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(57) ABSTRACT 

Each memory cell of a nonvolatile Semiconductor memory, 
essentially, consists of a one-transistor type memory cell 
such as a MOSFET having a floating gate electrode. When 
an electric programming operation is carried out, a positive 
Voltage is applied to an in type drain region, a negative 
Voltage is applied to a control gate and a Source region is 
grounded. When an erasing operation is carried out, the 
positive Voltage is applied to the control gate while all the 
other electrodes and a Semiconductor Substrate are 
grounded. Low power consumption can be accomplished 
because both of the programming operation and erasing 
operations are carried out by utilizing a tunneling mecha 
nism. Furthermore, because the negative Voltage applied to 
the word line, a drain Voltage at the time of programming of 
data can be lowered, so that degradation of a gate oxide film 
at a channel portion can be mitigated. 
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NONVOLATILE SEMCONDUCTOR MEMORY 

0001. This application is a continuation of Ser. No. 
09/630,426, filed Aug. 1, 2000, which was a continuation of 
application Ser. No. 09/288,313, filed Apr. 8, 1999, now U.S. 
Pat. No. 6,101,123; which was a continuation of Ser. No. 
09/124,794, filed Jul 30, 1998, now U.S. Pat. No. 5,910, 
913; which was a divisional of application Ser. No. 08/739, 
156, filed Oct. 30, 1996, now U.S. Pat. No. 5,828,600; which 
was a divisional of application Ser. No. 08/164,780, filed 
Dec. 10, 1993, now U.S. Pat. No. 5,592,415; and which, in 
turn, was a continuation-in-part of application Ser. No. 
08/085,156, filed Jul. 2, 1993, now abandoned; and the 
entire disclosures of all of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates to a nonvolatile semiconduc 
tor memory having an electric programmable/erasable func 
tion. 

0004 2. Description of the Related Art 
0005. A memory referred to as an “electric one-time 
erasable NOR type flash memory” has been developed in the 
past as a nonvolatile Semiconductor memory as described, 
for example, in JP-A-62-27687 (laid open on Dec. 1, 1987) 
and JP-A-3-219496 (laid open on Sep. 26, 1991). 
0006 FIG. 7 of the accompanying drawings illustrates a 
schematic sectional structure of the NOR type flash memory 
cell according to the prior art and its operation. The NOR 
type flash memory cell according to the prior art comprises 
a floating gate type field effect transistor Structure wherein a 
gate oxide film 2, a floating gate 3, an intermediate insulat 
ing film 4 and a control gate 5 are formed on ap type Silicon 
Substrate 1, an in type impurity layer 22 is formed on a Source 
terminal Side and an in type impurity layer 23 and a p type 
impurity layer 24 are formed on a drain terminal Side. 
0007. The NOR type flash memory according to the prior 
art is formed by arranging the memory cells described above 
in matrix, connecting the drain terminal of each memory cell 
to a data line, connecting each Source terminal to a common 
Source line, and connecting each control gate to a word line. 
0008 Memory cell data is erased by applying a negative 
Voltage to the control gate 5 and a positive Voltage to the 
Source impurity layer 22. At this time, a high electric field is 
applied to the gate oxide film 2 and a tunnelling mechanism 
of electrons takes place, So that electrons accumulated in the 
floating gate 3 are pulled out to the Source impurity layer 22. 
A threshold Voltage of the memory cell decreases due to this 
erasing operation. 

0009 Programming of data into the memory cell is 
effected by applying a positive Voltage to the drain impurity 
layer 23 and to the control gate 5. At this time, hot electrons 
generated in the vicinity of the Surface of a drain junction are 
injected into the floating gate 3. A threshold Voltage of the 
memory cell increases due to this programming. 
0.010 The NOR type flash memory according to the prior 
art described above have the function of collectively erasing 
at one time a chip as a whole or a certain groups of memory 
cells, and one transistor can constitute one memory cell. 
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Further, when a circuit Scheme wherein a Source wiring is 
used in common for all bits, is employed, the memory chip 
area can be reduced. 

0011. In comparison with the NOR type flash memory 
cell according to the prior art described above, a nonvolatile 
Semiconductor memory is known which utilizes a Fowler 
Nordheim (F-N) tunneling mechanism. 
0012. An ACEE (Advanced Contactless EEPROM) 
described in IEEE Journal of Solid-State Circuits, Vol. 4, 
No. 4, April 1991, pp. 484-491, is one of the examples of the 
non-volatile Semiconductor memory described above. Tran 
sistors used for this ACEE are those transistors which have 
a thin oxide film region for the F-N tunneling at only an 
overlapped portion between the floating gate and the Source, 
and the thickness of the oxide film of the transistor region is 
set to be greater than the thickness of the oxide film in the 
tunnel region. The memory cells are arranged in matrix, the 
drain terminal of each memory cell is connected to a data 
line comprising an impurity layer, and the Source terminal is 
connected to a Source line comprising mutually different 
impurity layers. Further, the impurity layer data line and the 
impurity layer Source lines connected to a plurality of 
memory cells are connected to a data line and to a common 
Source line through a MOS transistor (Select transistor), 
respectively. 
0013 The device operations are as follows. In the erasing 
operation, a negative voltage (-11 V) is applied to a selected 
control gate to turn ON a Source Side Select transistor and a 
positive voltage (5 V) is applied to the common Source 
terminal, So that electrons are released from the floating gate 
through the tunnel region on the Source Side of the Selected 
memory cell. In the programming operation, the drain side 
Select transistor is turned ON with the Source side select 
transistor being kept OFF, a positive voltage (18 V) is 
applied to the Selected control gate, a positive voltage (7 V) 
is applied to the non-Selected control gate to Such an extent 
that programming is not made, 0 V is applied to the data line 
So as to Set the Voltage on the Source Side to 0 V through the 
non-Selected memory cells which commonly share the data 
line but to which programming is not made, and the elec 
trons are thus injected into the floating gate from the Source 
Side tunnel region of the Selected memory cell by utilizing 
the F-N tunneling mechanism. Here, a 7 V voltage is applied 
to the data line for those memory cells which share in 
common the control gate Voltage with the memory cell to be 
Subjected to programming but into which programming is 
not made, and the electric field applied to the Source Side 
tunnel region is relaxed. 
0014. Since the ACEE utilizes the F-N tunneling mecha 
nism for the programming/erasing operations, a consumed 
current per bit is Small and hence, a Voltage booster having 
Small current drivability can be used inside the chip. Accord 
ingly, a single 5 V Supply can be used. 
0015. A nonvolatile semiconductor memory utilizing the 
F-N tunneling mechanism is also described in JP-A-4-14871 
(laid open on Jan. 20, 1992). This nonvolatile semiconductor 
memory uses a floating gate type field effect transistor 
Structure for memory cells, and has the Structure wherein the 
drains of a predetermined number of memory cells are 
connected by a sub bit line, this sub bit line is connected to 
a main bit line through a MOS transistor, and the source 
terminals are connected in common to the Source line. 
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0016 To erase memory cell data, a positive voltage V 
(e.g. 22 V) is applied to the control gate, and the Source 
terminals and the drain terminals are first grounded So as to 
accumulate the electrons in the floating gate. In the pro 
gramming operation, the control gate of a Selected memory 
cell is grounded and the positive voltage V is applied to the 
drain impurity layer. To inhibit programming, a Voltage VP/2 
is applied to the drain terminals. Accordingly, the electrons 
are released from the floating gate to the drain impurity layer 
in the Select memory cell due to the tunneling mechanism. 
0.017. The non-volatile semiconductor memory using the 
F-N tunneling mechanism effects the programming/erasing 
operations of data by the use of a very Small current, that is, 
the tunnel current. Accordingly, this Semiconductor memory 
is effective for accomplishing lower power consumption. 

0018. An EEPROM described in IEEE Journal of Solid 
State Circuits, Vol. SC-17, No. 5, October 1982, pp. 821 
827, is another example of the nonvolatile Semiconductor 
memory using the F-N tunneling mechanism. In this 
EEPROM, the electrons are injected from the drain to the 
floating gate and attain a low threshold Voltage in the 
programming operation, and the electrons are released from 
the floating gate to the whole channel immediately therebe 
low and attain a high threshold value. The cell of this 
EEPROM comprises a floating gate type F-N tunnel tran 
Sistor and a Selector transistor connected to the drain side of 
the former. The memory cells are arranged in matrix, the 
drain terminal of the Select transistor of the memory cell is 
connected to the data line through a Switch transistor outside 
the memory cell, and the Source terminal of the floating gate 
type F-N tunnel transistor of the memory cell is directly 
connected to the common Source line. 

SUMMARY OF THE INVENTION 

0019. However, in the NOR type flash memory cell 
shown in FIG. 7, the consumed current at the time of 
programming is great, although the memory cell Structure is 
miniature, and a Single power Supply operation is difficult. In 
other words, Since the data programming operation to the 
floating gate relies on the hot carrier injection System, a 
current of about 500 uA per bit must be supplied as a drain 
current, for a drain current of higher than 3.3 V, for example. 
Further, in the case of a Single 3 V Supply, an operation at 
a minimum power Source Voltage of 2.7 V must be insured. 
Therefore, a drain terminal Voltage condition for program 
ming cannot be satisfied. Furthermore, even when a 3.3 V 
Stabilized power Source is produced by the use of a Voltage 
booster inside a chip, the increase of the area of the Voltage 
booster necessary for Supplying a large current for the hot 
carriers becomes essentially necessary, and this renders an 
obstacle for reducing the chip area. 
0020. In contrast, the nonvolatile semiconductor memory 
utilizing the F-N tunneling mechanism is effective for reduc 
ing power consumption because the program/erase opera 
tion of the data is effected using a very Small current of the 
tunnel current. 

0021 However, the cell of the EEPROM comprising the 
floating gate type F-N tunnel transistor and the Select 
transistor according to the prior art involves the problem that 
the cell area is great. Moreover, the inventors of the present 
invention have clarified, as a result of Studies, the problems 
that the flow threshold voltage of the floating gate type F-N 
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tunnel transistor assumes a negative value due to the circuit 
Scheme of the memory cell and that a large drain current 
flows through the memory cell at the time of the program 
ming operation because a Switch transistor is not interposed 
between the Source terminal of the floating gate type F-N 
tunnel transistor of the memory cell and the common Source 
line. 

0022. The ACEE according to the prior art described 
above has the impurity layer wiring Structure which can 
reduce the number of contact holes per bit of the memory 
cell, and reduces the memory array area. However, the 
memory cell itself Substantially requires two regions, that is, 
the transistor region and the exclusive tunnel oxide film 
region for generating the F-N tunneling mechanism, and the 
increase of the memory cell area is unavoidable. 
0023 Now, let's consider the case where the floating gate 
type field effect transistor structure described in JP-A-4- 
14871 is applied to the ACEE circuit scheme in order to 
avoid the increase of the memory cell area. In this case, 
according to the circuit operation of the ACEE of the prior 
art described above, the control gate Selected at the time of 
programming of the data into the memory cell is Set to 18 V 
and the data line to 0 V. Accordingly, the memory cell is 
under the inversed State, and the electrons are injected into 
the floating gate through the whole channel. Accordingly, it 
has been found out that the data write time becomes longer 
than when a transistor having an original eXclusive tunnel 
region is used. 
0024. In the circuit operation of the ACEE according to 
the prior art described above, a 7 V voltage is applied to the 
data line to inhibit programming and the Source line is 
charged through the non-Selected memory cells. However, 
Since the charge current of the Source line flows from the 
drain terminal of the non-Selected memory cell to the Source 
terminal, injection of the hot electrons into the floating gate 
is more likely to occur, So that programming of electrons 
into the non-Selected memory cells takes place. This phe 
nomenon is referred to as “disturbance'. It has been found 
out that this disturbance invites the rise of the threshold 
Voltage in the non-Selected memory cells. 
0025. It has been found out further that when the floating 
gate type field effect transistor Structure is applied to the 
ACEE, variance of the threshold voltage (low threshold 
voltage) at the time of erasing must be restricted. In the 
erasing operation, the positive Voltage is applied to the 
Source terminal and the negative Voltage to the control gate, 
So that the electrons can be pulled out from the floating gate 
to the Source impurity layer by the tunneling mechanism. 
Since the Source impurity layer region Serves as the tunnel 
region, any variance of the formation process of the Source 
impurity layer results in variance of the tunnel current. This 
variance of the tunnel current is greater than variance 
occurring in the Structure where the tunnel region is exclu 
Sively disposed. As a result, when the memory cells existing 
on the same word line are erased at one time, variance of the 
tunnel current invites variance of the erase time. Accord 
ingly, the erase Voltage is excessively applied to the memory 
cell which is erased at the earliest timing and its threshold 
Voltage is likely to become negative. The greater the Scale of 
the memory array, the greater becomes variance of the 
formation process of the Source impurity layer as the cause 
of this phenomenon. Accordingly, it has been found out that 
a large Scale memory cell is difficult to attain. 
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0026. As described above, the inventors of the present 
invention have clarified that though the circuit Scheme of the 
ACEE is effective, there still remain the problems of pro 
gramming characteristics, disturbance characteristics and 
expansion of the scale of the memory array when the ACEE 
is accomplished by the mere use of the floating gate type 
field effect transistor structure. 

0027) Further, when the nonvolatile semiconductor 
memory described in JP-A-4-14871 is examined, the fol 
lowing problems are found out to increase the memory array 
Scale, though this device has the possibility of a higher 
integration density and a higher readout Speed. 

0028 (1) To promote miniaturization, this memory 
employs a Sub bit line Structure using a Silicide or a 
refractory metal, but one contact region per two bits must be 
disposed. Accordingly, the memory cell area must Still be 
reduced effectively. 
0029 (2) The erasing operation is effected by applying 
the positive Voltage V to the control gate and grounding the 
Source and drain terminals, and the programming operation 
is effected by grounding the control gate and applying the 
positive Voltage V to the drain impurity layer. Accordingly, 
degradation of the tunnel oxide film in the vicinity of the 
Source region is remarkable and current drivability B of the 
memory cell drastically drops. More specifically, when the 
programming operation is carried out by grounding the 
control gate and applying the positive voltage V to the drain 
diffusion layer, holes of the electron-hole pairs occurring at 
the drain terminal are injected into the gate oxide film in 
accordance with the direction of the electric field. When the 
number of times of program/erase is Small, the injection 
quantity of the holes is Small, and degradation occurs only 
at the drain terminal and does not invite the drop B of the 
memory cell. AS the number of times for program/erase 
increases, the injection quantity of the holes becomes greater 
and drain expands from the drain terminal to portions in the 
vicinity of the source. For this reason, it becomes difficult to 
guarantee the number of times of program/erase of at least 
10° which is required for a large capacity file memory. 
0.030. It is therefore an object of the present invention to 
provide a nonvolatile Semiconductor memory having low 
power consumption, capable of a high Speed operation and 
having an effectively reduced cell area in a nonvolatile 
Semiconductor memory having an electric programmable/ 
erasable function. 

0031. It is another object of the present invention to 
provide a non-volatile Semiconductor memory ensuring the 
number of times of program/erase of at least 10 and optimal 
for a large Scale memory array in both aspects of program 
ming characteristics and disturbance characteristics. 
0.032 The objects described above can be accomplished 
by a nonvolatile Semiconductor memory having an electric 
programmable/erasable function, as typified by a preferred 
embodiment of the present invention shown in FIG. 1, for 
example, which comprises memory arrays each comprising 
a plurality of memory cells disposed in matrix having rows 
and columns, wherein each memory cell comprises one 
MOSFET including a source region 6 and a drain region 7 
disposed on a Semiconductor Substrate in a mutually spaced 
apart relationship, a floating gate electrode 3 formed through 
a gate insulating film 2 having a uniform film thickneSS from 
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the Surface of the Source region to the Surface of the drain 
region 7 and a control gate 5 formed on the floating gate 
electrode 3 through an intermediate insulating film 4, 
wherein the drain regions of a plurality of memory cells on 
the Same column are connected to a data line formed for 
each column and the control gates of the memory cells on 
the same row are connected to a word line formed for each 
row, wherein a Voltage having a first polarity with respect to 
the Semiconductor Substrate 1 is applied to the drain region 
7 of the memory cell which is an object of a programming 
operation and a Voltage having a Second polarity different 
from the first polarity with respect to the Semiconductor 
substrate 1 is applied to the control gate 5 of the memory cell 
when the programming operation is effected, So as to Set the 
Source region 6 of the memory cell to the same potential as 
the potential of the Substrate, and wherein a Voltage having 
the first polarity with respect to the Semiconductor Substrate 
1 is applied to the control gates 5 of a plurality of memory 
cells to be Subjected to an erasing operation and all the other 
electrodes and the Semiconductor Substrate 1 are kept at the 
Same potential when the erasing operation is effected. 

0033. In this way, the present invention accomplishes low 
power consumption by the program/erase System utilizing 
the tunneling mechanism. On the other hand, miniaturization 
of the memory cell area can be accomplished by the memory 
cell structure shown in FIG. 1. 

0034. In the erasing operation, the voltage having the first 
polarity is applied to the control gate 5 and the Source region 
6 and the drain region 7 are brought to the same potential as 
that of the substrate. Accordingly, the F-N tunneling devel 
opS through the gate oxide film 2, and the electrons are 
charged into the floating gate 3 from the whole channel of 
the memory cell. In consequence, the threshold Voltage of 
the memory cells on the same row is raised. A plurality of 
memory cells having the control gates thereof connected to 
a plurality of word lines can be collectively erased by 
Selecting at one time a plurality of word lines. Unlike the 
programming operation of the ACEE described above, this 
erasing operation does not charge the Source line through the 
memory cells, into which programming is not made, by 
applying the Voltage having the first polarity to the data line. 
Therefore, the problem of degradation of the hot carriers due 
to the charge current, etc., of the Source line does not occur. 
0035) In the programming operation, the voltage having 
the Second polarity is applied to the control gate 5 while the 
Voltage having the first polarity is applied to the drain region 
7, and the Source region 6 is brought to the same potential 
as the Substrate potential. Accordingly, the F-N tunneling 
develops through the gate oxide film 2 and the electrons are 
released from the floating gate 3 to the drain diffusion layer 
Side using an overlapped portion (hereinafter after referred 
to as the "drain diffusion layer edge region') between the 
drain diffusion layer 7 and the floating gate 3, so that the 
threshold voltage of the memory cells becomes low. The 
programming operation is effected in the word line unit, the 
Voltage of the data line connected to the memory cell to be 
Subjected to programming is Set to the Voltage having the 
first polarity, and the Voltage of the data line connected to the 
memory cells, for which programming is not made, is 
brought to the same potential as the Substrate potential. In 
this way, programming can be made to desired memory 
cells. 
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0036). In the readout operation, the selected word line is 
Set to the Voltage having the first polarity while the non 
Selected word lines are kept at the same potential as the 
Substrate potential. The memory cell for which program 
ming is made is turned ON and a current flows, but the 
memory cells for which programming is not made are turned 
OFF and no current flows. Accordingly, the ON/OFF state of 
the memory cells can be obtained by observing the current 
or the Voltage flowing through the data line by the use of a 
Sense amplifier connected to the data line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 is a sectional view showing, in simplifica 
tion, the Sectional Structure of a memory cell used for a 
nonvolatile Semiconductor memory according to the present 
invention. 

0.038 FIG. 2 is a circuit diagram showing the circuit 
Scheme according to the first embodiment of the present 
invention. 

0039 FIG. 3 is a block diagram of the nonvolatile 
Semiconductor memory according to the first embodiment of 
the present invention. 
0040 FIG. 4 is a plan view showing the memory cell 
Structure of the nonvolatile Semiconductor memory accord 
ing to the first embodiment of the present invention. 
0041 FIG. 5 is a sectional view showing a memory cell 
shape when taken along a line A-A of FIG. 4. 
0.042 FIG. 6 is a sectional view showing the memory cell 
shape when taken along a line B-B' of FIG. 4. 
0.043 FIG. 7 is a sectional view showing the structure of 
an NOR type flash memory according to the prior art. 
0044 FIG. 8 is a plan view showing the memory cell 
Structure of a nonvolatile Semiconductor memory according 
to the Second embodiment of the present invention. 
004.5 FIG. 9 is a sectional view showing the memory cell 
shape when taken along a line A-A of FIG. 8. 
0.046 FIG. 10 is a sectional view showing the memory 
cell shape when taken along a line A-A of FIG. 4, according 
to the third embodiment of the present invention. 
0047 FIG. 11 is a sectional view showing the memory 
cell shape when taken along a line A-A of FIG. 4 as an 
expanded example of the third embodiment of the present 
invention. 

0.048 FIG. 12 is a sectional view showing the memory 
cell shape when taken along a line A-A of FIG. 4, according 
to the fourth embodiment of the present invention. 
0049 FIG. 13 is a sectional view showing the memory 
cell shape when taken along the line A-A of FIG. 4, 
according to the fifth embodiment of the present invention. 
0050 FIG. 14 is a sectional view showing the memory 
cell shape when taken along the line A-A of FIG. 4, 
according to the Sixth embodiment of the present invention. 
0051 FIG. 15 is a sectional view showing the memory 
cell shape when taken along the line A-A of FIG. 4, 
according to the Seventh embodiment of the present inven 
tion. 
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0052 FIG. 16 is a sectional view showing the memory 
cell shape when taken along the line A-A of FIG. 4, 
according to the eighth embodiment of the present inven 
tion. 

0053 FIG. 17 is a graph showing dependence of current 
Supply drivability on the number of times of program/erase. 
0054 FIG. 18 is a table showing a voltage relationship of 
Signal lines in each of the data erasing, programming and 
read-out operations in the first embodiment of the present 
invention. 

0055 FIG. 19 is a table similar to FIG. 18 in the second 
embodiment of the present invention. 
0056 FIG. 20 is a block diagram of a nonvolatile semi 
conductor memory device according to another embodiment 
of the present invention. 
0057 FIGS. 21 to 24 are diagrams illustrating various 
operations of the device shown in FIG. 20. 
0.058 FIG. 25 is a block diagram of a nonvolatile semi 
conductor memory device according to another diagram of 
the present invention. 
0059 FIG. 26 is a diagram illustrating various operations 
of the device shown in FIG. 25. 

0060 FIGS. 27 to 29 are block diagrams of memory 
Systems according to other embodiments of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0061 The first embodiment of the present invention will 
be described with reference to FIGS. 1 to 6. 

0062 FIG. 1 shows a device structure (a transistor struc 
ture) of a memory cell, FIG.2 shows a circuit scheme, FIG. 
3 is a block diagram of a nonvolatile Semiconductor 
memory, FIG. 4 is a plan view of the memory cell structure, 
FIG. 5 is a sectional view taken along a line A-A of FIG. 
4, and FIG. 6 is a sectional view taken along a line B-B' of 
FIG. 4. 

0063 FIG. 1 shows in a simplified form a transistor in 
the region encompassed by a dash line in FIG. 5 so as to 
explain the operation of a memory cell according to the 
present invention. Since the structure shown in FIG. 5 is 
used in practice, the memory cell Structure will be explained 
with reference to FIG. 5. The drawing shows a memory cell 
for 2 bits, having the same word line. A gate insulating film 
53 having a uniform film thickness of about 7 nm is formed 
on ap type Semiconductor Substrate 52. A first floating gate 
electrode 54 is formed on a gate oxide film 53, and an 
insulating film 55 is formed on the side surface of the first 
floating gate electrode 54. A Second floating gate electrode 
56, which is electrically connected to the first floating gate 
electrode, is formed next. A control gate 58 functioning as a 
word line is formed on the second floating gate electrode 56 
through an intermediate insulating film 57. An about 15 nm 
thick insulating film, as calculated by a Silicon dioxide film, 
is used for the intermediate insulating film. The Second 
floating gate electrode 56 is So designed as to possess a 
greater area than the first floating gate electrode 54. In this 
way, a capacitance between the Second floating gate 56 and 
the control gate 58 is increased. Incidentally, the first floating 
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gate electrode 54 is patterned into a gate length of the 
memory cell. An in type Source region 62 and drain region 61 
are formed in Self-alignment with the first floating gate 
electrode 54. A p type diffusion region 64 is formed in the 
Source region 62 to a greater depth than the n type impurity 
diffusion layer forming the Source region 62, and an in type 
impurity region 63 for diffusion layer wiring of the Source 
region is formed. The p type diffusion layer region 64 
functions also as a punch-through Stopper which is required 
at a gate length of the memory cell of below 0.4 microns, and 
is used for regulating the threshold Voltage of the memory 
cell under a thermal equilibrium condition. To tunnel-release 
electrons using an overlapped portion between the drain 
region 61 and the floating gate 54 (a drain diffusion layer 
edge), the impurity concentration of the n type impurity 
diffusion layer 61 constituting the drain region 61 is set to be 
higher than the impurity concentration of the n type impurity 
diffusion layer constituting the Source region 62. For 
example, the drain region is formed by ion implantation of 
arsenic and its Surface concentration is Set to be at least 
100/cm3. 

0.064 FIG. 2 shows the basic circuit of two blocks using 
in word lines (e.g., n=16 to 128) as a unit. Here, n memory 
cells constitute one group 11, and memory cells correspond 
ing to m data lines are connected to one word line. There 
fore, mxn memory cells function as one block. To establish 
connection between the data lines and the memory cells, a 
contact hole region 12 is defined for each group and is 
connected to the data lines. In other words, the memory cells 
are connected in parallel, and the drain and source terminals 
of these memory cells are connected by a drain diffusion 
layer wiring 13 formed by an in type impurity region, as a 
first common wiring, and by a Source diffusion layer wiring 
14 as the second common wiring. Each data line 18 is wired 
by a metal having a low resistance value, and is connected 
to the drain diffusion layer wiring (sub data line) 13 inside 
the block through lines of select transistors 15, 20 compris 
ing an in type MOS transistor (or insulated-gate field-effect 
transistor). The drain terminal of each of the n memory cells 
is connected to the drain diffusion layer wiring 13 and its 
Source terminal, to the Source diffusion layer wiring (Sub 
Source line) 14. Here, the resistance value of the drain and 
Source diffusion layer wirings is from 50 to 500 S2/O, for 
example. The Source diffusion layer wiring 14 is connected 
to the common Source wiring 17 through Select transistors 
16, 19 comprising an in type MOS transistor (or insulated 
gate field-effect transistor). 
0065. The number m of data lines to be connected to one 
word line is, for example, Some multiples of 512. For, in 
View of the alternative application of fixed memory devices 
at present, handling of one input/output (I/O) device 
becomes easier when the number of data lines is Some 
multiples of 512. The number n of the word lines greatly 
depends on the electrical characteristics of the constituent 
memory cells and the resistance value of the diffusion layer 
wiring. When the number of the word lines connected to the 
data lines is 8,192, for example, 8,192/nx2 select transistors 
become necessary. Therefore, the greater the number n, the 
Smaller becomes the occupying area of the Select transistors. 
However, when n becomes great, the resistance value of the 
diffusion layer cannot be neglected, and the read-out char 
acteristics of the memory cell are lowered. Here, n of 32 to 
256 is used. 
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0066 Reduction of the chip area can be promoted by 
arranging the memory cells in the array form as shown in 
FG, 2. 

0067. The block structure of the nonvolatile semiconduc 
tor memory chip will be explained with reference to FIG. 3 
A latch circuit 33 for holding data is connected to the 
memory array portion 31 shown in FIG. 2 and to each data 
line 32 connected to the memory array. Each latch circuit 33 
is then connected to a common data line through a decoder 
34. The common data line is connected to an input/output 
circuit. Further, an external input power Source terminal 
having a single Voltage level is disposed on the same 
Substrate, though not shown in the drawing. Incidentally, the 
latch circuit, the decoder, the common data line and the 
input/output circuit can be disposed for the other memory 
arrays formed in the same chip. 
0068 A drive line of a select transistor for selecting the 
word line and the block connected to each memory block is 
connected to each decoder 35, 36. A high Voltage generator 
(voltage booster) 37 and a negative Voltage generator 38 are 
connected to the decoders 35, 36. According to this struc 
ture, a high Voltage is Selectively applied from the Voltage 
booster 3 to the selected word line at the time of erase, and 
a negative Voltage is Selectively applied from a negative 
voltage generator 38 to the selected word line at the time of 
programming. 
0069. The voltage booster 37 and the negative voltage 
generator 38 comprise a charge pump type Voltage con 
verter, for example, and can generate a high Voltage and a 
negative voltage from a single power Supply Voltage of not 
higher than 3.3 V. 
0070 Next, the voltage relationship of the signal lines in 
each of the data erasing, programming and readout opera 
tions in this embodiment will be explained with reference to 
Table 1 in FIG. 18. Table 1 tabulates an example of the 
erasing, programming and read-out operations for the word 
line W12. The term "erase state' means herein the state 
where the threshold voltage of the memory cell is under a 
high state of at least 3.3 V, for example, and the term 
“programming State' means a State where the threshold 
voltage is within the range of 0.5 to 1.5 V, for example. 
0071 First of all, to effect the erase operation, the block 
1 containing W12 must be activated. Here, SD1 and SS1 are 
set to 3.3 V So as to turn ON at least one of the select 
transistors 15 and 16. At this time, the voltage of the signal 
lines SD2 and SS2 of the other block is 0 V. A voltage of 12 
V is applied to W12 of the word line in the selected block, 
and all the other word lines are set to 0 V. Since all the data 
lines are set to 0 V at this time, a voltage of 6 to 8 V as a 
capacitance division Voltage of a control gate Voltage and a 
channel Voltage is applied to the floating gates of all the 
memory cells connected to the word line W12. Accordingly, 
a high electric field is applied to the gate oxide film between 
the floating gates and the channel region, an F-N tunnel 
current flows and electrons are injected to the floating gates, 
so that the threshold voltage of the memory cell can be 
brought to about 3.3 V. The time necessary for erasing is 
about 1 millisecond. Since the memory cells on the other 
word lines are not erased, only the memory cell on one word 
line can be erased, and erase in a 512-byte unit (Sector 
erase), for example, can be made. Simultaneous erase of 
multiple SectorS is also possible by Selecting Simultaneously 
a plurality of word lines. 
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0.072 To execute programming, the data is first trans 
ferred from the input/output circuit to the latch circuit 33 
(included in the sense/latch circuit 39 in FIG. 3) disposed 
for each data line. Next, to activate the block 1 containing 
the word line W12, the signal line SD1 is set to a voltage of 
not lower than 3.3 V. At this time, SS1 is set to 0 V, and the 
Source line in the block is electrically isolated from the 
common source line. The signal lines SD2 and SS2 of the 
non-selected block are set to 0 V, and the non-selected block 
is cut off from the data line. A voltage of -7 V is applied to 
the word line W12 inside the selected block, and all the other 
word lines are set to 3.3 V as the power Source Voltage, for 
example. A voltage of 0 V or 3.3 V, for example, is applied 
to the diffusion layer wirings inside the block in accordance 
with the data of the latch circuit connected to each data line. 
When the voltage of the drain terminal of the memory cell 
is 3.3 V, a high electric field is applied to the gate oxide film 
between the drain diffusion layer and the floating gate, the 
electrons inside the floating gate are pulled out to the drain 
terminal, and thus the threshold Voltage of the memory cell 
can be lowered to below 1 V. When the drain terminal 
Voltage is 0 V, the absolute value of the floating gate Voltage 
calculated from capacitance coupling is Small, the tunneling 
mechanism through the gate oxide film does not occur, and 
the threshold Voltage of the memory cell does not change. 
Though the voltages of the word lines of the non-selected 
block are all set to 0 V for the purpose of explanation, this 
value is not particularly limitative. For example, 3.3 V as the 
power Source Voltage may also be applied. 
0073. In this programming operation, the pull-out time of 
the electrons, that is, the programming time, is divided by 
30, for example, and the threshold voltage of the memory 
cell is verified and is compared with the data in the latch 
circuit disposed for each data line whenever the program 
ming operation is conducted once. If the threshold Voltage is 
below a predetermined value (e.g., 1V), the data in the latch 
circuit is re-written (e.g., from 3.3 V to 0 V) so as to inhibit 
the Subsequent programming operation. When the threshold 
value is above the predetermined value (e.g., 1V), one time 
of the programming operation is further added. In other 
words, when the threshold voltage of the memory cell 
reaches the predetermined low threshold Voltage, the Voltage 
of the latch circuit 33 reaches 0 V. In the subsequent 
programming operation, therefore, the Voltage of the drain 
diffusion layer 7 becomes 0 V and the tunneling mechanism 
of the electrons does not occur. Programming can be attained 
into all the memory cells, that exist on one word line and 
require programming, without variance of data by repeating 
the flow described above. In this manner, the threshold 
voltage of the memory cells can be controlled to 0.5 to 1.5 
V and at the same time, variance of the low threshold Voltage 
can be restricted even when simultaneous programming is 
conducted in multiple bits. Accordingly, this embodiment 
can avoid the influences of variance on the low threshold 
voltage described in ACEE. 
0.074 As described above, the threshold voltage can be 
lowered for only the memory cell having the data line to 
which the 3.3 V Voltage is applied, and programming of data 
is effected. The time necessary for this programming is 
about one milli-Second. The Voltage applied to the data line 
described above is determined by disturbance characteristics 
to the memory cells on the same word line for which 
programming is not made. In other words, Since a Voltage 0 
V is applied to the drain terminals and -7 V to the word line, 
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and consequently, the electrons are gradually released from 
the floating gate. To limit the release of the electrons in the 
non-programmed cells, it is necessary to increase the dif 
ference of the drain Voltages between the programmed cell 
and the non-programmed cells. Though this embodiment 
uses the 3.3 V voltage, the absolute value of the negative 
Voltage to be applied to the word line can be decreased and 
an undesirable decrease of the threshold Voltage of a cell 
which is not Selected for programming can be Suppressed by 
the use of a voltage higher than 3.3 V. 

0075. In this embodiment, the 3.3 V voltage is applied to 
the word lines (W11, W1n) of the non-selected memory cells 
in the Selected block at the time of programming. This is 
directed to improve the operation margin of the memory 
cell. The Voltage applied to the non-Selected word lines is 
determined depending on the number of times of program/ 
erase. If the non-Selected memory cell has a high threshold 
Voltage, an extremely Small tunnel current flows from the 
floating gate to the drain terminal, and there is the possibility 
that the electrons are pulled out from the floating gate with 
a result that the threshold voltage of the non-selected 
memory cell is decreased to Such a level that the memory 
cell is no longer held in an erased State. The total time of 
program/erase of the non-Selected memory cells is 31x1, 
000,000 timesx1 msec=31,000 seconds when all the other 
word lines in the same block are Subjected to the program/ 
erase operations 1,000,000 times (assuming n=32). There 
fore, the data of the memory cells must be held at least 
within the time described above. When the threshold voltage 
of the memory cell under the thermal equilibrium condition 
is high, the data can be held even when the Voltage of the 
non-selected word lines is 0 V, but when the threshold 
Voltage under the thermal equilibrium condition is lowered 
to 0.5 V, for example, the voltage of the non-selected word 
lines must be at least 1 V in order to relieve an electric field 
between the floating gate and the drain terminal. When the 
design range of the threshold Voltage of the memory cells 
under the thermal equilibrium condition is expanded in this 
way, a positive Voltage must be applied to the non-Selected 
word lines, but the same voltage of 3.3 V as the power 
Source Voltage is shown used for ease of explanation. 

0076 Since the voltage to be applied to the non-selected 
word lines is set to 3.3 V as described above, the Source 
wirings must be isolated for each data line in the nonvolatile 
Semiconductor memory according to the present invention. 
For, when the threshold voltage of the memory cells con 
nected to the non-Selected word lines in the memory cell 
group 11 shown in FIG. 2 is low, the non-selected word lines 
are under the ON state because the voltage is 3.3 V and the 
voltage applied to the drain terminal (drain side diffusion 
layer wiring) is Supplied to the Source side. Accordingly, 
when the Source terminal is a common terminal, the Source 
Voltage rises or an excessive drain current flows. 

0077. However, when the source wirings are merely 
isolated for each unit data line, the coupling capacitance of 
the Source wirings extending parallel to the data line 
becomes great, and a charge current flows through the 
memory cell having a low threshold Voltage on the non 
Selected word line to charge the isolated Source wirings. 
Since this charge current flows, hot electrons which occur in 
the memory cell are injected into the floating gate. This 
invites a rise of the threshold Voltage and inversion of data. 
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0078. As shown in FIG. 2, therefore, this embodiment 
not only isolates the Source wiringS 14 in data line unit but 
also Sections the word lines into groupS 11 each including in 
(n=16 to 28) word lines as shown in FIG. 2. In this way, the 
Source diffusion wiring layer of each group is connected to 
the common Source line through the Selection transistor 
while the drain diffusion wiring layer is connected to the 
respective data lines to lower the capacitance on the Source 
wiring line, to reduce the quantity of the charge current 
flowing through the memory cell having a low threshold 
Voltage and to prevent inversion of data. 
0079. This embodiment represents the case where the 
design range of the threshold Voltage of the memory cell 
under the thermal equilibrium condition is expanded. When 
the threshold voltage under the thermal equilibrium condi 
tion is optimized, however, the data can be held even when 
the Voltage of the non-Selected word line is 0 V. Accordingly, 
isolation of the Source terminals becomes unnecessary and 
the select transistor connected to SS1 can be eliminated. 

0080. In the read operation, SD1 and SS1 for the select 
transistors 15 and 16 are set to at least 3.3 V in order to 
activate the block 1 containing W12. As to the word lines 
inside the selected block, 3.3 V is applied to W12 and 0 V 
is set to all the other word lines. A predetermined read 
voltage is applied to the data line. When the threshold 
Voltage of the object memory cell is low in this case, the 
Voltage of the data line drops, and when the former is high, 
the threshold Voltage can be kept at a predetermined Voltage. 
Accordingly, the memory cell data can be judged by reading 
out this voltage difference into the latch circuit 33 in the 
sense/latch circuit 39. 

0081. The planar structure as well as the sectional struc 
ture of this embodiment will be explained with reference to 
FIGS. 4 to 6. 

0082. As shown in FIG. 4, a device isolation region 42 
is defined in the direction of the data line 41 and the metal 
wiring 41 constituting this data line 41 is connected to the 
drain diffusion layer 44 of the select transistor through the 
contact hole 43. The drain diffusion layer 44 is connected to 
the drain diffusion layer inside the memory cell block 
through the gate 45 of the select transistor. The transistor 
region of the memory cell is the one where a region 46 
(region outside the region encompassed by a frame) defining 
the first layer floating gate crosses a region 47 defining the 
word region 47. The floating gate of the memory cell has a 
two-layered Structure, and the Second layer floating gate is 
defined by a region 48. The portion between the region 46 
and the device isolation region 42 is the diffusion layer 
wiring region, and the diffusion layer region on the Source 
Side is So formed as to oppose the diffusion layer region on 
the drain Side. The diffusion layer region on the Source side 
is connected to a common Source region 50 through the gate 
49 of the select transistor. 

0.083 FIG. 5 is a structural sectional view taken along a 
line A-A of the plan view of FIG. 4, and FIG. 6 is a 
Structural Sectional view taken along a line B-B'. Each 
memory cell region is isolated by a device isolation region 
51 formed by a LOCOS (Local oxidation of Silicon) oxide 
film. The floating gate has a two-layered Structure So as to 
improve a capacitance coupling value of the floating gate 
electrode and the word line and to lower the program/erase 
Voltage. Accordingly, where simplification of the proceSS is 
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important, the floating gate 56 need not always be formed. 
The memory cell according to this embodiment is formed on 
the p type Silicon Substrate, but it can be formed on ap type 
well region formed on the p type Silicon Substrate by the 
CMOS process, or on a p type well region on an in type 
Silicon Substrate. The word lines are equidistantly formed in 
the section parallel to the data lines (FIG. 6) with a 
minimum proceSS size, and the first and Second floating 
gates 54, 56, the intermediate insulating film 57 and the 
control gate 58 Serving as the word line together form a 
laminate Structure. The word lines are isolated from one 
another by a p type impurity region 76 which is introduced 
by ion implantation. 
0084. In this embodiment, one bit can be formed in a 
length of about three times the minimum process Size in the 
plane A-A parallel to the word lines and in a length about 
twice in the plane B-B'. In other words, the memory cell area 
of about 0.74 square microns can be obtained under the 
minimum process accuracy of 0.35 microns. 
0085. The description given above explains the funda 
mental operations of erase, programming and read of data 
inside the blocks of the nonvolatile Semiconductor memory 
device, and the operations of the nonvolatile Semiconductor 
memory device using these functions will be explained with 
reference to FIGS. 20 to 27. 

0.086 FIG. 20 shows in detail a block structure of a 
Semiconductor chip 81 including the nonvolatile Semicon 
ductor memory device shown in FIG. 3, the peripheral 
circuits connected to the former and means for controlling 
them. A memory array portion 31, a Sense circuit 39 and a 
decoder 34 are divided into eight Segments, for example, in 
accordance with the degree of parallelism of an input/output 
circuit 76, and are electrically connected with the outside of 
the chip 81 through an input/output circuit 76. 
0087. In the memory array portion 31, 512-byte memory 
cells are connected to one word line. AS already described, 
Since data is mainly handled in a 512-byte unit in the 
existing fixed memory devices, the 512-byte memory cells 
are connected to one word line but needless to Say, the 
number of the memory cells on the word line can be changed 
appropriately in accordance with the intended application of 
the nonvolatile Semiconductor memory device. 
0088 Reference numeral 11 denotes a cell group which is 
similar to the cell group shown in FIG. 2 and typifies one of 
the cell groups contained in the cell block handled by one 
decoder 35. Though not shown in FIG. 2, select transistors 
similar to the select transistors 15, 16, 19, 20 shown in FIG. 
20 are disposed between the cell groups belonging to the 
adjacent cell blocks. A memory cell having (512 bytes-- 
redundancy bits) can be connected to each input/output 
circuit in consideration of memory cells for redundancy. The 
address signal is stored in an address buffer/latch 77 and is 
transmitted to at least decoders 35, 36, and one of the word 
lines is Selected. 

0089 An input address signal A is transmitted to the 
decoders 35, 36 in the random access operation whereas in 
the Serial acceSS operation, it is transmitted to the decoders 
35, 36 a serial clock SC is inputted to a block buffer 78 and 
an internal address Signal generated by an address counter 
79 is transmitted to the decoder 34. 

0090 FIG. 21 shows a timing chart for basic input data 
at the time of data erase/program, i.e., data re-write. When 
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a chip is Selected and after external instructions Such as read, 
erase/program, etc., are accepted, each operation is carried 
out. Hereinafter, an example of an erase/program (re-write) 
operation executed under the control of the internal control 
ler CTRL on the basis of the external control signal C will 
be described, but other operations Such as data erase, pro 
gramming, etc., can of course be executed Similarly. Various 
Signals associated with erase/program (re-write) are gener 
ally inputted at the time of erase/program, but those which 
are not directly relevant to the gist of the present invention 
will be omitted. 

0.091 First of all, the chip is selected, the erase/program 
instruction (C) is inputted, and the address signal A is further 
inputted (I). The erase word line is selected in accordance 
with the input address Signal A and erase is effected in the 
manner described above. In other words, a high Voltage of 
about 12 V is applied to the selected word line from a high 
voltage generator 37 and the 512-byte memory cells on the 
word line are collectively or simultaneously erased. To 
confirm that the memory cells on the word line are under the 
erase State, a Voltage of 5 V, for example, is applied to the 
word line while a voltage of about 1 V is applied to the data 
line and a threshold Voltage is judged for verification. The 
operation is again executed until all the bits on the Selected 
word line are erased (II). Next, the data is serially inputted 
in a 512-byte length from the I/O terminal. The input data is 
Sequentially Stored in the data latch 33 inside the Sense 
circuit 39 in synchronism with the serial clock SC (III). 
Since the data input is transferred in an interval of 50 to 100 
ns, the time t3 required for the data input (III) is at most 100 
us. After this data transfer is completed, the data write (IV) 
is effected. A voltage of -7 V is applied to one word line 
corresponding to the Selected address from a negative Volt 
age generator 38, 3.3 V or 0 V is applied to the data line in 
accordance with the data stored in the latch circuit 33 
corresponding to each bit in the Sense circuit 39. Program 
ming (ta1) and programming verify (ta2) are executed as 
described above and the programming operation is com 
pleted. 

0092. Thus, the data erase/program operation in the 
described embodiments no longer needs a light (weak) 
programming operation called “a pre-write' which is con 
ventionally effected prior to an erasing operation. 

0093. As already described, erase is effected by tunnel 
injection through the gate oxide film. Accordingly, the high 
Voltage generator 37 increases the Voltage to be applied for 
erase, and the threshold Voltage of the memory cell after 
erase can be set to a Sufficiently high level. In this case, 
Verify of the erase State of the memory cell after erase 
becomes unnecessary as shown in FIG. 22 and the verify 
process can be omitted. Since the data latch 33 that has been 
occupied for reading memory cell data for the verify proceSS 
after erase can be released, the transfer of the erase/program 
data can be made after the address input. In other words, the 
operation shifts to the data input (III) after the address input 
(I) as shown in FIG. 23, and the 512 bytes can be serially 
inputted. Accordingly, the process from the address input to 
the data input can be executed continuously without the 
necessity for waiting for the erase time, and the occupying 
time of the external I/O can be reduced. 

0094) In FIG. 22, on the other hand, the data input (III) 
is effected between the I/O terminal and the data latch 33 and 
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erase (II) is effected for at least one of the word lines in the 
memory array 32. Accordingly, the data input (III) and the 
erase (II) can be effected Simultaneously, too, under the 
control of the internal controller CTRL, as shown in FIG. 
24. 

0095. As illustrated in this embodiment, data erase and 
data write can be effected for each word line and in conse 
quence, parity can be established between the erase unit and 
the programming unit and this can be used as a Sector. In the 
conventional NOR type flash memory, the erase unit is 
greater than the programming unit. To erase/program the 
data, therefore, the data of the erase region must once be 
Saved in the external buffer region. In this embodiment, in 
contrast, Since the erase unit and the programming unit 
coincide with each other, the data Save operation is not 
necessary. As a result, erase/program for one word line can 
be made by a Single address input and a Single Serial data 
transfer, and the erase/program operation can be executed by 
one instruction. 

0096. The erase/program operation shown in FIG. 23 can 
be processed in parallel by converting the memory array 
portion 31 shown in FIG.20 into a two-array block structure 
as shown in FIG. 20 and by adding an address latch 83 as 
shown in FIG. 25. This can be accomplished because the 
memory array portion 31 is divided into the array blocks and 
because the erase unit and the programming unit coincide 
with each other. However, in view of continuity of a 
plurality of Serial data, the address of the continuous Sector 
has a parity bit or a memory array block Select bit to gain an 
access to mutually different array blocks in a file allocation 
table for managing a file System using the memory chip 81 
of the embodiment. 

0097 FIG. 26 shows the timing chart of this embodi 
ment. The address signal A is inputted (I) and is stored (R1) 
in the address buffer/latch 82. The address buffer?latch 82 is 
used for erase, and erase is effected for one of the word lines 
in the array block 84, for example (II). After this erase is 
completed, the address in the address buffer/latch 82 is 
transferred to the address latch 83, and the data input (III) is 
executed. The next address signal A is inputted (I) in the 
data input (III) and is stored (R1) in the address buffer/latch 
82. After the data input (III), the data in the data latch 33 is 
written (IV) to the address stored in the address latch 83, that 
is, one word line in the array block 84 erased as described 
above. Here, the erase operation (II) for one word line in the 
array block 85 is executed Simultaneously in accordance 
with the address buffer/latch 82. 

0098. According to the array block structure of the con 
ventional NOR type flash memory, the memory cells are 
directly connected to one data line. Therefore, erase and 
programming cannot be executed Simultaneously by merely 
dividing the memory array portion into the array blockS. In 
contrast, according to this embodiment, the memory cell is 
indirectly connected to the data line through the Select 
transistors 15, 16 (FIG. 2). Therefore, when the data is 
written into the memory cell in the array block 84 and, at the 
Same time, the data of the memory cells in the array block 
85 is simultaneously erased, the Select transistors on the data 
line side corresponding to the selected cell block 80 are 
turned ON so as to transfer the voltage of the data line to the 
Sub-data line and to effect programming into the array block 
84. Moreover, the select transistors on the data like side 



US 2001/0040822 A1 

corresponding to the selected cell block 80 are turned OFF 
So as to bring the Sub-data line into the open State and the 
Select transistors on the Source line Side into the ON State, 
and the ground to the Sub-Source line, for effecting erase in 
the array block 85. As described above, erase in the word 
line unit is possible and the memory cells are isolated by 
Selected transistors in this embodiment. Accordingly, when 
the memory array 31 is divided into the array blocks, erase 
and programming can be simultaneously executed inside the 
chip. Furthermore, Since the data write time and the data 
erase time are about 1 um and are equal to each other as 
already described, no overhead of time exists when the data 
programming operation and the data erase operation are 
executed Simultaneously. When programming and erase are 
processed in parallel, the erase/program time as viewed from 
outside the chip can be reduced to about 50%. 
0099. The second embodiment of the present invention 
will be explained with reference to FIGS. 8 and 9. 
0100 FIG. 8 is a plan view of the memory block. As 
demonstrated by the operation of the first embodiment of the 
present invention, the data can be held at the Voltage of 0 V 
of the non-selected word lines when the threshold voltage 
under the thermal equilibrium condition is optimized, So that 
isolation of the Source terminals becomes unnecessary and 
the Select transistors connected to the Source terminal side 
can be omitted. The plan view of FIG. 8 illustrates a planar 
pattern when the Source terminal of the memory cells is used 
in common. In other words, the transistor region of the 
memory cell defined by the region, where the region 46 
defining the first layer floating gate (the region outside the 
frame) crosses the region 47 defining the word lines is in 
contact with the transistor region of an adjacent memory cell 
without the LOCOS region. FIG. 9 shows the sectional 
structure taken along the line A-A of FIG. 8. By the way, 
the sectional structure in the B-B' plane of FIG. 8 is the same 
as that of FIG. 6. The source region 63 is used in common 
by the two memory cells on the word line 58, and the drain 
diffusion layer 61 is formed independently and individually 
for each memory cell. In this way, the length of the memory 
cell in the direction of the word line can be reduced, and the 
memory cell area can be further reduced. Incidentally, the 
operation of this memory cell structure is shown in Table 2 
of FIG. 19. 

0101 FIG. 10 shows the third embodiment of the present 
invention. This embodiment uses a deposited oxide film 71 
on the side wall and a thermal oxide film 72 formed by a 
thermal oxidation process and a film thickness of 50 to 300 
nm as the insulating film to be formed on the Side Surface of 
the floating gate 54 of the first embodiment. A silicon 
dioxide film or a silicon nitride film, that is formed by a 
CVD process, can be used as the deposited oxide film 71 on 
the side wall. However, the silicon dioxide film is preferably 
used in order to improve program/erase reliability of the 
memory cell. According to this structure, the impurity 
diffusion layer 63 as the diffusion wiring layer can be formed 
easily by an ion implantation process using the first floating 
gate 54 and the deposited oxide film 71 on the side wall as 
the mask. As shown in FIG. 11, the thermal oxide film 72, 
the silicon dioxide film 73 and the silicon nitride film 74 can 
be used as the insulating film 55 shown in FIG. 5. This 
embodiment Suppresses invasion of a birds beak immedi 
ately below the floating gate that proves the problem when 
the silicon nitride film 74 is formed as the base of the silicon 
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dioxide film 73 and between this silicon dioxide film 73 and 
the first floating gate 54 and the thermal oxide film 72 is 
formed by the thermal oxidation process. 
0102) This embodiment makes it easy to form the thermal 
oxide film 72 between the floating gate 56 and the silicon 
Substrate by forming the deposited oxide film and the Silicon 
nitride film on the side surface of the floating gate 54. 
Generally, when the thermal oxide film 72 is formed in the 
vicinity of the floating gate, a birds beak region will enter the 
tunnel oxide film 53 due to the thermal oxidation process, 
and the tunnel oxide film is likely to become thick. This 
embodiment Suppresses the progreSS of the oxidation on the 
Side Surface of the floating gate by the use of the deposited 
oxide film and the Silicon nitride film, prevents the increase 
of the film thickness of the tunnel oxide film and can thus 
prevent degradation of the memory cell characteristics. 
0103 FIG. 12 shows the fourth embodiment. This 
embodiment uses a device isolation structure 75 of a shallow 
ditch for the device isolation region in the third embodiment. 
In the rule of below 0.35 microns for accomplishing a 256 
MB large capacity memory, for example, it becomes difficult 
to form a narrow device isolation region by the use of the 
silicon dioxide film formed by the thermal oxidation pro 
ceSS. Particularly in the case of the nonvolatile memory cell 
according to the present System, Overlap must be Secured 
between the first floating gate and the drain Side diffusion 
layer in order to obtain a Sufficient tunnel current. In other 
words, the junction depth of the drain Side in type diffusion 
layer of at least 0.1 micron must be Secured, and the depth 
of the shallow ditch region of about 0.2 microns must be 
Secured. 

0104 FIG. 13 shows the fifth embodiment. Whereas the 
floating gate has the two-layered Structure in the fourth 
embodiment, it is formed only by the first level floating gate 
54 in this embodiment. For this reason, the intermediate 
insulating film 57 is formed not only on the floating gate but 
also on the deposited oxide film 71 formed on the side 
surface of the floating gate 54. In this embodiment, the 
capacity of the floating gate 54 and that of the control gate 
58 are Small. Therefore, the control gate Voltage necessary 
for program/erase must be set to a high level or the program/ 
erase time must be prolonged. However, Since the floating 
gate has the Single level Structure, the memory cell fabrica 
tion proceSS is simplified, and an economical nonvolatile 
Semiconductor memory for the application of external 
memories not requiring high Speed performance can be 
provided. 

0105 FIG. 14 shows the sixth embodiment. In the third 
embodiment, the thermal oxide film 72 is formed by using 
the deposited oxide film 71 as an oxidation-resistant film as 
shown in FIG. 10, but this embodiment forms the thermal 
oxide film 72 without forming the deposited oxide film 71. 
Accordingly, the formation Step of the deposited oxide film 
can be omitted, and the number of the process Steps can be 
reduced. 

0106 FIG. 15 shows the seventh embodiment In the 
Sixth embodiment, the floating gate electrode has the two 
layered Structure of the first floating gate 54 and the Second 
floating gate 56 as shown in FIG. 14, but the floating gate 
electrode in this embodiment has a single layer Structure of 
the Second level floating gate alone. This can be accom 
plished by first forming the thermal oxide film 72 and then 
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forming the floating gate electrode 56. Since this embodi 
ment can accomplish the Single layer Structure of the floating 
gate, too, it can Simplify the fabrication process. 
0107 FIG. 16 shows the eighth embodiment. In the first 
embodiment, the p type diffusion layer region 64 for the 
channel Stopper is formed on the Source terminal Side as 
shown in FIG. 5, but in this embodiment, the p type 
diffusion layer regions are formed on both sides of the 
Source and drain terminals by an angular ion implantation 
process, for example. In this way, the proceSS can be 
Simplified. 
0108) A low voltage single power source drive type high 
Speed large capacity nonvolatile Semiconductor memory can 
now be fabricated according to the memory cell Structure of 
the present invention Such as the Sector Structure using 512 
bytes as a basic unit, a block Structure for reducing the area 
of the contract hole by putting together 32 to 128 word lines, 
and further by the modification of program/erase System. A 
data memory of a card type can be produced using this 
nonvolatile Semiconductor memory, and can be used as an 
external Storage for a work Station or as a storage of an 
electronic Still camera. Since the word line is Segmented for 
each Sector as illustrated in the first embodiment, the data 
erase unit can be set in an arbitrary Scale, and a part of the 
memory can be assorted to the program region of the System 
with the rest being Secured as the data region. 
0109 FIG. 17 is a graph showing dependence of current 
drivability on the number of times of program/erase. This 
graph comparatively shows the case where programming is 
made by hot carriers according to the prior art, the case 
where programming is made by applying a positive Voltage 
to the word line and utilizing the tunneling mechanism, and 
the case where programming is made by applying a negative 
Voltage to the word line and utilizing the tunneling mecha 
nism in accordance with the present invention. It can be 
understood clearly from the graph that when programming 
is made by applying the negative Voltage to the word line 
and utilizing the tunneling mechanism according to the 
present invention, the drop B of current drivability can be 
suppressed The detailed description of the hot carriers will 
be omitted. However, when programming is effected by 
applying the positive Voltage to the data line and utilizing the 
tunneling mechanism, that is, when programming is effected 
by grounding the control gate and applying the positive 
Voltage V to the drain diffusion layer, the hole among the 
electron-hole pair occurring at the drain terminal is injected 
into the gate oxide film in accordance with the direction of 
the electric field. When the number of times of program/ 
erase is Small, the injection quantity of the holes is Small and 
degradation occurs only at the drain terminal, So that the 
drop f of the memory cell does not occur. When the number 
of times of program/erase increases. However, the injection 
quantity of the holes increases and degradation expands 
from the drain terminal near to the Source. In consequence, 
B of the memory cell drops. When programming is effected 
by applying the negative Voltage to the word line and 
utilizing the tunneling mechanism according to the present 
invention, however, the electron-hole pair occurring at the 
drain terminal can be Suppressed by Setting the drain Voltage 
to a positive Voltage of about 3.3 V, for example, and thus 
the drop B of the memory cell can be prevented. 
0110 FIG. 27 shows an embodiment of an effective 
memory System structure using the nonvolatile Semiconduc 
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tor device FMC including the flash memory chips CH1 to 
CHk according to the present invention. Each of these flash 
memory chips CH1 to CHk can take the same structure as 
that of the chip 81 shown in FIGS. 20 to 25. Each of the 
chips CH1 to CHk includes a plurality of sectors each 
comprising one word line and a plurality of memory cells 
connected to this word line, and includes further a Sector 
buffer memory disposed between the outside of the chip and 
the data bus (corresponding to the Sense latch circuit 30 
shown in FIGS. 20 and 25). The memory chips CH1 to CHk 
are connected in parallel with one another and constitute the 
nonvolatile semiconductor device FMC. The number of 
these memory chips CH1 to CHk may be from 8 to 20, for 
example. The input data is Supplied through a data bus 
transceiver 101 and through an external System buS Such as 
PCMCIA (Personal Computer Memory Card International 
Association) standard, IDE (Intelligent Device Electronics) 
standard, I/O buses of CPU, and so forth. The memory 
system includes an address decoder 103 for selecting the 
memory chips, and address bus driver 102 for the address 
input for Selecting the Sectors inside the chip and a control 
bus controller 104 for address decoding, data control and 
chip control. The data bus transceiver 101, the address bus 
driver 102, the address decoder 103 and the control bus 
controller 104 together constitute a host interface 100. 
0111. In FIG. 27, the external system bus is to be released 
from a busy State once an external address signal has been 
transferred to the address bus driver 102 and an address 
decoder 103, the address bus driver 102 and address decoder 
103 have a structure for performing function of latching 
their outputs So that internal address Signals are latched 
therein. This also applies to the later described embodiment 
with reference to FIG. 29. 

0112 In the conventional memory system, the sizes of 
erase and programming of the chip are different. Therefore, 
it has been necessary to temporarily save (Store) the data of 
the memory chip to be erased into a buffer memory disposed 
outside the chip before erase, to erase/program (i.e., to 
re-write)the content of the buffer memory by inputting the 
write data, and then to Sequentially write back the data 
within the erased range into the chip in a certain write unit. 
0113. According to the memory system shown in the 
drawing, a memory card System corresponding to the data 
bus such as PCMCIA, etc., can be constituted, but when the 
non-volatile semiconductor device FMC according to the 
present invention is employed, the temporary data Save 
operation, which has been necessary at the time of erase/ 
program of the data in the conventional memory System, is 
no longer necessary because the Size of the Sector buffer 
memory disposed inside the chip is at least the same as the 
Size of erase/programming. In other words, the buffer 
memory which has been necessary in the conventional 
memory card System can be omitted. Since the temporary 
Save operation is not necessary, erase and programming can 
be effected continuously. For example, the time necessary 
for erasing/programming the data having the unit memory 
region capacity for erase of 4K bytes and the quantity of data 
to be erased/programming of 512 bytes has been (erase 1 
ms+write 1 mS/512 bytesx8) and has been 9 ms. In the 
memory System using the non-volatile Semiconductor 
device FMC according the present invention, the time is 
(erase 1 ms+write 1 ms) and is reduced to 2 ms. When 
4K-byte data is erased/programmed, the time of 9 mS is 
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necessary according to the conventional Structure by the 
Same calculation. In the memory System according to this 
embodiment, however, a plurality of word lines (a plurality 
of Sectors) are simultaneously selected and erased and 
consequently, the necessary time is (erase 1 mS+write 1 
mS/512 bytesx8), i.e.9 ms, and this value is approximate to 
the time necessary in the conventional Structure. 
0114 FIG. 28 shows the structure of another effective 
memory system. In this embodiment, the host interface 100 
is changed to a microprocessor 200. Since the size of the 
Sector buffer memory disposed inside the chip in this struc 
ture is at least the same as the size of erase programming, it 
is necessary only to transfer the data from the System bus to 
the Sector buffer memory inside the chip, and control can be 
easily by a one-chip microcomputer. According to this 
Structure, the number of components on a card can be 
reduced when this System is expanded on the card. 
0115 FIG. 29 shows a structural example of the memory 
System equipped with an external buffer memory as well as 
a memory chip similar to the memory chip FMC shown in 
FIG. 27 is used. A buffer memory 110 of at least 512 bytes 
is provided to the data bus shown in FIG. 27 so that control 
from the control bus controller 104 can be made. As 
described above, the conventional structure needs a buffer 
memory of at least 4K bytes for erasing/programming data 
by Saving the data of the erase unit memory region inclusive 
of the data erase/program area, and the buffer memory is 
occupied by the program/erase data during erasing/program 
ming. According to this embodiment, the 4K byte buffer 
memory 110, for example, is prepared not for preserving 
(Saving) the write data but for “pre-reading the data. In 
other words, while data erase/program is effected for a 
certain chip, the next data to be erased/programmed is 
transferred (or pre-read) from the external System bus to the 
memory System. Accordingly, the capacity of the buffer 
memory 110 needs by only 512 bytes which are the mini 
mum necessary bytes for Sector program/erase, and a large 
Scale memory chip is not necessary. Namely, the capacity of 
the buffer memory 110 may be an integer times 512 bytes. 
Alternately, it is possible to provide an area for pre-reading 
the data in an area of the conventional buffer memory, and 
to use the buffer memory as a buffer memory which is used 
for both data reading and programming operations. 

0116. Since the address bus driver 102 and address 
decoder 103 shown in FIG. 29 serve to pre-read and store 
therein address signals for data to be continuously or Suc 
cessively erased/programmed, they latch a next or Succeed 
ing address Signal So that an erase/program operation with 
the next or Succeeding address signal is started upon 
completion of an erase/program operation with a current 
address signal. Thus, by making larger the Storage capacity 
for the pre-reading of address Signals, the number of times 
of the continuously Successive erase/program operations can 
be made larger and the time during which the external 
System bus is released from a busy State can be made longer. 
0117 The above-mentioned operations are performed 
under control of the control bus controller 104 which, in 
response to a control Signal from the external System bus, 
controls the data transceiver 101, address driver 102 and 
address decoder 103 and the memory chips CH1 to CHk. 
0118 AS has already been described above, provision of 
the buffer memory 110 in this embodiment makes it possible 
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to pre-read data to be programmed (namely, to continuously 
or Successively program the memory chips) owing to the 
Successive transference of address signals and data and the 
latch-storage operation, during which the external System 
buS is advantageously released from a busy State to be 
available for another task. 

0119). In the memory system including a plurality of 
memory chips according to the present embodiment, 
although each individual memory chip may not be able to go 
on to the next Step of operation until an erase/program 
operation with data supplied from the 512 byte sector buffer 
memory is completed, even if one chip is under an erase/ 
program operation, it is still possible to perform another 
erase/program operation with respect to another chip Simul 
taneously with the first-mentioned chip, namely, a parallel 
erase/program operation is possible, which will result in a 
considerable increase of an erase/program operation Speed 
of the Overall memory System to advantage. 
0120) The description given above illustrates the struc 
tures of the System using the nonvolatile Semiconductor 
device (flash memory chip) according to the present inven 
tion. In the file applications in general, erase/program using 
512 bytes as one Sector is executed. Therefore, the erase/ 
program time using the System structure of the present 
invention can be made shorter than the conventional Struc 
tures. The program data for one Sector necessary for erase/ 
program (re-write) of the data can be saved in the chip, and 
erase/program can be executed without adding the buffer 
memory for this purpose to the System. Accordingly, the 
occupying area as well as the cost can be reduced. Inciden 
tally, if the capacity of the buffer memory is 4 KB for the 
memory having the erase size of 4 KB in the conventional 
Structure, pre-read cannot of course be made because all the 
buffer memories are used for temporary Storage of the data. 
0121. In the nonvolatile semiconductor memory having 
the electric programmable/erasable function, the present 
invention effects both of the programming and erasing 
functions by utilizing the tunneling mechanism between the 
floating gate electrode and the diffusion layer of each of the 
drain/Source/Substrate. Accordingly, power consumption 
can be limited to about 10 nA per bit in both of the 
programming and erasing operations. In other words, a 
Voltage booster having Small current drivability can be used, 
and a Voltage booster necessary for generating a high 
Voltage required for programming and erasing and a Voltage 
reducer can be formed inside the chip. Accordingly, pro 
gram/erase/read by a single 3.3 V power Source can be 
attained using a high Speed nonvolatile Semiconductor 
memory. 

0.122 Further, all the memory cells connected to one 
word line can be erased at the time of erase by applying a 
high voltage (12 V) to only one of the word lines and 
grounding all the other word lines. Accordingly, when a 
plurality of memory cells are connected in parallel with one 
word line, a plurality of memory cells can be erased Simul 
taneously (Sector erase) by defining Such a word line as one 
Sector. The memory cells on a plurality of word lines can be 
collectively erased by Selecting a plurality of word lines. 
0123. In the programming operation, the data can be 
written Simultaneously into a plurality of memory cells on 
one word line using the latch circuit as described above. For 
this reason, programming in the Sector unit can be made by 
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defining one word line as one Sector in the same way as in 
the case of erase. In other words, Since the erase unit and the 
programming unit can be made identical with each other, the 
operations Such as Save of data, etc., become unnecessary at 
the time of erase/program of the data. 
0.124. In the programming operation, when the threshold 
Voltage of the memory cell reaches a predetermined low 
threshold voltage, the voltage of the latch circuit 33 becomes 
0V. In the Subsequent programming operation, therefore, the 
voltage of the drain diffusion layer 7 becomes 0 V and the 
tunneling mechanism of the electrons does not occur. 
Accordingly, even when a large number of bits are Simul 
taneously programmed, variance of the low threshold Volt 
age can be Suppressed. 
0.125 The select word line is set to the voltage V and 
the non-Selected word lines are grounded. Therefore, the 
memory cells under the programming condition are turned 
ON and the current flows, but the memory cells out of the 
programming condition are turned OFF and the current does 
not flow. For this reason, the ON/OFF state of the memory 
cells can be obtained by observing the current or Voltage 
flowing through the data line by the use of the Sense 
amplifier connected to the data line. 
0.126 AS described above, the programming and erasing 
operations can be accomplished by the tunneling mechanism 
between the diffusion layer and the floating gate inside the 
channel region of the memory cell. Accordingly, the area of 
the tunnel region can be reduced, and the memory cell area 
can be further miniaturized. In other words, the cell area 
equal to, or smaller than, that of the conventional NOR type 
flash memory cell can be accomplished. 
0127. The negative voltage is used for the word line at the 
time of programming of data and the drain Voltage at this 
time can be reduced near to the power Source Voltage (3.3 V, 
for example). Accordingly, peripheral circuits on the data 
line Side Such as the decoder System need not have a high 
withstand Voltage, So that the area of the peripheral circuits 
can be reduced. Furthermore, the occurrence of the electron 
hole pairs at the drain terminal at the time of data program/ 
erase as well as the degradation of the gate oxide film at the 
channel portion can be prevented, and the drop of current 
drivability can be prevented even after the number of times 
of program/erase of 10 times. Since the disturbance pre 
vention Voltage to be applied to the non-Selected word lines 
at the time of programming can be set to 3.3 V as the high 
Voltage Side power Source, the booster power Source need 
not be employed, and the write time can therefore be 
reduced. 

0128. Furthermore, one contact hole region is formed for 
a group comprising a plurality (16 to 128) of memory cells 
as one unit, the occupying area of the contact holes in the 
memory cell array can be reduced and further miniaturiza 
tion of the memory cells becomes possible, So that a large 
capacity nonvolatile memory such as a 64 M or 256 M 
memory can be accomplished. 
0129. The large-scale nonvolatile semiconductor 
memory chip fabricated in accordance with the present 
invention makes it possible to accomplish a large capacity 
file System and a file card used for Small portable appliances, 
to constitute a data preservation file System for an electronic 
Still camera for processing large quantities of image data, 
and further to produce a card type portable recoder/repro 
ducer for high quality music. 
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0.130. The technology described above makes it now 
possible to employ the circuit scheme shown in FIG. 2. 
Accordingly, a 64 M or 256 M large capacity nonvolatile 
memory can now be accomplished by reducing the numbers 
of contact holes and reducing the effective memory cell area 
in addition to the use of the miniaturized memory cells. 

What is claimed is: 
1. A nonvolatile memory System comprising: 
a plurality of nonvolatile memory devices, 
a buffer memory; and 
a circuit, 

wherein Said buffer memory is coupled to Said circuit and 
is enabled to receive data from outside of Said non 
Volatile memory System via Said circuit, 

wherein each of Said nonvolatile memory devices is 
coupled to Said buffer memory and is enabled to Store 
Said data received therefrom in a programming opera 
tion, 

wherein said buffer memory is enabled to receive data 
from outside of Said nonvolatile memory System, while 
one of Said nonvolatile memory devices is in Said 
programming operation, and 

wherein Said buffer memory has a data Storing capacity 
enabling the receiving of a unit of data of a length equal 
to the data length of Said data to be Stored at one time 
of Said programming operation. 

2. A nonvolatile memory System according to claim 1, 
wherein another one of Said nonvolatile memory devices 

is devices is enabled to receive Said data received by 
Said buffer memory and to Start Storing the received 
data, while Said one of Said nonvolatile memory 
devices is in Said programming operation. 

3. A nonvolatile memory System according to claim 2, 

wherein each of Said nonvolatile memory devices com 
prises a plurality of nonvolatile memory cells, a plu 
rality of word lines and a plurality of data lines, 

wherein each of Said nonvolatile memory cells is arranged 
at a crossing point of a corresponding one of Said word 
lines and a corresponding one of Said data lines, with 
respect to a plan view of a principal Surface of that 
device, 

wherein each of Said word lines is coupled to correspond 
ing ones of Said plurality of nonvolatile memory cells, 

wherein each of Said data lines is coupled to correspond 
ing ones of Said plurality of nonvolatile memory cells, 
and 

wherein Said buffer memory has a storing capacity to 
receive individual data of a length equal to a data length 
corresponding to an individual word line of nonvolatile 
memory cells. 

4. A nonvolatile memory System according to claim 3, 

wherein each of Said nonvolatile memory devices 
includes a plurality of Sectors each comprising one 
word line and each of the memory cells coupled 
thereto. 
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5. A nonvolatile memory System according to claim 4, 
wherein each of Said nonvolatile memory devices is a 

flash memory chip. 
6. A nonvolatile memory System according to claim 4, 
wherein Said buffer memory has a data Storing capacity 

which is an integer multiple of the data Storing capacity 
of an individual one of Said Sectors. 

7. A nonvolatile memory System according to claim 6, 
wherein each of Said nonvolatile memory devices is a 

flash memory chip. 
8. A nonvolatile memory System according to claim 1, 
wherein each of Said nonvolatile memory devices com 

prises a plurality of nonvolatile memory cells, a plu 
rality of word lines and a plurality of data lines, 

wherein each of Said nonvolatile memory cells is arranged 
at a crossing point of a corresponding one of Said word 
lines and a corresponding one of Said data lines, with 
respect to a plan view of a principal Surface of that 
device, 

wherein each of Said word lines is coupled to correspond 
ing ones of Said plurality of nonvolatile memory cells, 

wherein each of Said data lines is coupled to correspond 
ing ones of Said plurality of nonvolatile memory cells, 
and 

wherein Said buffer memory has a storing capacity to 
receive individual data of a length equal to a data length 
corresponding to an individual word line of nonvolatile 
memory cells. 

9. A nonvolatile memory System according to claim 8, 
wherein each of Said nonvolatile memory devices 

includes a plurality of Sectors each comprising one 
word line and each of the memory cells coupled 
thereto. 

10. A nonvolatile memory System according to claim 9, 
wherein Said buffer memory has a data Storing capacity 

equal to the data Storing capacity of an individual one 
of Said Sectors. 

11. A nonvolatile memory System according to claim 10, 
wherein each of Said nonvolatile memory devices is a 

flash memory chip. 
12. A nonvolatile memory System according to claim 1, 
wherein Said circuit includes a host interface comprised of 

a data buS transceiver, an address bus driver, an address 
decoder and a control bus controller, to enable com 
munication between the nonvolatile memory devices 
and an external System bus. 

13. A nonvolatile memory System comprising: 
a plurality of nonvolatile memory chips, and 
an interface circuit coupled to Said nonvolatile memory 

chips, 
wherein each of Said nonvolatile memory chips has a 

plurality of nonvolatile memory cells, a plurality of 
word lines and a plurality of data lines, 

wherein each of Said nonvolatile memory cells is arranged 
at a crossing point of a corresponding one of Said word 
lines and a corresponding one of Said data lines, with 
respect to a plan View of a principal Surface of that chip, 
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wherein each of Said nonvolatile memory chips is enabled 
to receive data and Store data in ones of Said nonvolatile 
memory cells connected to one of Said word lines in a 
data write operation, and 

wherein Said nonvolatile memory System is enabled to 
receive new data from outside of the System via Said 
interface circuit before one of Said nonvolatile memory 
chips completes the Storing of previously received data 
to ones of Said nonvolatile memory cells thereof in Said 
data write operation. 

14. A nonvolatile memory System according to claim 13, 

wherein another one of Said nonvolatile memory chips is 
enabled to be Supplied Said new data and Start Storing 
Said new data to ones of Said nonvolatile memory cells 
in Said another one of Said nonvolatile memory chips, 
before Said one of Said nonvolatile memory devices 
completes the Storing of Said previously received data 
in Said data write operation. 

15. A nonvolatile memory System according to claim 14, 

wherein each of Said nonvolatile memory chips further 
comprises a buffer memory, 

wherein said buffer memory is enabled to receive data 
from Said interface circuit and Supply said data to Said 
ones of Said nonvolatile memory cells, and 

wherein Said buffer memory has a data Storing capacity 
equal to a data length of Storable data corresponding to 
Said ones of Said nonvolatile memory cells at one time 
of Said data write operation. 

16. A nonvolatile memory System according to claim 15, 

wherein Said nonvolatile memory cells, Said word lines 
and Said data lines are disposed as a plurality of Sectors, 
each Sector comprising one word line and each of the 
memory cells corresponding thereto, and 

wherein each Said buffer memory has a data Storing 
capacity equal to the data Storing capacity of an indi 
vidual one of Said Sectors. 

17. A nonvolatile memory System according to claim 16, 
wherein each of Said nonvolatile memory chips is a flash 
memory chip. 

18. A nonvolatile memory System according to claim 16, 
wherein Said interface circuit includes a host interface to 

enable communication between the nonvolatile 
memory chipS and an external System buS. 

19. A nonvolatile memory System according to claim 18, 

wherein each of Said nonvolatile memory chips is a flash 
memory chip. 

20. A nonvolatile memory System according to claim 16, 
wherein Said interface circuit includes a host interface 

operatively coupling Said nonvolatile memory chips to 
an external System bus and comprising a data bus 
transceiver through which input/output data is trans 
mitted between a System data bus and Said nonvolatile 
memory chips, an address decoder to Select ones of Said 
nonvolatile memory chips, an address driver to provide 
a Sector address of ones of Said nonvolatile memory 
chips, and a bus controller coupled to control address 
decoding, data control and chip control. 
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21. A nonvolatile memory System according to claim 20, nonvolatile memory chips, an address driver to provide 
a Sector address of ones of Said nonvolatile memory 
chips, and a bus controller coupled to control address 
decoding, data control and chip control. 

wherein each of Said nonvolatile memory chips is a flash 
memory chip. 

22. A nonvolatile memory System according to claim 14, 23. A nonvolatile memory System according to claim 22, 
wherein Said interface circuit includes a host interface 

operatively coupling Said nonvolatile memory chips to wherein each of Said nonvolatile memory chips is a flash 
an external System bus and comprising a data bus memory chip. 
transceiver through which input/output data is trans 
mitted between a System data bus and Said nonvolatile 
memory chips, an address decoder to Select ones of Said k . . . . 


