[0014] By means of the address signal 33 Which is sent to 
the roW address selection circuit 15 and the column address 
selection circuit 17, the roW address selection circuit 15 and 
the column address selection circuit 17 select a speci?c 
memory of the memory matrix array 13. 

[0015] The speci?c selected memory data of the memory 
matrix array 13 is sent to the differential sense ampli?er 
circuit 23 via the column address selection circuit 17. 

[0016] The differential sense ampli?er circuit 23 is imple 
mented by a conventional differential ampli?er that is used 
in a general non-volatile semiconductor memory device, a 
signal voltage that is input to the differential sense ampli?er 
circuit 23 from the comparison reference voltage generation 
circuit 27 is compared With a memory threshold voltage, 
Which is the memory data that is input from the column 
address selection circuit 17, the result being sent to the 
input/output data sWitching circuit 29. 

[0017] The signal that is sent to the data input/output 
sWitching circuit 29 is output as data 31 by means of a 
control signal from the control circuit 11. 

[0018] Next, FIG. 3 Will be used to describe the relation 
ship betWeen the memory data threshold voltage and the 
signal voltage from the comparison reference voltage gen 
eration circuit 27. FIG. 3 is a graph Which shoWs the time 
variation characteristics of the threshold voltage value for 
memory into Which data is programmed. 

[0019] Both the curve 41 Which shoWs retention of the 
memory threshold voltage value (data retention) for pro 
gramming, from the threshold value 45 When the memory is 
fabricated, in the enhancement direction (that is, With the 
enhancement direction being the direction in Which the Vth 
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of an N-channel memory cell is a positive value of 0 or 
greater, the condition in the enhancement direction from the 
threshold value at the time of memory fabrication being 
de?ned as the Written condition) and the curve 43 Which 
shoWs the time variations of the memory threshold voltage 
value for programming, from the threshold value 45 When 
the memory is fabricated, in the depression direction (that is 
With the depression direction being the direction in Which 
the Vth of an N-channel memory cell is a negative value of 
0 or less, the condition in the depression direction from the 
threshold value at the time of memory fabrication being 
de?ned as the erase condition), approach the threshold 
voltage value 45 of the memory When fabricated. 

[0020] In general, the comparison reference voltage value 
Which is the signal voltage from the comparison reference 
voltage generation circuit 27 is designed to be the same as 
threshold voltage value 45 of the memory When it is fabri 
cated. The threshold value at the time the memory is 
fabricated indicates the threshold value Vth (initial Vt) of a 
memory cell after the completion of the fabrication process 
and immediately before the ?rst programming of the 
memory cell. 

[0021] The differential sense ampli?er circuit 23 of FIG. 
4 makes a comparison betWeen the threshold voltage value 
45 of the memory at the time of fabrication of the memory, 
Which is the same value as the comparison reference voltage 
value shoWn in FIG. 3 With the voltage value difference 47 
of the memory threshold voltage value 41 of memory 
programmed in the enhancement direction, or a comparison 
betWeen the threshold voltage value 45 of the memory at the 
time of fabrication of the memory, Which is the same as the 
comparison reference voltage value, With the voltage value 
difference 49 of the memory threshold voltage value 45 of 
memory programmed in the depression direction, the results 
thereof being output to the data input/output sWitching 
circuit 29 of FIG. 4. 

[0022] In a different aspect of a reWritable non-volatile 
semiconductor memory device of the past, and With particu 
lar regard to a con?guration in the case of high-speed data 
erasing and data Writing, the basic con?guration is similar to 
that Which is shoWn in FIG. 4, in Which case the con?gu 
ration, as illustrated, has a variety of speci?c signals that are 
input to the control circuit 11. 

[0023] That is, a chip enable signal /CE 35, a data output 
enable signal /OE 36, a chip erase enable signal /EE 37, a 
program enable signal /PGM 38, and program high-voltage 
signal VPP 39 are input to the control circuit 11. 

[0024] Next, FIG. 4 and FIG. 5 Will be used to describe 
the chip erase, the Write programming and the readout 
operations in an electrically reWritable non-volatile semi 
conductor memory device of the past. 

[0025] First, using a non-volatile semiconductor memory 
device of the past such as shoWn in FIG. 4, the chip erase, 
Write programming, and readout operations in an electrically 
reWritable non-volatile semiconductor memory device, 
using the timing Which is shoWn in FIG. 5, Will be 
described. 

[0026] First, the chip erase Will be described. As shoWn by 
the chip erase cycle 41 of FIG. 5, in order to erase all of the 
memories of the memory matriX array 13, the chip enable 
signal /CE 35 is set to loW level, the program high-voltage 
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signal VPP 39 is set to a high-voltage high level, the data 
output enable signal /OE 36 is set to the high level, the chip 
erase enable signal /EE 37 is set to the loW level, and the 
program enable signal /PGM 38 is set to the high level. The 
above-noted settings set the chip erase cycle 41, the memory 
matriX array 13 being erased during several seconds of the 
chip erase cycle 41. 

[0027] The circuit operation Will be described neXt, using 
FIG. 4. 

[0028] With regard to signals that are input to the non 
volatile semiconductor memory device, When the chip 
enable signal /CE 35 is changed to the loW level, the 
program high-voltage signal VPP 39 changes to the high 
voltage high level, and the chip erase enable signal /EE 37 
changes to the loW level, the control circuit 11 starts an 
operation of the chip erase cycle 41 starts, an erase cycle 
signal being sent to the roW address selection circuit 15, the 
column address selection circuit 17, the column direction 
?rst program circuit 19, and the roW direction second 
program circuit 21. 

[0029] The control circuit 11 maintains the chip erase 
cycle 41 for several seconds, and several seconds later sends 
a signal that ends the chip erase cycle 41 to the roW address 
selection circuit 15, the column address selecting circuit 17, 
the column direction ?rst program circuit 19, and the roW 
direction second program circuit 21. 

[0030] Next, the Writing operation in an electrically 
reWritable non-volatile semiconductor memory device of the 
past Will be described, using FIG. 5. 

[0031] In order to Write into a memory matriX array 13 
such as shoWn in the Write cycle of 42 of FIG. 5, the chip 
enable signal /CE 35 is set to loW level, the program 
high-voltage signal VPP 39 is set to the high-voltage high 
level, the data output enable signal /OE 36 is set to the high 
level, the chip erase enable signal /EE 37 is set to the high 
level, and the program enable signal /PGM 38 is set to the 
loW level, the address signals AO through An 33 are input, 
and the data DO through Dn 31 are input. 

[0032] By means of the above-noted settings, the Write 
cycle 42 is set, during the several hundred microseconds of 
Which data DO through Dn 31 are Written into the memory 
matriX array 13 speci?ed by the address signal AO through 
An 33 Which are input. 

[0033] The operation of the circuit under the above-noted 
conditions Will be described using FIG. 4. 

[0034] With regard to the signals input to the non-volatile 
semiconductor memory device, When the chip enable signal 
/CE 35 changes to loW, the program high-voltage signal VPP 
39 changes to the high-voltage high level, and the program 
enable signal /PGM 38 changes to the loW level, the control 
circuit 11 starts the Write cycle 42, and sends a Write cycle 
signal to the roW address selection circuit 15, the column 
address selection circuit 17, the column direction ?rst pro 
gram circuit 19, the roW direction second program circuit 21, 
and the data input/output sWitching circuit 29. 

[0035] The control circuit 11 maintains the Write cycle 42 
for several hundred microseconds, after Which it sends a 
signal that ends the Write cycle 42 to the roW address 
selection circuit 15, the column address selection circuit 17, 
the column direction ?rst program circuit 19, the roW 
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direction second program circuit 21, and the data input/ 
output switching circuit 29, thereby ending the Write cycle 
42. 

[0036] In the earlier background art, hoWever, because of 
variation With the passage of time of the data threshold 
voltage value Which is stored into a storage memory cell and 
programmed, it approaches the threshold voltage value at 
the time the memory Was fabricated (initial Vth). 

[0037] Therefore, there is the problem that the signal 
voltage values of the memory signal Which is input to the 
differential sense ampli?er 23 and the voltage value differ 
ences 47 and 49 of the comparison reference voltage value 
generated by the comparison reference generation circuit 27 
become small, the operation of the differential sense ampli 
?er 23 becoming sloW, this not only making the readout 
operation sloW, but also increasing the possibility of the 
generation of a data readout error. 

[0038] In the latter background art, in order to reWrite data 
of a memory array 11, it is necessary to execute a Write cycle 
for reWriting the data in memory array 11, after executing a 
chip erase cycle 41, making it necessary to Wait several 
seconds for the erase cycle before starting the Write cycle, 
this making it dif?cult to shorten the processing speed. 

DISCLOSURE OF THE INVENTION 

[0039] The ?rst object of the present invention is solve the 
above-noted problems by providing a non-volatile semicon 
ductor memory device Which is capable of high-speed 
memory data readout, While preventing data readout errors, 
even When a threshold voltage that is programmed into the 
memory changes, and a second object of the present inven 
tion is to solve the above-noted problems by providing an 
electrically reWritable non-volatile semiconductor memory 
device that is capable of high-speed Writing of data into the 
memory array 11, Without Waiting for completion of the 
execution of a chip erase cycle of several seconds. 

[0040] To achieve the above-noted object, the present 
invention has the folloWing basic technical constitution. 
Speci?cally, a ?rst aspect of a non-volatile semiconductor 
memory device according to the present invention is a 
non-volatile semiconductor memory device that has, for 
example, a memory matrix array that can be electrically 
programmed With data, this memory matrix array being 
formed by a ?rst non-volatile semiconductor memory matrix 
array and a second non-volatile semiconductor memory 
matrix array of the same construction as the ?rst non-volatile 
semiconductor memory matrix array, this second non-vola 
tile semiconductor memory device further having an input 
data inverting circuit, Which is connected to the second 
non-volatile semiconductor memory matrix array and Which 
is for the purpose of programming inverted data of the ?rst 
non-volatile semiconductor memory matrix array, and a 
differential sense ampli?er circuit, Which is connected to 
both the ?rst non-volatile semiconductor memory matrix 
array and the second non-volatile semiconductor memory 
matrix array, for the purpose of reading out data of the ?rst 
and second non-volatile semiconductor memory matrix 
arrays. 

[0041] A second aspect of the present invention is a 
non-volatile semiconductor memory device that has, for 
example, and electrically programmable memory matrix 

Aug. 16, 2001 

array, this memory matrix array being formed by a ?rst 
non-volatile semiconductor memory matrix array and a 
second non-volatile semiconductor memory matrix array of 
the same construction as the ?rst non-volatile semiconductor 
memory matrix array, this memory device further having a 
memory matrix array selection circuit, Which is connected in 
common to both the ?rst and second non-volatile semicon 
ductor memory matrix arrays, this memory matrix array 
selection circuit, in response to a selection control signal, 
issuing a command to selectively erase the data of one of the 
non-volatile semiconductor memory matrix arrays, and issu 
ing a command to Write data into the other non-volatile 
semiconductor memory matrix array. 

SIMPLE DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a block diagram Which shoWs an example 
of the ?rst aspect of an embodiment of a semiconductor 
memory device according to the present invention. 

[0043] FIG. 2 is a draWing Which illustrates the operation 
of the differential ampli?er circuit in a non-volatile semi 
conductor memory device according to the ?rst aspect of an 
embodiment of the present invention. 

[0044] FIG. 3 is a graph Which shoWs an example of the 
loWered condition of stored data in a non-volatile semicon 
ductor memory device of the past, Which illustrates the 
operation of the differential ampli?er circuit. 

[0045] FIG. 4 is a block diagram Which illustrates an 
example of the circuit con?guration of a non-volatile semi 
conductor memory device of the past. 

[0046] FIG. 5 is a draWing Which illustrates an example of 
the timing of operation in a non-volatile semiconductor 
memory device of the past. 

[0047] FIG. 6 is a block diagram Which shoWs the con 
?guration of a non-volatile semiconductor memory device 
according to the second aspect of an embodiment of the 
present invention. 

[0048] FIG. 7 is a draWing Which illustrates an example of 
the con?guration of a memory selection circuit of a non 
volatile semiconductor memory device according to the 
second aspect of an embodiment of the present invention. 

[0049] FIG. 8 is a draWing Which illustrates an example of 
the timing of operation in a non-volatile semiconductor 
memory device according to the second aspect of an 
embodiment of the present invention. 

[0050] FIG. 9 is a block diagram Which shoWs the con 
?guration of a non-volatile semiconductor memory device 
according to the third aspect of an embodiment of the 
present invention. 

[0051] FIG. 10 is a ?oWchart Which shoWs an example of 
the programming operation used in a non-volatile semicon 
ductor memory device according to the third aspect of an 
embodiment of the present invention. 

[0052] FIG. 11 is a ?oWchart Which shoWs an example of 
the readout operation in a non-volatile semiconductor 
memory device according to the third aspect of the present 
invention. 

[0053] FIG. 12 is a cross-sectional vieW Which shoWs an 
example of the con?guration of a storage element used in a 
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memory matrix array of a nonvolatile semiconductor 
memory device according to the present invention. 

PREFERRED EMBODIMENTS OF THE 
PRESENT INVENTION 

[0054] Aspeci?c example of a non-volatile semiconductor 
memory device according to the present invention Will be 
described beloW, With reference made to draWings. 

[0055] Speci?cally, the ?rst example of a non-volatile 
semiconductor memory device according to the present 
invention relates in particular to a programming and readout 
method of a non-volatile semiconductor memory device, 
and more speci?cally to a characteristic method of program 
ming data into a non-volatile memory array and method of 
reading data from a non-volatile memory array, and more 
particularly to a non-volatile semiconductor memory device 
that is suitable for used in a data storage system Which is 
required to store data for a long period of time. 

[0056] FIG. 1 shoWs an example of the con?guration of a 
non-volatile semiconductor memory device 100 according 
to the present invention, this being a non-volatile semicon 
ductor memory device 100 that has electrically program 
mable memory matrix arrays 13 and 53, these memory 
arrays being a ?rst non-volatile semiconductor memory 
matrix array 13 and a second non-volatile semiconductor 
memory matrix array 53 that has the same construction as 
the ?rst non-volatile semiconductor memory matrix array 
13. 

[0057] This second semiconductor memory device also 
has an input data inverting circuit 63 Which is connected to 
the second non-volatile semiconductor memory matrix array 
53 for the purpose of programming inverted data of the data 
to be stored in the ?rst non-volatile semiconductor memory 
matrix array, and a differential sense ampli?er circuit 23, 
Which is connected to both the ?rst non-volatile semicon 
ductor memory array 13 and the second non-volatile semi 
conductor memory matrix array 53, for the purpose of 
reading out data of the ?rst and second non-volatile semi 
conductor memory matrix arrays 13 and 53. 

[0058] Speci?cally, a feature of this example is the dis 
position in parallel of tWo non-volatile semiconductor 
memory matrix arrays that have exactly the same con?gu 
ration, the normal input being stored in a prescribed address 
of one of the non-volatile semiconductor memory matrix 
arrays, simultaneously With Which data that is the inverted 
data of the opposite non-volatile semiconductor memory 
matrix array as mentioned above-noted being stored in the 
same address of the opposite non-volatile semiconductor 
memory matrix array. 

[0059] That is, in the above-noted ?rst example of a 
non-volatile semiconductor memory device 100 according 
to the present invention, the above-noted ?rst and second 
non-volatile semiconductor memory matrix arrays 13 and 53 
further have connected to them the separate column address 
selection circuits 17 and 57, commonly connected to the roW 
address decoder 25, and the roW address selection circuit 15, 
respectively. 

[0060] It is also possible to provide tWo roW address 
selection circuits 15, and this example one is provided, this 
being connected to both non-volatile semiconductor 
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memory matrix arrays 13 and 53, so as to share the roW 
address speci?cation therebetWeen. 

[0061] In this example, the ?rst column address selection 
circuit 17 and roW address selection circuit 15 that are 
connected to the ?rst non-volatile semiconductor memory 
matrix array 13, and the second column address selection 
circuit 57 and roW address selection circuit 15 connected to 
the second non-volatile semiconductor memory matrix array 
53, function so as to select one and the same address position 
in both the ?rst and second non-volatile semiconductor 
memory matrix arrays 13 and 53 for one program operation. 

[0062] Another feature of this example of the present 
invention is that the differential sense ampli?er circuit 23 is 
con?gured so as to directly output the voltage difference 
betWeen data that is stored respectively in the same selected 
addresses of the ?rst and second non-volatile semiconductor 
memory matrix arrays 13 and 53, so that in contrast to the 
method of the past there is no need to perform readout of 
data by comparison With respect to a reference voltage, 
thereby eliminating the need for a reference voltage genera 
tion circuit and comparison circuit that Were used in a 
non-volatile semiconductor memory device of the past. 

[0063] Because the operation of comparison betWeen volt 
age data read out of the non-volatile semiconductor memory 
and a reference voltage is eliminated, there is a great 
shortening of the time for the readout operation. 

[0064] The con?guration and operation of the ?rst 
example of the present invention is described in detail 
beloW. 

[0065] Speci?cally, the con?guration, programming 
method, and readout method of a non-volatile semiconduc 
tor memory device according to the present invention are as 
folloWs. 

[0066] The above-noted example is a non-volatile semi 
conductor memory device 100 having an electrically pro 
grammable memory matrix array, this memory matrix array 
being formed by a ?rst memory matrix array 13 and a second 
memory matrix array 53 that has the same construction as 
the ?rst memory matrix array 13, and further the second 
memory matrix array 53 having an input data inverting 
circuit 63 Which is connected to the second non-volatile 
semiconductor memory matrix array 53 for the purpose of 
programming inverted data of the data to be stored in the 
?rst non-volatile semiconductor memory matrix array 13, 
and a differential sense ampli?er circuit 29, for the purpose 
of reading out data from both the ?rst non-volatile semi 
conductor memory matrix array 13 and the second memory 
matrix array 53. 

[0067] In this example, it is preferable that the above 
noted memory matrix array use a semiconductor (MONOS) 
type memory transistor having a con?guration of a gate 
layer comprising a silicon oxide ?lm layer, a silicon nitride 
?lm layer, a silicon oxide ?lm layer and a metal ?lm layer 
laminated onto a substrate. 

[0068] An example of the con?guration of a MONOS-type 
memory transistor used in the present invention is shoWn in 
FIG. 12. 

[0069] Speci?cally, the above-noted MONOS-type 
memory transistor has a construction that is formed in the 
successive lamination as shoWn in the draWing, onto a gate 
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region of a semiconductor substrate 101, into the semicon 
ductor (bulk) 106 of Which are provided a source region 107 
and a drain region 108, of a silicon oxide ?lm 102, a silicon 
nitride ?lm 103, a silicon oxide ?lm 104, and a metal ?lm 
gate layer 105. 

[0070] It is desirable that the memory cell siZe of the 
above-noted MONOS-type memory transistor used in the 
above-noted example of the present invention have, for 
example, a Width/length ratio (W/L) of 10/2.8 (units: pm). 

[0071] The non-volatile semiconductor memory device 
100 of this example further has a control circuit 11 and, in 
addition to the roW address selection circuit 15 and the 
column address selection circuits 17 and 57, has column 
direction ?rst and second program circuits 19 and 59, roW 
direction ?rst and second program circuits 21 and 61, 
differential sense ampli?er circuit 23, an address decoder 
circuit 25, a data input/output sWitching circuit 29, and a 
input data inverting circuit 63. 

[0072] The column address selection circuits 17 and 57 
each have exactly the same circuit con?guration. The col 
umn direction ?rst program circuits 19 and 59 also have 
exactly the same circuit con?guration. Additionally, the roW 
direction second program circuits 21 and 61 also have 
exactly the same circuit con?guration. 

[0073] The control circuit 11 is connected to the roW 
address selection circuit 15, the column direction ?rst and 
second program circuits 19 and 59, the roW direction ?rst 
and second roW program circuits 21 and 61, the differential 
sense ampli?er circuit 23, and the data input/output switch 
ing circuit 29. 

[0074] The address decoder circuit 25 is connected to the 
column address selection circuits 17 and 57 and the roW 
address selection circuit 15, and the roW address selection 
circuit 15 is connected to the memory matrix arrays 13 and 
53. 

[0075] The column direction ?rst program circuit 19 is 
connected to the memory matrix array 13, and the other 
column direction second program circuit 59 is connected to 
the memory matrix array 53. 

[0076] The roW direction ?rst roW program circuit 21 is 
connected to the memory matrix array 13, and the other 
second roW program circuit 21 is connected to the memory 
matrix array 53. 

[0077] The ?rst column address selection circuit 17 is 
connected to the memory matrix array 13 and the differential 
sense ampli?er circuit 23, and the other second column 
address selection circuit 57 is connected to the other 
memory matrix array 53 and to the differential sense ampli 
?er circuit 23. Additionally, the differential sense ampli?er 
circuit 23 is connected to the data input/output sWitching 
circuit 29. 

[0078] The data input/output sWitching circuit 29 is con 
nected to the ?rst column address selection circuit 17 and the 
input data inverting circuit 63, and the input data inverting 
circuit 63 is connected to the other second column address 
selection circuit 57. The input data inverting circuit 63 is 
implemented by a conventional inverter circuit. 

[0079] Next, the program operation of the ?rst example of 
a non-volatile semiconductor memory device 100 according 
to the present invention, shoWn in FIG. 1, Will be described. 
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[0080] The address signal 33 (AO through An) that is 
input to the non-volatile semiconductor memory device is 
input to the address decoder circuit 25, this being sent to the 
roW address selection circuit 15, and to the ?rst and second 
column address selection circuits 17 and 57. 

[0081] By means of the address signal 33 that is sent to the 
roW address selection circuit 15 and to the column address 
selection circuits 17 and 57, a speci?c memory address in 
the memory matrix array 13 and in the other memory matrix 
array 53 is selected by the roW address selection circuit 15 
and the ?rst and second column address selection circuits 17 
and 57. 

[0082] The data 31 (DO through Dn) that is input to the 
data input/output sWitching circuit 29 is sent from the data 
input/output sWitching circuit 29 to the ?rst column address 
selection circuit 17 and to the input data inverting circuit 63, 
by means of a control signal of the control circuit 11. 

[0083] The data 31 that is sent to the data input/output 
sWitching circuit 29 is inverted and sent to the second 
column address selection circuit 57. 

[0084] Then the data 31 is input to a memory having a 
speci?c address in the ?rst memory matrix array 13 that is 
selected by the roW address selection circuit 15 and the ?rst 
column address selection circuit 17, the inverted data of the 
data 31 to be stored in the ?rst memory matrix, being input 
to speci?c one and the same address in the second memory 
matrix array 53 as the address speci?cally designated in the 
?rst memory matrix array 13 speci?ed by the roW address 
selection circuit 15 and the second column address selection 
circuit 57. 

[0085] Finally, by means of a control signal from the 
control circuit 11, the column direction ?rst and second 
program circuits 19 and 59, and the roW direction ?rst and 
second program circuits 21 and 61 operate, and this opera 
tion programming data 31 into a speci?c address in the 
memory matrix array 13 Which is speci?ed by the roW 
address selection circuit 15 and the ?rst column address 
selection circuit 17, the inverted data of the data 31 being 
programmed into a speci?c address in the memory matrix 
array 53 selected by the roW address selection circuit 15 and 
the second column address selection circuit 57. 

[0086] That is, data With opposite phases are programmed 
into one and the same addresses in the ?rst memory matrix 
array 13 and the second memory matrix array 53. 

[0087] Next, the data readout operation in this example of 
the non-volatile semiconductor memory device 100 Will be 
described. 

[0088] The address signal 33 Which is input to the non 
volatile semiconductor memory device 100 is input to the 
address decoder circuit 25, and is sent to the roW address 
selection circuit 15, and to the ?rst and second column 
address selection circuits 17 and 57. 

[0089] According to the address signal 33 that is sent to 
the roW address selection circuit 15 and to the ?rst and 
second column address selection circuits 17 and 57, the roW 
address selection circuit 15 and ?rst and second column 
address selection circuits 17 and 57 select a memory having 
a speci?c address in the ?rst memory matrix array 13 and in 
the other second memory matrix array 53. 
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[0090] The memory data at the speci?c selected address in 
the ?rst memory matrix array 13 is sent via the ?rst column 
address selection circuit 17 to the differential sense ampli?er 
circuit 23. 

[0091] The memory data at the same speci?c selected 
address of the other second memory matrix array 53 is sent 
via the second column address selection circuit 57 to the 
differential sense ampli?er circuit 23. 

[0092] The differential sense ampli?er circuit 23 is imple 
mented by a conventional differential ampli?er circuit such 
as used in a conventional non-volatile semiconductor 
memory device the memory threshold voltage value, Which 
is the memory data of the ?rst memory matrix array 13 from 
the ?rst column address selection circuit 17 that is input to 
the differential sense ampli?er circuit 23 being compared 
With the memory threshold voltage, Which is the memory 
data of the second memory matrix array 53 from the second 
column address selection circuit 57, the difference therebe 
tWeen being taken, and the result being sent to the data 
input/output sWitching circuit 29. 

[0093] This signal, Which is sent to the data input/output 
sWitching circuit 29 is output as data 31 in accordance With 
a control signal from the control circuit 11. 

[0094] The memory data threshold voltage and the opera 
tion of the differential sense ampli?er circuit 23 Will be 
described next, using FIG. 2. 

[0095] FIG. 2 is a graph that shoWs the time variation 
characteristic of a programmed memory threshold voltage, 
While data is programmed in the memory in the above-noted 
example of the present invention. Because of changes With 
the passage of time, both the curve 71 Which shoWs the 
time-variation characteristics of a memory threshold voltage 
that is enhancement-programmed, and the curve 73 Which 
shoWs the time-variation characteristics of a memory thresh 
old voltage that is depression-programmed approach the 
threshold voltage value 45 of the memory at the time of 
fabrication of the memory. 

[0096] Because the signal voltage values from the ?rst 
memory matrix array 13 and second memory matrix array 
53, Which is input to the differential sense ampli?er circuit 
23 are necessarily opposite-phase data, the differential sense 
ampli?er circuit 23 ampli?es the threshold voltage differ 
ence 77 of this opposite-phase data, and sends this to the data 
input/output sWitching circuit 29. 

[0097] In general, the greater is the difference betWeen 
compared signals input to the sense ampli?er circuit 23, the 
faster Will be the operation of the differential sense ampli?er 
circuit 23. The input potential difference 77 that is input to 
the differential sense ampli?er circuit 23 in a non-volatile 
semiconductor memory device according to the present 
invention is double the input potential difference 17 that is 
input to the differential sense ampli?er circuit 23 of the 
non-volatile semiconductor memory device of the past 
shoWn in FIG. 4, so that the differential sense ampli?er 
circuit in the non-volatile semiconductor memory device 
according to the present invention operates faster than the 
differential sense ampli?er circuit in a non-volatile semi 
conductor memory device of the past. 

[0098] Therefore, in the ?rst example of a non-volatile 
semiconductor memory device according to the present 
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invention, by providing a ?rst and a second memory matrix 
array Which have exactly the same con?guration, and by 
programming opposite-phase data into each of these 
memory matrix arrays and reading out this memory data 
using a differential ampli?er circuit, it is possible to operate 
the differential ampli?er circuit at high speed even if there 
is variation With the passage of time, this enabling the 
achievement of a non-volatile semiconductor memory 
device capable of high-speed readout. 

[0099] In addition, by providing a ?rst and a second 
memory matrix array Which have exactly the same con?gu 
ration and programming opposite-phase data into these 
respective memory matrix arrays, and by reading out this 
memory data using a differential ampli?er circuit, it is 
possible to provide a non-volatile semiconductor memory 
device that is capable of operating a differential sense 
ampli?er circuit stably over long periods of time, even if 
there is change With the passage of time. 

[0100] Next, the con?guration and operation of a second 
example of a non-volatile semiconductor memory device 
according to the present invention Will be described, With 
reference being made to FIG. 6 through FIG. 8. 

[0101] Speci?cally, a non-volatile semiconductor memory 
device 200 according to the second example of the present 
invention is an electrically reWritable non-volatile semicon 
ductor memory device, this having a characteristic non 
volatile semiconductor memory device circuit con?guration 
and method of programming data into a memory array. In 
particular, this example relates to an electrically reWritable 
non-volatile semiconductor memory device 200 that is suit 
able for use in a data storage system that is required to Write 
data at high speed. 

[0102] FIG. 6 shoWs the con?guration of a non-volatile 
semiconductor memory device 200 according to the second 
example of the present invention, this being a non-volatile 
semiconductor memory device that has an electrically pro 
grammable memory matrix array, this memory matrix array 
being a ?rst non-volatile semiconductor memory matrix 
array 13 and a second non-volatile semiconductor memory 
matrix array 53 that has the same construction as the ?rst 
non-volatile semiconductor memory matrix array 13. 

[0103] This semiconductor memory device further has a 
memory matrix array selection circuit 80 Which is connected 
in common to the ?rst memory matrix array 13 and the 
second memory matrix array 53, and in response to a 
selection control signal that is output from a control circuit 
11, this memory matrix array selection circuit 80 issues a 
command to erase data of one of the non-volatile semicon 
ductor memory matrix arrays, for example 13, and simul 
taneously issues a command to Write into the other non 
volatile semiconductor memory matrix array, for example 
53. 

[0104] That is, the second example of the present inven 
tion has a ?rst non-volatile semiconductor memory matrix 
array 13 capable of being electrical Written With data, and 
another second memory matrix array 53 having memory 
cells of the exact same construction as the ?rst memory 
matrix array 13, this example also having a memory matrix 
array selection circuit 80, Which selects the above-noted ?rst 
and second non-volatile semiconductor memory matrix 
arrays 13 and 53, so that during the erasing of data of one 
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memory matrix array 13, for example, data is Written into the 
other memory matrix array 53, thus providing a non-volatile 
semiconductor memory device that is capable of performing 
the erasing and Writing operations simultaneously, and 
capable of shortening the time to process data. 

[0105] In the non-volatile semiconductor memory device 
200 according to this example of the present invention, it is 
desirable that the memory matrix array selection circuit 80 
use an electrically reWritable non-volatile semiconductor 
memory cell. 

[0106] That is, in the second example of the present 
invention, simultaneously With the execution of erasure of 
data from one of the memory matrix arrays, execution is 
performed of Writing into the other memory matrix array, 
and because alternating change is made betWeen the ?rst and 
second memory matrix arrays 13 and 53, it is necessary for 
the non-volatile semiconductor memory device itself to 
constantly remember Which of the ?rst and second memory 
matrix array 13 or 53 is selected for erasure and Which is 
selected for Writing. 

[0107] Therefore, in the non-volatile semiconductor 
memory device 200 according to this example, as noted 
above, a non-volatile memory circuit is provided With the 
memory matrix array selection circuit 80, so that even if the 
poWer supply is turned off temporarily, the selection infor 
mation is not lost, and When the poWer supply is turned on 
once again, the previous selection information is used to 
execute the appropriate processing. 

[0108] That is, in this example of the present invention, it 
is desirable that a non-volatile semiconductor memory 
device element be used in the memory matrix array selection 
circuit 80 that has the same structure as is used in the ?rst 
and second non-volatile semiconductor memory matrix 
arrays Which are capable of electrical reWriting of data. 

[0109] By using this con?guration, the fabrication process 
for the non-volatile semiconductor memory device can be 
simpli?ed. 

[0110] The it is desirable that at least one bit of a memory 
cell that is used in the memory matrix array selection circuit 
80 and has the same structure as used in the ?rst and second 
electrically reWritable non-volatile semiconductor memory 
matrix arrays 13 and 53 in the memory matrix array selec 
tion circuit 80 is provided, and further that this memory cell 
be a memory cell that has a transistor siZe that is the same 
as used in the ?rst and second non-volatile semiconductor 
memory matrix arrays. 

[0111] Furthermore, in this example, it is necessary not 
only to have one bit of a memory cell that has the same 
structure as used in the ?rst and second memory matrix 
arrays 13, 53 used in the above-noted memory matrix array 
selection circuit 80 and that has the same transistor siZe used 
therein, but also to separate and force the above-noted 
memory cell to be independent from the ?rst and second 
non-volatile semiconductor memory matrix arrays 13 and 
53. 

[0112] It is also desirable that the memory cell that has the 
same structure and transistor siZe as used in the ?rst and 
second non-volatile semiconductor memory matrix arrays 
13 and 53 provided in the memory matrix array selection 
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circuit 80, as noted above, be a MONOS-type semiconduc 
tor storage element as shoWn in FIG. 9. 

[0113] The operation of this example of the non-volatile 
semiconductor memory device 200 Will be described in 
detail beloW. 

[0114] The general con?guration of the second example of 
the non-volatile semiconductor memory device 200 accord 
ing to the present invention is, as shoWn in FIG. 6, basically 
the same as the ?rst example Which is shoWn in FIG. 1, With 
the difference that in this example there is the addition of the 
above-noted memory matrix array selection circuit 80, and 
that a reference voltage generation circuit 27 for generating 
a reference voltage, Which Was used in a non-volatile 
semiconductor memory device of the past, and a means for 
comparing the reference voltage, With a data voltage readout 
from each memory are provided in the differential sense 
ampli?er circuit 23 (not shoWn in the draWing). 

[0115] In particular in this example, the control circuit 11 
has input to it the chip enable signal /CE 35, the data output 
enable signal /OE 36, the chip erase enable signal /EE 37, 
the program enable signal /PGM 38, and the program 
high-voltage signal VPP 39, these being directly used in the 
operation of this example. 

[0116] That is, in the second example of the present 
invention Which is shoWn in FIG. 6, the electrically reWrit 
able non-volatile semiconductor memory device 200 has a 
?rst memory matrix array 13, and a second memory matrix 
array 53, Which has a structure that is exactly the same as the 
?rst memory matrix array 13. 

[0117] Also, this example of the non-volatile semiconduc 
tor memory device 200 has a control circuit 11, a roW 
address selection circuit 15, a ?rst column address selection 
circuit 17, a second column address selection circuit 57, a 
column direction ?rst program circuit 19, a column direction 
second program circuit 59, a roW direction ?rst roW program 
circuit 21, a roW direction second roW program circuit 61, a 
differential sense ampli?er circuit 23, an address decoder 
circuit 25, a data input/output sWitching circuit 29, a refer 
ence voltage generation circuit 27, and a memory matrix 
array selection circuit 80. 

[0118] The ?rst column address selection circuit 17 has 
exactly the same circuit con?guration as the second column 
address selection circuit 57. The ?rst column direction 
program circuit 19 has exactly the same circuit con?guration 
has the second column direction program circuit 59. 

[0119] The roW direction ?rst roW program circuit 21 has 
exactly the same circuit con?guration as the second roW 
program circuit 61. 

[0120] The control circuit 11 is connected to the memory 
matrix array selection circuit 80, the roW address selection 
circuit 15, the reference voltage generation circuit 27, and 
the data input/output sWitching circuit 29. 

[0121] The memory array selection signal 64, Which is an 
output of the memory matrix array selection circuit 80, is 
connected to the ?rst program circuit 19, the ?rst roW 
program circuit 21, the ?rst column address selection circuit 
17, the second program circuit 59, the second roW program 
circuit 61, and the second column address selection circuit 
57 . 
















