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(7) ABSTRACT

A nonvolatile semiconductor memory recovers variation in
the threshold of a memory cell due to disturbance related to
a word line. The nonvolatile memory continuously performs
many writing operations without carrying out single-sector
erasing after each writing operation, performing the addi-
tional writing operations quicker than the usual writing
operation, and lightening the burden imposed on software
for use in additional writing. The data stored in a designated
sector is read out before being saved in a register, and the
selected sector is subjected to single-sector erasing when a
predetermined command is given. Then write expected
value data is formed from the saved data and data to be
additionally written, completing the writing operation.
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NONVOLATILE MEMORY SYSTEM,
SEMICONDUCTOR MEMORY, AND WRITING
METHOD

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to information writ-
ing for a nonvolatile semiconductor memory, and more
particularly to a nonvolatile memory system with improved
single-sector erasing.

[0003] 2. Description of the Related Art

[0004] A flash memory, which is a kind of EEPROM
(Electrically Erasable Programmable Read Only Memory),
employs nonvolatile memory elements, such as MOSFETS,
(metal-oxide semiconductor field-effect transistors), each
having a control gate and a floating gate. The flash memory
stores information in individual memory cells, each consti-
tuted by a MOSFET according to the transistor threshold
voltage. In such a flash memory, the threshold voltage is set
low (logic “0”) during the writing operation by putting the
drain voltage of the nonvolatile memory element at, for
example, 5 V, and by putting the word line connected to the
control gate CG at, for example, —10 V as shown in FIG. 18,
so as to draw electrical charge from the floating gate FG into
the drain region. During an erasing operation, the threshold
is set high (logic “1”) by putting the well region at =5V, for
example, and the control gate CG at a voltage as high as 10
V (logic “1”) so as to inject negative charge into the floating
gate FG as shown in FIG. 19. Thus, one-bit data is stored in
one memory cell.

SUMMARY OF THE INVENTION

[0005] In a typical conventional flash memory, control
gates of a plurality of memory cells are connected to one
word line. With the plurality of memory cells connected to
the word line as a basic unit (hereinafter called a ‘sector’),
erasing, writing, and reading operations are performed in
respective operating modes. For example, the erasing opera-
tion is simultaneously performed in a plurality of memory
cells having a common word line, on a sector basis, and a
specific memory cell is not selectively erasable.

[0006] On the other hand, the conventional writing opera-
tion is performed by raising the threshold as shown in FIG.
20(a) after the sector erasing operation has been performed
once, applying —10 V to the word line connected to the
memory cell whose threshold is to be lowered, and applying
5 V to the drain. As a result, the threshold of the written
memory cell becomes lower than the verify voltage Vpv as
shown in FIG. 20(b).

[0007] Although O V is applied to the drains of memory
cells that are not written, that is, those whose thresholds are
not intended to be lowered, a voltage as great as =10 V is
applied to the gates of the other memory cells sharing the
word line with the written cell. Consequently, there occurs
a phenomenon, called a “disturbance”, in which the thresh-
old is slightly lowered for all of the memory cells connected
to the word line. Even memory cells that are not to be written
are subjected to a slight threshold voltage change (in this
instance, voltage drop), though only the threshold of a
specific memory cell to be written is desired to be varied.
This disturbance is called a “disturbance related to a word
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line”, or “word disturbance”, since it occurs when voltage is
applied mainly to the word line.

[0008] Due to the word disturbance, the writing operation
requires prior single-sector erasing, as shown with reference
to FIGS. 20(a)-20(f). When the plurality of memory cells
connected to a common word line are subjected to single-
sector erasing initially, the thresholds of the plurality of
memory cells are all put in the erased state (FIG. 20(a)).
Then, the writing operation is performed so as to put the
threshold of a specific memory cell selectively in the written
state (FIG. 20(b)). At this time, the plurality of memory cells
substantially consist of a first memory cell group whose
threshold voltage is in the erased state (shown by a dotted
line of FIG. 20(c)) and a second memory cell group whose
threshold voltage is in the written state (shown by a dotted
line of FIG. 20(d)).

[0009] Since the memory cells cannot be erased selec-
tively, only the first memory cell group remains writable.
Therefore, any one of the cells in the first memory cell group
can be selected and written. Then, when the word distur-
bance occurs, the threshold voltage of the not-written
memory cells is lowered, as shown by a solid line in FIGS.
20(¢)-20(d).

[0010] If no single-sector erasing is performed, the mul-
tiple repetition of disturbance resulting from repeated writ-
ing operations lowers the threshold of the memory cell
below a word line reading voltage level Vr at the time of
reading data, as shown in FIG. 20(¢), and causes error data
to be read out. Further, the threshold of the memory cell
becomes lower than the ground potential Vss, whereby the
memory cell is turned ON even though not selected, as
shown in FIG. 20(f). When a memory cell connected to a
different word line but to a common source line is selected,
the charge on the data line flows into the source through the
memory cell whose threshold is lower than the aforemen-
tioned ground potential Vss, with the result again that error
data may be read out.

[0011] A system of increasing the threshold of a memory
cell through the writing operation is also known, by making
the low threshold state an erased state depending on the
memory array configuration. However, a disturbance phe-
nomenon still exists in such a writing system because the
threshold of a non-written memory cell having a common
word line at the time of writing becomes slightly higher (see
FIGS. 21(c¢), 21(d)). When disturbance is repeated several
times, the threshold of the memory cell becomes higher than
the word line reading level Vr at the time of reading data as
shown in FIG. 21(e). Again, error data may be read out.

[0012] FIGS. 22(a)-22(f) show an information map of
sectors controlled by one word line. As shown in FIGS.
22(a)-22(c), a 512-byte (4096-bit) memory cell is connected
to one word line. The effective utilization of the memory can
be planned by providing within the same sector a mixture of
a storage area (hereinafter called the “system area”), which
is usually not written by general users, for storing OS
(operating system) information, sector control information
and the like, and a storage area (hereinafter called the “user
area”) to which users are allowed to write information freely.
The number of bits in the system area is far smaller than the
number of bits in the user area.

[0013] In the flash memory of such a storage system,
predetermined data is written to the system area, whereas the
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unwritten user area is offered to the user. It would be
convenient to be able to selectively write to the memory
cells in the large user area so as to permit repeated “addi-
tional” writing operations, without affecting the already-
written system area, and without first erasing the system
arca. In other words, it would be convenient for the user to
be able to write to the unwritten user area without requiring
an intermediate sector erase. However, such additional writ-
ing operations have not been possible because of distur-
bance, which prevents the reliability of information stored in
the conventional flash memory from being assured.

[0014] Even though such additional writing has been
conceivable, there has been a substantial limit on the number
of additional writing operations to be repeated continuously
in consideration of the threshold variation due to the distur-
bance. By way of example, as few as two consecutive
writing operations have compromised the integrity of stored
data in the prior art, due to disturbance.

[0015] Furthermore, the memory itself has not been
designed for use in the manner mentioned above. For this
reason, if additional writing is carried out in the conven-
tional flash memory, the time required for the additional
writing is extremely long, a burden too heavy for the system
software because of the necessity to synthesize the read data
and the additional write data, and to write the data combi-
nation after reading out the data in the sector involved and
then subjecting the sector to single-sector erasing as dis-
cussed above.

[0016] An object of the present invention is to provide a
nonvolatile semiconductor memory that is capable of recov-
ering a variation in the threshold of a memory cell due to
disturbance related to a word line.

[0017] Another object of the present invention is to pro-
vide a nonvolatile semiconductor memory that is capable of
continuously performing an additional writing operation
without carrying out a single-sector erase for each write.

[0018] Still another object of the present invention is to
provide a nonvolatile semiconductor memory that is capable
of performing an additional writing operation at a speed
higher than that which is required for the usual writing
operation, lightening the burden imposed on software for
use in additional writing.

[0019] Abrief description will be given of the substance of
the invention disclosed in the present specification.

[0020] The data stored in a sector at a designated address
is read out before being saved in a register, and the sector
involved is subjected to single-sector erasing when a pre-
determined instruction (command) is given. Actual write
data (hereinafter called the “write expected value data”) is
formed from the saved data and data to be additionally
written, so that a writing operation is performed.

[0021] The flash memory system comprises a plurality of
memory cells for storing information in conformity with first
and second threshold voltage states. The memory cells are
arranged in a functional memory array having a word line
connected to control gates of the plurality of memory cells,
and a sequencer which has a command input terminal for
controlling erase and write operations on information stored
or to be stored in the plurality of memory cells in accordance
with an instruction which is input to the command input
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terminal. The instruction that the sequencer receives may be
an erase command for collectively putting the plurality of
memory cells in the first (erased) state, or an “additional
write command” for selectively changing at least one of the
memory cells from the first state to the second state, the
additional write command being used for executing not the
erase command, but a write operation performed continu-
ously (i.e., a plurality of times without an intervening sector
erase).

[0022] 1In a more preferable embodiment of the invention,
some of the plurality of memory cells whose threshold
voltage is in the first state constitute a first memory group,
and the rest constitute a second memory group. According to
the additional write command, then, the following steps are
taken: The threshold voltage of the memory cells in the
second memory cell group is placed between the first state
and the second state, and subsequently at least one memory
cell selected from those in the first memory cell group is put
in the second state, along with those in the second memory
cell group.

[0023] According to a further preferable embodiment of
the invention, the instruction that the sequencer receives
includes an erase command for causing a first voltage to be
applied to the word line to collectively put the threshold
voltage of the plurality of memory cells in the first state.
Then, a first write command causes a second voltage to be
applied to the word line to put the threshold voltage of
memory cells in the selected first memory cell group in the
second state, and a second write command causes the first
voltage to be applied so as to change the threshold voltage
of the plurality of memory cells from the second state to the
first state. The second voltage is then applied to the word line
to put the threshold voltage of memory cells in the selected
second memory cell group in the second state.

[0024] Thus, the variation in the threshold voltage of the
memory cells due to the word disturbance at the time of the
additional writing is recovered, and error data is prevented
from being read. Consequently, it is possible to increase
greatly the number of times that additional writing is con-
tinuously carried out without executing an erasing instruc-
tion. By way of example, the present invention is capable of
performing 15 consecutive write operations without an
intervening sector erase.

[0025] By using additional write data fed from the outside
and the data read from the selected sector and held in the
internal register, the write expected value data is arranged to
be automatically formed inside, and then the writing opera-
tion is performed. With this arrangement, the additional
writing operation can be performed at a speed higher than
the ordinary writing, and the burden imposed on software at
the time of additional writing is lightened.

[0026] These and other objects, advantages, and novel
features of the present invention will become apparent from
the following detailed description when read in connection
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] FIG. 1 is a schematic overall block diagram illus-
trating a flash memory embodying the present invention.

[0028] FIG. 2 is a circuit diagram showing an exemplary
arrangement of a memory array of a flash memory according
to the present invention.
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[0029] FIG. 3 is a circuit diagram showing specific
examples of a sense latch circuit ST and a data inverting
circuit WRW.

[0030] FIG. 4 is a flowchart showing an additional writing
procedure for a flash memory according to an embodiment
of the invention.

[0031] FIG. 5 is a timing chart showing signal timing in
the memory array at the time of additional writing (first half)
in a flash memory according to an embodiment of the
invention.

[0032] FIGS. 6(a)-6(c) are waveform charts showing
sense latching at the time of additional writing (first half)
and a data line level displacement in a flash memory
according to an embodiment of the invention.

[0033] FIG. 7 is a timing chart showing signal timing in
the memory array at the time of additional writing (second
half) in a flash memory according to an embodiment of an
invention.

[0034] FIGS. 8(a)-8(b) are waveform charts showing
sense latching at the time of additional writing (second half)
and a data line level displacement in a flash memory
according to an embodiment of the invention.

[0035] FIGS. 9(a)-9(c) explain the variation in the thresh-
old of a memory cell at the time of additional writing in a
flash memory according to an embodiment of the invention.

[0036] Figs. 10(a)-10(f) explain the variation in the thresh-
old of a memory cell in a flash memory according to an
embodiment of the invention.

[0037] FIG. 11 is a circuit diagram showing another
memory array of a flash memory according to the present
invention.

[0038] FIGS. 12(a)-12(f) explain the variation in the
threshold of a memory cell in the flash memory of FIG. 11.

[0039] FIG. 13 is a flowchart showing a first-stage read
command executing procedure for explaining a second flash
memory embodying the present invention.

[0040] FIG. 14 is a flowchart showing a second-stage
erase command executing procedure for explaining a second
flash memory embodying the present invention.

[0041] FIG. 15 is a flowchart showing a third-stage write
command executing procedure for explaining a second flash
memory embodying the present invention.

[0042] FIG. 16 is a schematic overall block diagram
illustrating a third flash memory embodying the present
invention.

[0043] FIG. 17 is a schematic block diagram of a memory
card as an example of an application of the flash memory
according to the present invention.

[0044] FIG. 18 is a sectional view showing an example of
applied voltage at the time of writing a memory cell in a
flash memory.

[0045] FIG. 19 is a sectional view showing an example of
applied voltage at the time of erasing a memory cell in a
flash memory.

[0046] FIGS. 20(a)-20(f) show the variation in the thresh-
old of the memory cell in a conventional flash memory.
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[0047] FIGS. 21(a)-21(e) show the variation in the thresh-
old of the memory cell in another conventional flash
memory.

[0048] FIGS. 22(a)-22(f) collectively show an exemplary
arrangement of an additionally writable sector in a flash
memory.

[0049] FIGS. 23(a)-23(f) explain the variation in the
threshold of a memory cell in a flash memory according to
an embodiment of the invention.

[0050] FIGS. 24(a)-24(f) explain the variation in the
threshold of a memory cell in the flash memory of FIG. 11.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0051] A description will subsequently be given of the
present invention applied to a flash memory and embodi-
ments thereof by reference to the accompanying drawings.

[0052] Embodiment 1

[0053] FIG. 1 shows a flash memory embodying the
present invention. Each of the circuit blocks in FIG. 1 is
shown formed on one semiconductor chip 1 of single-crystal
silicon, although the invention is not so limited.

[0054] In FIG. 1, a memory array 11 is constituted by a
plurality of individual transistor cells arranged in a matrix,
each of which has a floating gate as shown in FIG. 18. A data
register 12 holds data of one sector read from the memory
array 11 and write data fed from the outside, and a rewrite
circuit 13 is provided between the memory array 11 and the
data register 12.

[0055] An address register 14 holds an address signal fed
from the outside, an X-decoder 15 selects one word line out
of the word lines within the memory array 11 and which
corresponds to the address received by the address register
14, and a Y-address counter 16 sequentially transfers the
write data received from the outside to the data register 12
and generates a Y-address signal (data-line selecting signal)
for outputting the data that has been read into the data
register 12 outside. The Y-address counter 16 has the func-
tion of sequentially updating the leading address of one
sector up to its final address and outputting the updated
result, in conjunction with a Y-decoder 17 that decodes the
Y-address generated so as to select one data within the one
sector, and a main amplifier 18 for amplifying the data read
into the data register 12 and outputting the amplified data.

[0056] The flash memory according to the present embodi-
ment of the invention has a data input/output interface that
can be serially accessible, although the flash memory is not
so limited. At the time of reading, for example, one word line
is selected when the address of a sector to be read is input,
and data are read in parallel from the plurality of memory
cells connected to the word line and then held in a sense
latch SLT group once, which will be described later. The
sense latch group is contained in the data register 12 and
successively selected by the Y-address counter, the data held
therein being serially output. At the time of writing, serial
data are input and written to the selected sector via a reverse
path. Further, a plurality of input/output terminals are pro-
vided for the memory chip, via which data equivalent to one
sector are divided and serially input/output.
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[0057] Although not limited thereto, the flash memory
according to this embodiment of the invention further com-
prises a command register & decoder 21 for holding com-
mands supplied from an external CPU and the like and
decoding the commands, and a control circuit (sequencer)
22 for sequentially forming control signals intended for
respective circuits in the memory so as to perform a process
corresponding to the command on the basis of the result
decoded by the command register & decoder 21. When a
command is given, the flash memory is adapted to decode
the command and automatically start performing a corre-
sponding process.

[0058] Like the control unit of a CPU of a microprogram
system, for example, the control circuit 22 has a ROM (Read
Only Memory) in which is stored a series of microinstruc-
tions for executing commands. When the command register
& decoder 21 generates the leading address of the microin-
structions corresponding to the command and provides the
control circuit 22 with the leading address, a microprogram
can be arranged so that it is started then. Software installed
in the ROM is stored with an instruction procedure which
will be described with reference to FIG. 4, and conditions
including the duration of voltage application and the like.
The ROM may be loaded with only a minimum of micro-
instructions, whereas a rewritable flash memory may be
stored with instruction conditions and additional programs.

[0059] Further, the flash memory according to this
embodiment of the invention is provided with, in addition to
the aforementioned circuits, an I/O buffer 23 for inputting/
outputting an address and a data signal, a control signal
buffer 24 for receiving the control signal supplied from the
external CPU and the like, and an internal power supply
circuit 25 for generating voltages necessary within the chip,
including write voltage Vw (=10 V) applied to the word line
on the basis of source voltage Vce, erasing voltage Ve (10
V), read voltage Vr (2 V), verify voltage Vpv (1 V), and the
like. A power source selecting circuit 26 for selecting a
desired one of these voltages in accordance with the oper-
ating state of the memory is also provided, and supplies the
selected voltage to the memory array 11, X-decoder 15 and
the like. Incidentally, Vw and Ve, which are greater than the
source voltage, are generated by an on-chip charge pump
circuit included in the internal power supply circuit 25.

[0060] In the flash memory according to this embodiment
of the invention, an address signal, a write data signal and a
command input share an external I/O terminal (pin) in
common, although no limitation is intended. Therefore, the
I/0 buffer 23 operates so as to distinguish between these
input signals according to a control signal from the control
signal buffer 24, receives one of the input signals, and then
supplies it to a predetermined internal circuit.

[0061] The control signals fed from the external CPU and
the like into the flash memory according to this embodiment
of the invention include, for example, a reset signal RES, a
chip enable signal CE, a write enable signal WE, an output
enable signal OE, a command data enable signal CDE (for
indicating whether the signal is a command, data input, or
address input), a system clock signal SC, and the like.

[0062] An external general-purpose microcomputer LSI
may be used to control this apparatus because it is only
necessary for the apparatus to be equipped with an address
generating function and a command generating function.
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[0063] FIG. 2 shows a specific example of a system for
lowering the threshold of a memory cell by writing, accord-
ing to the teachings of the present invention. The memory
array 11 according to this embodiment of the invention
comprises two mats; FIG. 2 shows a specific example of one
of the memory mats. As shown in FIG. 2, each memory mat
has a memory train MCC, including n parallel memory cells
(MOSFETs having floating gates) MC1-MCn, which are
arranged in the vertical direction and whose sources and
drains are commonly connected together. A plurality of
memory trains MCC are arranged in the horizontal direction
(in the direction of word lines WL) and in the vertical
direction (in the direction of data lines DL).

[0064] In each of the memory trains MCC, the drains and
sources of the n memory cells MC1-MCn are connected to
a common local data line LDL and a common local source
line LSL. The local data line LDL can be connected via a
selection MOSFET Qsl to a main data line DL, and the local
source line LSL can also be connected via a selection
MOSFET Qs2 to the grounding point or negative voltage.
Those memory trains MCC that are arranged in the direction
of word lines are formed in the same well area WELL on a
semiconductor substrate.

[0065] Though not so limited, the system having the
described memory array arrangement, and which assumes
the erased state at high threshold voltage and the written
state at low threshold voltage, may be called an AND type
flash memory as shown in FIG. 2. At this time, injecting
electrons into the floating gate (which raise the threshold
voltage to attain the erased state) employs, though not so
limited, FN (Fowler-Nordheim) tunnel injection from a
transistor channel, and FN tunnel emission to a diffusion
layer is employed for drawing electrons from the floating
gate (to lower the threshold voltage to attain the written
state).

[0066] Those memory trains MCC that are arranged in the
direction of the word lines are formed in the same well area
WELL on the semiconductor substrate. A negative voltage
of -3 V is applied to the well area WELL and the respective
local source lines LSL. when data is erased, and a voltage of
10 V is applied to the word lines having the common well
area, making possible single-sector erasing. The selection
MOSFET Qs2 is turned on at the time of erasing data, so that
a negative voltage of -3 V is applied to the source of each
memory cell. At this time, the selection MOSFETs Qsl are
turned off and the drain is set at -3 V when the source-side
voltage is applied through the channel of each memory cell
which is turned on as the control gate is supplied with a high
voltage of 10 V.

[0067] On the other hand, a negative voltage of -10 V is
applied to the word line connected to the selection memory
cell at the time of writing data, and the main data line DL
corresponding to the selection memory cell is set at a
potential of 3 V. Further, the selection MOSFET Qsl on the
local data line LDL connected to the selection memory cell
is turned on and 3 V is applied to the drain. However, the
selection MOSFET Qs2 on the local source line LSL is
turned off.

[0068] Further, a read voltage Vr (e.g., 2.0 V) is applied to
the word line connected to the selection memory cell at the
time of reading data and the main data line DL correspond-
ing to the selection memory cell is precharged at 1 V.
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Moreover, the selection MOSFET Qsl on the local data line
LDL connected to the selection memory cell is turned on.
Then, the selection MOSFET Qs2 on the local data line LDL
connected to the selection memory cell is turned on and
supplied with the grounding potential (0 V). Thus, a tran-
sistor through which current flows in response to the thresh-
old voltage of the memory cell (the LDL potential is reduced
to 0 V) is distinguished from another through which no
current flows (the LDL potential is kept at 1 V), whereby the
information stored in the memory cell is read out.

[0069] The voltage at the time of writing and erasing data
is lower than the voltage in the conventional types of FIGS.
18-19 because of the reduced element dimensions attained
by the use of not only a microprocessing technique, but also
the 3 V source voltage Vec instead of the conventionally
employed 5 V.

[0070] To one end of the main data line DL (on the central
side of the memory array), a sense latch circuit SLT is
connected for detecting the data line level at the time of
reading, and for applying a potential corresponding to write
data at the time of writing. A data inverting circuit WRW
forms expected value data at the time of additional writing.
The sense latch circuits (sense amplifier with latching func-
tion) SLT constitutes the data register 12 in FIG. 1, and the
data inverting circuits WRW constitute the rewrite circuit
13. The two memory arrays formed in the two WELLs are
called memory mat a (MATa). In this case the number of
main data lines and SLTs are made to correspond to one
sector; for example, 4224 (512+16 bytes) of them are
provided in parallel.

[0071] Since two memory mats constitute the memory
array according to this embodiment of the invention, the data
inverting circuit WRW and a memory mat b (MATb) (not
shown) are arranged on the opposite side of the sense latch
circuit SLT, that is, in the lower side of FIG. 2, and each
main data line DL within the memory array is connected via
the corresponding data inverting circuit WRW to the other
input/output terminal of the sense latch circuit SLT. In other
words, WRW is provided in each of MATa and MATb
(called WRWa, WRWb when distinguished from each
other), and SLT is commonly used by the two memory mats.

[0072] FIG. 3 is a circuit diagram showing specific
examples of the sense latch circuit SLT and the data invert-
ing circuit WRW. Although there are shown one data line
within the memory mat on one side and only one memory
train MCC connected to the data line for convenience of
explanation (because the circuit is symmetrical about the
sense latch circuit), actually a plurality of memory trains
MCC are connected thereto. As shown in FIG. 3, the sense
latch circuit SLT is formed with a flip-flop circuit resulting
from cross-linking the input/output terminals of two CMOS
inverters each having channel and N-channel MOSFETs.
Further, column switches MOSFET Qya, Qyb forming “Y
gates”, which are on/off controlled by the output of the
Y-decoder, are connected to a pair of input/output terminals
Na, Nb of the aforementioned sense latch circuit SLT,
respectively. The other ends of the plurality of column
switches provided on a main data line basis are commonly
connected to complementary common input/output lines
(10,/10).

[0073] The data inverting circuit WRWa includes a trans-
mission MOSFET Qt1 connected between one input/output
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terminal Na of the sense latch circuit SLT and a main data
line DLa within the memory mat on one side, a precharge
MOSFET Qpl which is connected between the source
voltage terminal Vec and the main data line DLa and
controlled by a control signal PC2A, and MOSFETs Qt2,
Qp2 connected between a precharge switching terminal
VPC and the main data line DLa in series. The potential of
the input/output terminal Na of the sense latch circuit SUT is
applied to the gate of Qt2, whereas a control signal PC1Ais
applied to the gate of Qp2. Moreover, the source voltage Ve
or Vss is supplied to the precharge switching terminal VPC.

[0074] To the other input/output terminal Nb of the sense
latch circuit SLT, a data inverting circuit WRWb including
the MOSFETs Qtl, Qt2, Qpl, Qp2 arranged likewise is
connected.

[0075] FIG. 4 shows a control procedure at the time of
writing additional data by means of the control circuit 22. An
additional write command for starting the additional writing
is designated by an 8-bit code set as a command fed from the
input/output terminal when the command enable signal CDE
of FIG. 1 is made effective. As will be described later,
though the control circuit accepts an erase and a write
command additionally, these commands are distinguished
by a difference in code. The command numerical value is
decoded by a command decoder and a series of programs
corresponding thereto are started.

[0076] The control sequence is started when the additional
write command is taken in by the command register &
decoder 21. When the control sequence is started, an addi-
tional write mode is set up in the chip and “1” is set in the
whole sense latch circuit SLT of the data register 12 (Step
S1). Subsequently, the write address fed from the outside is
stored in the address register 14 (Step S2). Then at least one
additional write data fed from the outside is stored in the
data register 12 (Step S3).

[0077] When the write starting command is received in the
command register & decoder 21 from the outside, further, a
sector address (X-address) held in the address register 14 is
decoded by the X-decoder 15, and one word line in the
memory array 11 is selected and set at a read level of 2 V.
Thus, data equivalent to one sector are read out into the data
register 12, and write expected value data are created on the
basis of the additional write data and held in the data register
12 (Step S4). The processing stated above is automatically
performed by the rewrite circuit 13 (data inverting circuit
WRW) under the control of the control circuit (sequencer)
22.

[0078] Subsequently, 10 V and an erase pulse of 3 V are
applied to the selection word line and the well region,
respectively, so that the threshold of all memory cells of the
sector involved is raised to attain the erased state (Step S5).
Thus, the stored data having “0” in the memory cell is
changed to “1” as the threshold is raised to Vev or greater as
shown in FIG. 10(e), and disturbance is recovered in the
memory cells with the stored data having “1” as shown in
FIG. 10(c). In this case, the disturbance related to the
memory cells where the stored data are “1” has been caused
when another memory cell in the same sector has been
written.

[0079] Although there has been shown an example of
raising the threshold of all memory cells of the sector to Vev
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or greater at Step S5 of FIG. 4, the present invention is not
limited to this example, but is, as shown in FIG. 23(e),
applicable to a case where the threshold of the memory cells
with data already written thereto in the sector is raised to the
extent that it exceeds voltage Pcv.

[0080] The operation of not collectively raising the thresh-
old of all memory cells of the sector to the voltage Vev but
raising it close to the high potential side is called pseudo-
erasing for convenience of explanation. When compared
with the operation of collectively erasing all memory cells of
the sector, the pseudo-erasing is distinguished by the voltage
application time from the former, though the voltage applied
to the memory array is similar. In other words, 10 V is
applied to the selection word line normally for 1 ms in order
to completely erase the memory cells in the written state by
executing an erase command as described in FIG. 14 later,
whereas in the case of the pseudo-erasing, approximately 0.1
ms, which is about Vi, is considered to be satisfactory.

[0081] Therefore, the threshold voltage of the first
memory cell group in the second state within one sector is
not completely changed up to the threshold voltage in the
first state but remains in between the first and second state.
Moreover, the threshold voltage of the second memory cell
group in the first state, as the remainder of the first memory
cell group in the same sector, is changed in the voltage
direction in which the threshold voltage is gradually raised
(ie., the voltage direction in which the second state of the
threshold voltage is changed to the first state). More spe-
cifically, the pseudo-erasing operation is not intended to
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[0083] During the process of repeating the verifying
operation, the memory cells whose threshold has been
lowered sufficiently (the threshold voltage is lower than the
verify voltage Vpv) are arranged so that they are prevented
from being written with the voltage level of LDL set at 0 V.
Then the remaining memory cells whose threshold has not
been reduced sufficiently are selectively written and, when
the threshold voltage of the memory cell group to be written
is totally sufficiently lowered, rewriting and verifying are
suspended.

[0084] The write verify corresponds to a variation in
writing time of the memory cells in the same sector. In other
words, the memory cells set at the threshold in the first and
second states because of the pseudo-erasing have write times
far shorter than that of the memory cell whose threshold is
changed from the first state to the second state. With the use
of write verify, variation in the threshold voltage at the time
of writing is suppressed and the threshold voltage is effec-
tively prevented from becoming Vss or lower.

[0085] FIGS. 5-8 show signal timings in each component
of the memory array and the data inverting circuit WRW in
detail at the time of generating the write expected value data
at Step S4 in the additional writing flow described above.
FIGS. 5-8 show signal timings for the right-hand side
memory mat MATa in the memory array shown in FIG. 3.
Further, Table 1 shows variation in the data held in the data
register 12 and the data line level during the process of
generating the aforementioned write expected value data in
the order of time from up to down.

TABLE 1

MEMORY DATA 1
ADDITIONAL DATA 1

UNUSED

O =
O =
[Ergy—
O =
O =
[Ergy—
O =
[
o
[
o
[
o

DATALINE t1 H L L H L L H L H H H H H H
&REGISTER t2 H L L H L L H L H L H L H L

t5 10 0 1 0 0 1 0 1 0 1 0 1 0

6 H H H H H HH H HHHHHH

7 L H H L HH L H L HL H L H

10 0 1 1 0 1 1 0o 1 0 1 0 1 0 1

*Expected data
erase the memory cell completely, but to change the thresh- [0086] As shown in Table 1, the additional write data are

old voltage in the opposite voltage direction to the extent
that the change is offset in expectation of variation in the
threshold voltage in the voltage direction from the first state
to the second state caused by word disturbance.

[0082] Then the selection word line is set at =10 V and the
data line uses the expected value data created at Step S4 and
held in the data register (sense latch SLT) 12 to selectively
set the voltage level of LDL at 3 V, and writes data to the
above erased sector (Step S6). The voltage level of LDL that
is not written is set at 0 V. Then, verify voltage Vepv is used
for reading and determining whether or not the threshold has
been lowered sufficiently, by deciding whether the data held
in the data register 12 have been totally set to “0” (Step S7).
If any “1s” are left, the presence of a high-threshold memory
is decided and Step S6 is followed again, whereupon the
data then held in the data register 12 are used to repeat the
verifying operation again.

stored in the predetermined bits of the data register (sense
latch SLT) 12. As described above, data “1” (i.e., the
threshold is not varied at this stage) is set in the sense latch
SLT corresponding to the memory cell not to be additionally
written (the memory cell to which data has already been
written) in the same sector. In other words, though the item
of additional data in a column being used is shown by “-”
in order to make it clear that no addition writing is made in
Table 1, the time is actually “1”. Moreover, Vcc (high level)
is initially supplied to the voltage source selector terminal
VPC in the data inverting circuit WRW.

[0087] As shown in FIG. 5, signals PC2B, PC1A are first
caused to rise (t1) in that state, whereby the MOSFET Qpl
in the data inverting circuit WRW in MATb on the non-
selection side is turned on, so that a plurality of main data
lines DLb are precharged at a reference potential (e.g., 0.5
V). On the other hand, the MOSFET Qp2 in the data
inverting circuit WRW in MATa on the selection side is



US 2002/0034099 Al

turned on and the MOSFET Qt2 is turned on when the data
held in the sense latch SLT is “1” and turned off when it is
“0”. Therefore, the main data line DLa corresponding to “1”
of the data held in the sense latch SLT is precharged at 1 V
and the main data line DLa corresponding to “0” of the data
thus held is set at Vss (low level). Since the data “1” has
been set in the sense latch SLT corresponding to the memory
cell not to be additionally written (the memory cell to which
data has already been written), the corresponding main data
lines DLa are totally precharged at 1 V.

[0088] Subsequently, one word line, a local drain selection
signal SD, and a local source selection signal SS are caused
to rise, and the selection MOSFET Qsl in the memory array
is turned on (timing t2 of FIG. 5), whereby since the
memory cells (low threshold) with data “0” already written
is turned on, the corresponding main data line DLa is
discharged and set at the low level. On the other hand, the
corresponding main data line DLa remains at the high level
since the memory cells (high threshold) with stored data of
“1” are turned off. Further, since the unwritten (in the erased
state) memory cells (high threshold) are turned off, the main
data line DLa corresponding to additional write data of “1”
held in the sense latch SLT is set at 1 V, and the main data
line DLa corresponding to additional write data of “0” is set
at Vss.

[0089] Subsequently, the source voltages SLP, SLN of the
sense latch SLT are reset (SLP =SLN -0.5 V) and the data
thus held is canceled once (timing t3 of FIG. 5). Then a
signal TR is set at the high level and the transmission
MOSFET Qtl on the data line is turned on so as to transfer
the potential of the data line to the sense latch SLT (timing
t4 of FIG. 5). Further, the source voltages of the sense latch
SLT are put in a forward bias state to amplify the potential
of the data line (timing t5 of FIG. 5). FIGS. 6(a)-6(b) show
variation in the input/output node of the sense latch ST and
potential of the main data lines DLa, Db when the afore-
mentioned signal timing is followed.

[0090] In FIGS. 6(a)-6(c), symbol DAIi represents the
potential of the input/output node Na on the mat MATa (the
right-hand mat in FIG. 3) side of the sense latch SLT; DB,
the potential of the input/output node Nb on the mat MATa
(the left-hand mat, not shown in FIG. 3) side of the sense
latch SLT; GDLAI, the potential of the main data line DLa
on the mat MATa; and GDLBA, the potential of the main data
line DLb on the mat Matb. Further, FIG. 6(a) shows
waveforms in a case where the present state of the selection
memory cell is the written state (low threshold); FIG. 6(b)
shows waveforms in a case where the present state of the
selection memory cell is the erased state (high threshold)
and no data is written by additional writing; and FIG. 6(c)
shows waveforms in a case where the present state of the
selection memory cell is the erased state (high threshold)
and data is written by additional writing.

[0091] As shown in FIG. 7, the signal TR is set at the low
level and the transmission MOSFET Qtl is turned off to
cause signals PC2A, PC2B to rise (timing t6) in such a state
that the data line is cut off from the sense latch SLT. At this
time, the MOSFET Qpl in the data inverting circuit WRW
is turned on and the main data lines DLa, DLb are pre-
charged at 1 V and 0.5 V, respectively. Then the voltage
source selector terminal VPC in the data inverting circuit
WRW is switched over to Vss and the signal PC1A is caused
to rise (timing t7 of FIG. 7).
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[0092] Further, the MOSFET Qp2 in the data inverting
circuit WRWa is turned on at the selection side, and the
MOSFET Qt2 is turned on in response to the data “1” held
in the sense latch SLT and turned off in response to the data
“0”. Therefore, the main data line DLa corresponding to the
data “11” held in the sense latch SLT is discharged to Vss
(low level) and the main data line DLa corresponding to the
data “0” held therein is left at 1 V (high level). In other
words, a state in which the date held in the data register 12
is inverted appears on the data line on the selection side.

[0093] Subsequently, the source voltages SLP, SLN of the
sense latch SLT are reset and the data thus held is canceled
once (timing t8 of FIG. 7). Then a signal TR is set at the high
level and the transmission MOSFET Qtl on the data line is
turned on so as to transfer the potential of the data line to the
sense latch SLT (timing t9 of FIG. 7). Further, the source
voltages of the sense latch SLT are put in a forward bias state
to amplify the potential of the data line (timing t10 of FIG.
7). Thus, write expected value data, reduced to “1” only by
the sense latch SLT corresponding to a memory cell to be
written, is held in the data register 12. The write expected
value data will readily be understood from Table 1 as being
prepared by arranging additional write data and the data
stored in the memory cell already written, and inverting the
combination.

[0094] In the flash memory according to this embodiment
of the invention, while the write expected value data is held
in the data register 12, all the memory cells in the sector
involved are put in the erased state (high threshold) or
subjected to pseudo-erasing by applying the erase pulse to
the selection word line and the well area in such a state that
the transmission MOSFET Qtl on the data line has been
turned off. Then the write expected value data held in the
data register 12 are used to carry out desired additional
writing by precharging only the data line with the held data
“1” at a level of 3 V so as to apply —10 V to the selection
word line. Consequently, the threshold of the memory cell
that has not been connected to the precharged data remains
unchanged and the stored data becomes “1”, whereas the
threshold of the memory cells connected to the precharged
data are lowered, whereby the stored data becomes “0”.

[0095] In this case, the erase time can be curtailed because
the threshold of the memory cell in the erased state at the
time the erase pulse is applied need only exceed the mini-
mum write verify voltage.

[0096] FIGS. 8(a) and 8(b) show variation in the input/
output node of the sense latch SLT and the potential of the
main data lines DLa, DLb when the aforementioned signal
timing is followed. FIG. 8(a) shows waveforms after a case
where the potential of the matA-side input/output node of
the sense latch SLT remains at the high level on the
termination of the operation of FIG. 5 (timing t5), and FIG.
8(b) shows waveforms after a case where the potential of the
matA-side input/output node of the sense latch SLT remains
at the low level on the termination of the operation of FIG.
5 (timing t5).

[0097] FIGS. 9(a)-9(c) show the state of variation in the
threshold before and after additional writing to each memory
cell. FIG. 9(@) shows variation of the memory cell in the
prior-to-write state in which additional write data is “1” at
‘erasing (stored data “17) is “1”; FIG. 9(b) variation of the
memory cell in the prior-to-write state in which additional
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write data at 'erasing (stored data “17) is “0”"; and FIG. 9(c)
variation of the threshold of the memory cell in the prior-
to-write state in which additional write data is absent at
'writing (stored data “1” is “0”). In FIGS. 9(a)-9(c), the
gentle slope tilting toward the right means a reduction in
threshold due to disturbance. Those shown by a broken line
in FIGS. 9(a)-9(c) refer to variation in the threshold in a case
where the initial writing has also been carried out by the use
of the additional write command. In other words, writing
using the additional write command is effective since dis-
turbance occurs even in the case of writing immediately
after the single sector erasing of the memory cell.

[0098] Table 2 shows the relation among the state of the
memory cell (stored data), additional write data, and the
write expected value data. Symbols A, B, C in Table 2
represent corresponding variations in the threshold of the
memory cell in FIGS. 9(a)-9(¢).

TABLE 2

WRITE
STATE OF THE ADDITIONAL EXPECTED
MEMORY CELL WRITE DATA VALUE DATA

UNUSED (A) ERASE (“17) 1 0 (NO WRITE)
(B) ERASE (“17) 0 1 (WRITE)

USED (O WRITE (“0”) — 1 (WRITE)
(A) ERASE (“17) — 0 (NO WRITE)

[0099] FIGS. 10(a)-10(f) show variation in the threshold
of each memory cell by applying additional write control
according to this embodiment of the invention. FIGS. 10(a)-
10(f) collectively show a diagram illustrating a transition
state of the threshold of a memory cell group in one sector
with the X-axis representing voltage and the Y-axis repre-
senting the degree of a memory cell at a specific threshold
voltage.

[0100] In FIGS. 10(a)-10(f), a first state of the threshold
voltage (erased state, logical state “17) and a second state
thereof (written state, logical state “0”) are defined. More
specifically, the threshold voltage of the memory cell for
determining the storage state of the memory cell is Vev or
higher in the first state, and ranges from Vss to Vpv in the
second state, in either case of which it is not a voltage at
having a specific value, but falls within a predetermined
range (Vss to Vpv). According to this embodiment of the
invention, as shown in Figs. 10(a)-10(c), the threshold of the
memory cell whose threshold has lowered, as shown by a
broken line due to disturbance at the time of initial writing,
can be recovered.

[0101] Although a detailed description has not been given
before, if a specific memory cell group is written after one
sector is subjected to single-sector erasing, the remaining
memory cells undergo word disturbance from the beginning.
FIGS. 10(a) and 10(b) show variation in the threshold in a
case where the first memory cell group (in the erased state)
is not written in an unused area where the threshold voltage
is in the first state within the same sector, and FIGS. 10(c)
and 10(d) show variation in the threshold in a case where the
first memory cell group is written in that unused area.
Moreover, FIGS. 10(¢) and 10(f) show variation in the
threshold of the second memory cell group in which the
threshold voltage in a usable area is in the second written
state. As is obvious from these figures, even the written
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memory cell is put in the erased state once before being put
in the written state according to this embodiment of the
invention.

[0102] Although a description has been given of a case
where the sector is divided into a usable and an unused area
in the above embodiment of the invention, the present
invention is not limited to that case but may be implemented
so that the above unused area is divided into a plurality of
sections to make additional writing possible on a section
basis.

[0103] Further, although a description has been given of a
flash memory system in which the threshold is lowered with
a write pulse after performing the erasing operation once to
raise the threshold at the time of writing data according to
the above embodiment of the invention, such a system may
raise the threshold with the write pulse after lowering the
threshold of the memory cell through the erasing operation.

[0104] The flash memory formed on one chip as shown in
FIG. 1 according to the first embodiment of the invention
includes at least a read command (shown in FIG. 13), the
erase command (FIG. 14) for collectively putting the thresh-
old voltage of memory cells in one sector in the first state,
and the write command (FIG. 15— first write command) in
addition to the additional write command (second write
command). A detailed description will be given of proce-
dures of FIGS. 13-14 later. It takes about 1 ms to change the
memory cell group in one sector from the second state in
threshold to the first state by executing the erase command.
It also takes about 1 ms to change the memory cell group
from the first state in threshold to the second state by
executing the write command.

[0105] The function and the effect of the present invention
are achieved according to the above embodiment as follows:
When the additional write command of FIG. 4 is compared
with the write command first, the additional write command
features a procedure at Steps S4-S5. Synthesizing final write
data at Step S4 automatically contributes to saving write
time.

[0106] A comparison made in terms of the voltage applied
to the word line, which characteristically determines the
voltage direction of the threshold voltage, includes a step of
applying only +10 V for about 1 ms with the erase command
of FIG. 14, and a step of applying only —10 V for about 1
ms with the write command of FIG. 15. Moreover, it is
featured that a step of applying =10 V which is followed by
applying +10 V is taken in reference to FIG. 4. Further, the
time required to apply +10 V in the case of pseudo-erasing
at Step SS§ is far shorter than the time required to apply +10
V with the erase command.

[0107] In the method of saving write data of one sector in
SLT once, subjecting the memory cell to complete single
sector erasing (about 1 ms) with the erase command, and
then writing (about 1 ms) the final write data synthesized
from the data saved in SL'T and new write data with the write
command in order to avoid disturbance, requires a total of
about 2 ms or more. On the other hand, the use of the
additional write command using the pseudo-erasing results
in completing the writing operation in about 1.1 ms, or about
half the time, as writing is effected (about 1 ms) after the
pseudo-erasing (about 0.1 ms). Since the disturbance is
compensated for by the pseudo-erasing, the additional write
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command makes it unnecessary to completely erase the
sector by executing the erase command prior to executing
the additional write command, as is required by the con-
ventional 'system.

[0108] Further, since the word disturbance is greatly
eased, the additional write command may be executed many
times without executing the erase command. Even when the
additional write command is continuously executed about 15
times or more without executing the erase command, the
data stored in the same sector remains assured. The con-
tinuous repetition of erasing-writing 15 times requires about
30 ms according to the prior art, whereas the continuous
execution of the additional write command 15 times, plus
only one erase command, total 17.5 ms, so that the write
time according to the invention is much shorter.

[0109] Embodiment 2

[0110] FIG. 11 shows a memory array of the aforemen-
tioned system for increasing the threshold using the write
pulse.

[0111] The difference between the memory array accord-
ing to this embodiment of the invention and the memory
array (see FIG. 2) according to the preceding embodiment
lies in the direct connection of the drains of memory cells
MC1-MCn to respective main data lines DL, omitting selec-
tion MOSFETs Qsl, Qs2, and the connection of the sources
of the memory cells MC1-MCn to a common source line
CSL. However, both the memory arrays are similar in that a
line of memory cells are connected in parallel.

[0112] Moreover, in the memory array according to this
embodiment of the invention, the definition of the threshold
voltage of the memory cell at the time of writing and erasing
data is opposite to what is given in the embodiment thereof
in FIG. 2. The memory array shown in FIG. 11 may be
called a NOR-type flash memory, although the array is not
so limited. At this time, the injection of electrons into the
floating gate (to raise the threshold voltage to attain the
written state) uses, though not so limited, CHE (Channel Hot
Electron) injection from the drain of the transistor, and FN
tunnel emission for drawing electrons from the floating gate
(to lower the threshold voltage to attain the erased state).

[0113] According to this embodiment of the invention, as
shown in Table 3, a voltage as high as 10 V is applied to the
control gate CG, whereas the grounding potential (0 V) is
applied to the source. On the other hand, different voltages
depending on selection/non-selection are applied to the
drain. In other words, a voltage of 5 V is applied to the drain
of the selection memory cell to turn it on to put the memory
cell in the ON state, thus causing current to flow across the
source and drain, and the hot electrons generated then are
injected into the floating gate, thereby raising the threshold
of the memory cell for writing. Further, 0 V is applied to the
drain, like the source, of the non-selection memory cell, and
the threshold of the memory cell consequently remains low
because no current flows across the source and drain of the
memory cell.

TABLE 3
CcG DRAIN SOURCE
WRITE 10 5/0 0
ERASE -10 FLOATING 5
READ 5 1 0
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[0114] At the time of erasing data, a negative voltage of
-10 V is applied to the control gate CG, and the drain is
reduced to a floating state in which no voltage is applied.
Further, a positive voltage of 5 V is applied to the source,
whereby electrons are drawn from the floating gate of the
memory cell so as to lower the threshold of the memory cell.
This erasing operation is performed by the sectors sharing
the word line in common. As 5 V is applied to the control
gate, 0 V to the source, and 1 V to the drain of the memory
cell at the time of reading data according to this embodiment
of the invention, no drain current flows through the memory
cell having a high threshold, whereas the drain current flows
through the memory cell having a low threshold. Conse-
quently, data is read out by detecting the lowering of the
precharge level of the data line.

[0115] If additional write control similar to that in the
preceding embodiment of the invention is applied, it is also
possible in this embodiment of the invention to recover the
threshold of the memory cell whose threshold has risen
because of disturbance at the time of initial writing as shown
by broken lines in FIGS. 12(a) and 12(c). FIGS. 12(a) and
12(b) show variation in the threshold in a case where the
memory cell (in the erased state) in the unused area is not
written; FIGS. 12(c) and 12(d) show variation in the thresh-
old in a case where the memory cell in the unused area is
written; and FIGS. 12(e) and 12(f) variation in the threshold
of the memory cell in the written state in the usable area.
Thus, even the written memory cell is put in the erased state
once and then in the written state again according to this
embodiment of the invention. Further, FIGS. 24(a)-24(f)
show that variation in the threshold of the memory cell may
be set so that it is slightly lower than voltage Vpv.

[0116] In summary, in Embodiment 2, an effect similar to
that of Embodiment 1 is achievable by reversing the high
and low levels of threshold voltage in the first state and the
second state.

[0117] Embodiment 3

[0118] FIGS. 13-15 show another embodiment of the
invention. According to this embodiment of the invention, a
data read command, an erase command, and a write com-
mand from an external control unit are generally used for
carrying out additional writing without supplying the flash
memory with the additional write command and the
expected value data function as in the preceding embodi-
ment of the invention. The flash memory to which this
embodiment of the invention is applicable has a sequencer
that is capable of at least decoding a data read command, an
erase command, and a write command as well as a start
command, and executing these commands. Of these com-
mands, the start command is not necessarily required, and
the flash memory may be arranged so that it is automatically
started.

[0119] A nonvolatile memory has a memory array and a
sequencer which are formed on one chip and the sequencer
is at least capable of executing basic instructions including
a read command (FIG. 13), an erase command (FIG. 14),
and a write command (FIG. 15). As described with refer-
ence to Embodiment 1, the voltage application time of the
word line with the erase command and executing steps are
changeable so that complete single-sector erasing and the
above described pseudo-erasing can be carried out. A second
erase command that is different in erase time may be
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provided for special use in pseudo-erasing. At this time,
erase verify of the erase command is unnecessary.

[0120] The additional write command according to the
present invention is in the form of a macro command for
executing the three basic instructions above successively
and continuously. The command may be distributable to a
magnetic medium or the like as a program executable by the
CPU of, for example, a personal computer. Therefore, the
“sequencer” in this embodiment is a combination of a
sequencer in the narrow sense of a memory chip and an
external CPU.

[0121] Moreover, the additional command may be in the
form of an additional program as a nonvolatile memory
driver or often combined into the OS of a computer. There-
fore, this embodiment can be part of a computer system
having a nonvolatile memory chip capable of executing the
three basic instructions, and a CPU to which the memory
chip is connected.

[0122] The following description refers to FIGS. 13-15.

[0123] When additional writing is carried out according to
this embodiment of the invention, a data read command is
first fed from an external control unit to the flash memory
and a sector address is subsequently fed. The sector address
is equivalent to a location to which data is additionally
written later. When the flash memory is supplied with the
data read command, it sets each circuit in the memory in a
read mode (Step S11 of FIG. 13). When the address is input
then, it is stored in an address register (Step S12).

[0124] When a start command is input from the outside,
the address data stored in the address register is read from a
memory array and output externally. The external control
unit stores the data that has been output from the flash
memory in a predetermined save area within an external
memory. Further, the external control unit creates write
expected value data from the read data stored in the save
area and additional write data, and holds the write expected
value data in the external memory.

[0125] Subsequently, an erase command and a sector
address are fed from the external control unit into the flash
memory. Then the flash memory sets each circuit of the
memory in an erase mode and stores the address thus input
in the address register (Steps S21, S22 of FIG. 14). When
the start command is input, the flash memory applies a bias
voltage for establishing an erased or pseudo-erasing state to
a memory cell corresponding to the sector address set by the
address register so as to vary the threshold (Step S23). Then
the flash memory effects a verify read to confirm whether or
not the data has been erased, the process returns to Step S23
when it has not been erased yet, and applies an erase pulse
to the memory cell again (Steps S24, S25). The erase verify
at S23, S25 is utilized at the time of normal erasing, but is
not used at pseudo-erasing.

[0126] Then the write command, the sector address and
the write expected value data are successively input from the
external control unit to the flash memory, whereupon the
flash memory sets the write mode in each of the circuits in
the memory, and stores the address thus input in the address
register and the write expected value data in the data register
(Steps S31, S32, S33 of FIG. 15). When the start command
is input subsequently, the flash memory applies the write
pulse to the memory cell corresponding to the sector address
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set in the address register so as to vary the threshold (Step
S34). Then the flash memory effects a verify read to confirm
whether or not the data has been written, and returns to Step
S34 when the data has not been written, so as to apply the
write pulse to the memory cell again (Steps S35, S36).

[0127] Although a description has been given of a macro
additional write command as the combination of three basic
instructions including the read, erase, and write commands,
an effect similar to that obtainable in Embodiment 1 can be
anticipated with respect to the additional writing that can be
carried out by avoiding the word disturbance without
executing the erase instruction. However, the effect of
saving the procedure at Step S4 of FIG. 4 for outputting the
write data externally from the memory chip becomes less
distinct than the embodiment of FIG. 4.

[0128] FIG. 16 shows still another embodiment of the
invention, wherein like reference numerals designate like
component parts, and the repeated description thereof will
be omitted. According to this embodiment of the invention,
there are provided a data saving register 27 for use as the
save area according to the preceding embodiment thereof,
and an arithmetic circuit (corresponding to write expected
value data) 28 for operating on write expected value data in
the flash memory. The sequencer 22 according to this
embodiment of the invention has a function of decoding an
additional write command fed from an external control unit
and controlling the data saving register 27 and the arithmetic
circuit 28 at proper timings so as to carry out additional
writing.

[0129] Embodiment 4

[0130] FIG. 17 shows a memory card as an application of
the flash memory according to the above-described embodi-
ments of the invention. A memory card 100 comprises a
plurality of flash memory chips 10 and a controller chip 110
for controlling read/write operations. A bus (not shown)
provided in the card is used to connect the controller chip
110 and the flash memory chips 10. The aforementioned
additional write command and other commands, a sector
address, write data, and control signals such as a write
enable signal are supplied from the controller chip 110 via
the bus to the flash memory chips; terminals/conductors 120
are provided along one side of the card for signal input/
output and power supply.

[0131] A description has been given of a nonvolatile
memory array for a flash memory, and of a command
sequencer for executing instructions, mounted on one chip
in Embodiments 1 and 2 of the invention, which may also be
implemented in the form of a card as shown in FIG. 17. In
this case, importance is attached to a nonvolatile memory
system in which the controller chip 110 at least follows an
additional write command procedure of FIG. 4.

[0132] Other aspects of implementing the present inven-
tion, other than the memory card as mentioned above,
include a memory card comprising a plurality of flash
memory chips with the omission of the controller chip 110,
and a personal computer including a CPU to which the
aforementioned memory card is connectable. In this case, a
program for the CPU contains all commands such as an
erase command and a write command necessary for con-
trolling the flash memory; further, the additional write
command of FIG. 4 or the macro additional write command
as the combination of basic instructions of FIGS. 13-15 may
be used for this purpose.
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[0133] As set forth above, according to the above-de-
scribed embodiments of the invention, the data stored in a
sector at a designated address is read and saved in the
register when the predetermined command is issued and the
sector is subjected to single-sector erasing. Then, the actual
final write data (write expected value data) is formed from
the saved data and data to be additionally written and used
to perform the writing operation. Therefore, this arrange-
ment has the effect of preventing error data from being read
since variation in the threshold of the memory cell due to the
disturbance related to the word line is recovered at the time
of additional writing.

[0134] When additional write data is fed from the outside
while the data read from the selected sector is held in the
internal register, the writing operation is performed after the
write expected value data is automatically and internally
formed. Therefore, the additional writing operation can be
performed quicker than the ordinary writing operation with
the effect of lightening the burden imposed on software at
the time of additional writing.

[0135] Consequently, it is possible to provide, within the
same sector, a mixture of the system area intended for
information that is not opened to general users (such as OS
and sector control information) and the user area to which
the user is allowed to freely write data in the case of flash
memories according to above-described embodiments of the
invention as shown in FIGS. 22(a)-22(f), whereby the
memory is effectively utilizable. This is due to the fact that,
in a flash memory of such a storage system, predetermined
data is written to the system area and the user area is offered
to the user in the unwritten state, and because the additional
writing operation is performable when the user writes data
thereto.

[0136] Control data of FIGS. 22(a)-22(f) include, for
example, parity codes, error correction codes, the number of
times the sector involved is rewritten, and whether or not the
sector contains bad bits; section control information indica-
tive of the usable/unused condition of a section when the
sector is divided into a plurality of sections so that each
section is additionally writable; and the like.

[0137] Although a detailed description has been given of
the present invention on the basis of preferred embodiments
thereof, the present invention is not limited to these embodi-
ments but may be modified without departure from the spirit
and scope of the invention. For example, a description has
been given of the case where the two mats have been used
to constitute the memory array according to the embodi-
ments of the invention, the present invention is not so
limited, but may be applicable to a case where the memory
array is divided into a plurality of mats or formed with one
mat.

[0138] Further, although a description has been given of a
flash memory of the single-sector erasing type, the invention
is not so limited, but may be widely applicable to nonvolatile
memories with FAMOS storage elements, and to semicon-
ductor devices provided with memory cells each having a
plurality of thresholds.

[0139] The effect obtained from the representative
embodiments of the invention disclosed in the present patent
application are briefly summarized as follows:

[0140] According to the present invention, variation in the
threshold of the memory cell due to the disturbance related
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to the word line in the nonvolatile semiconductor memory is
recovered and error data is prevented from being read out.
Further, the additional writing operation can be performed
quicker than the ordinary writing operation with the effect of
lightening the burden imposed on software at the time of
additional writing.

We claim:
1. A non-volatile memory system, comprising:

a memory array including a plurality of memory cells in
which each memory cell stores a data by threshold
voltage corresponding to a first state and a second state,
and a word line coupled to gates of the plurality of
memory cells; and

a sequencer which controls procedures of changing the
threshold voltage of the plurality of memory cells in
response to corresponding commands;

wherein the plurality of memory cells includes a first
group of memory cells having a threshold voltage
corresponding to the first state, and a second group of
memory cells having a threshold voltage corresponding
to the second state;

wherein said sequencer includes an erase command pro-
cedure which puts the threshold voltage of the plurality
of memory cells into the first state, and a write com-
mand procedure which puts the threshold voltage of at
least a selected one of the first group of memory cells
into the second state; and

wherein the write command procedure includes a first step
in which the threshold voltage of the second group of
memory cells is changed toward a voltage direction
from the first state to the second state, and a second step
in which the threshold voltage of the second group of
memory cells and at least a selected one of the first
group of memory cells are changed to the second state.

2. A non-volatile memory system according to claim 1,
wherein in the first step, the threshold voltage of the first
group of memory cells is changed toward the voltage
direction from the first state to the second state while the
threshold voltage of the second group of memory cells is
changed toward the voltage direction from the first state to
the second state.

3. A non-volatile memory system according to claim 2,
wherein in the first step, the threshold voltage of the second
group of memory cells is temporarily changed between the
first state and the second state.

4. A non-volatile memory system according to claim 2,

wherein in the first step, the threshold voltage of the
second group of memory cells is temporarily changed
to the first state.

5. A non-volatile memory system, comprising:

a memory array including

a plurality of memory cells in which each memory cell
stores a data by threshold voltage corresponding to a
first state and a second state;

a word line coupled to gates of the plurality of memory
cells;

a plurality of data lines, each data line being coupled to
each of the plurality of memory cells;
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a plurality of sense latches, each sense latch being
coupled to each of the plurality of data lines; and

a data input/output terminal coupled to the plurality of
data lines; and

a sequencer which controls procedures of changing the
threshold voltage of the plurality of memory cells in
response to corresponding commands;

wherein the plurality of memory cells includes a first
group of memory cells having a threshold voltage
corresponding to the first state, and a second group of
memory cells having a threshold voltage corresponding
to the second state;

wherein said sequencer includes an erase command pro-
cedure which puts the threshold voltage of the plurality
of memory cells into the first state, and a write com-
mand procedure which puts the threshold voltage of at
least a selected one of the first group of memory cells
into the second state; and

wherein the write command procedure includes a first step
of storing a first data inputted from the input/output
terminal to each of the plurality of sense latches; a
second step of reading a second data from each of the
plurality of memory cells onto each of the plurality of
data lines, synthesizing a third data from the first data
and the second data, and storing the third data in each
of the plurality of sense latches; a third step of changing
the threshold voltage of the plurality of memory cells
toward a voltage direction from the second state to the
first state; and a fourth step of putting into the second
state the threshold voltage of at least one of the memory
cells indicated by the third data.

6. A non-volatile memory system according to claim 5,

wherein the threshold voltage of the second group of
memory cells is temporarily changed between the first
state and the second state during the third step.

7. A non-volatile memory system according to claim 5,

wherein the threshold voltage of the second group of
memory cells is temporarily changed to the first state
during the third step.

8. A non-volatile memory system, comprising:

a memory array including a plurality of memory cells in
which each memory cell stores a data by threshold
voltage corresponding to a first state and a second state,
and a word line coupled to gates of the plurality of
memory cells; and

a sequencer which controls procedures of changing the
threshold voltage of the plurality of memory cells in
response to corresponding commands;

wherein the plurality of memory cells includes a first
group of memory cells having a threshold voltage
corresponding to the first state, and a second group of
memory cells having a threshold voltage corresponding
to the second state;

wherein said sequencer includes an erase command pro-
cedure which puts the threshold voltage of the plurality
of memory cells into the first state by applying a first
voltage to the word line, and a first write command
procedure which puts the threshold voltage of at least

12
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one of the first group of memory cells into the second
state by applying a second voltage to the word line; and

wherein said sequencer also includes a second write
command procedure which puts the threshold voltage
of at least one of the first group of memory cells into the
second state by-applying the first voltage and the
second voltage to the word line.

9. A non-volatile memory system according to claim 8§,

wherein the time required to apply the first voltage to the
word line in the second write command procedure is
shorter than the time required for the erase command
procedure.

10. A non-volatile memory system according to claim &,

wherein the threshold voltage of the second group of
memory cells is temporarily changed between the first
state and the second state by applying the first voltage
to the word line during the second write command
procedure.

11. A non-volatile memory system according to claim &,

wherein the time required to apply the first voltage to the
word line of the second write command procedure is
substantially the same as the time required for the
erasing command procedure.

12. A non-volatile memory system according to claim &,

wherein the threshold voltage of the second group of
memory cells is temporarily changed to the first state
by applying the first voltage to the word line during the
second write command procedure.

13. A non-volatile memory system according to claim &,
wherein said memory array also includes

a plurality of data lines, each data line being coupled to
each of the plurality of memory cells;

a plurality of sense latches, each sense latch being
coupled to each of the plurality of data lines; and

a data input/output terminal coupled to the plurality of
data lines;

wherein the second writing command procedure includes
a first step of storing a first data inputted from the
input/output terminal to each of the plurality of sense
latches; a second step of reading a second data from
each of the plurality of memory cells to each of the
plurality of data lines, synthesizing a third data from the
first data and the second data, and storing the third data
into each of the plurality of sense latches; a third step
of applying the first voltage to the word line and
changing the threshold voltage of the plurality of
memory cells toward a voltage direction from the
second state to the first state; and a fourth step of
applying the second voltage to the word line and
putting into the second state the threshold voltage of at
least one of the memory cells indicated by the third
data.

14. A non-volatile memory system according to claim 13,

wherein the time required for applying the first voltage to
the word line of the second writing command proce-
dure is shorter than the time required for the erase
command procedure.
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15. A non-volatile memory system according to claim 13,

wherein the threshold voltage of the second group of
memory cells is temporarily changed between the first
state and the second state by applying the first voltage
to the word line during the third step.

16. A non-volatile memory system according to claim 13,

wherein the time required for applying the first voltage to
the word line of the second writing command proce-
dure is substantially the same as the time required for
the erase command procedure.

17. A non-volatile memory system according to claim 13,

wherein the threshold voltage of the second group of
memory cells is temporarily changed to the first state
by applying the first voltage to the word line during the
third step.

18. A non-volatile memory system according to claim 1,

wherein said memory system is a semiconductor device
formed on a semiconductor substrate.
19. A non-volatile memory system according to claim 5,

wherein said memory system is a semiconductor device
formed on a semiconductor substrate.
20. A non-volatile memory system according to claim 8§,

wherein said memory system is a semiconductor device
formed on a semiconductor substrate.
21. A non-volatile memory system according to claim 1,

wherein said memory system is a memory card; and

wherein the memory card has a memory chip including
said memory array and a control chip including said
sequencer.

22. A non-volatile memory system according to claim 5,

wherein said memory system is a memory card; and

wherein the memory card has a memory chip including
said memory array and a control chip including said
sequencer.

23. A non-volatile memory system according to claim 8§,

wherein said memory system is a memory card; and

wherein the memory card has a memory chip including
said memory array and a control chip including said
sequencer.

24. A non-volatile memory system according to claim 1,

herein said sequencer has a memory for storing the
command procedures and conditions.
25. A non-volatile memory system according to claim 5,

wherein said sequencer has a memory for storing the
command procedures and conditions.
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26. A non-volatile memory system according to claim 8,

wherein said sequencer has a memory for storing the
command procedures and conditions.
27. A non-volatile memory formed on a single semicon-
ductor chip, comprising:

a plurality of memory cells, each memory cell including
a transistor, storing information by threshold voltage of
the transistor; and

a sequencer having a terminal to which commands are
supplied, and controlling a corresponding procedure to
put said plurality of memory cells into an erased state
or a written state in response to each of the commands;

wherein said sequencer includes a command procedure
which is started by one of the commands to perform an
operation of putting the threshold voltage of said plu-
rality of memory cells into a predetermined state; and

another operation of putting a part of said plurality of
memory cells, which are in the written state before the
one of the commands is supplied, and at least a selected
one of said memory cells, which is selected from said
plurality of memory cells after the one of the com-
mands is supplied, into the written state.
28. A non-volatile memory according to claim 27, further
comprising:
a word line to which said plurality of memory cells are
respectively coupled.
29. A non-volatile memory according to claim 28, further
comprising:
a data register coupled to said plurality of memory cells;

wherein after the one of the commands is applied, said
data register stores first data for said plurality of
memory cells on the basis of a second data read from
said plurality of memory cells and a third data indicat-
ing the at least a selected one of said memory cells.
30. A non-volatile memory according to claim 29,

wherein the erased state has a first state of threshold
voltage, and the written state has a second state of
threshold voltage; and

wherein the threshold voltage of the part of said plurality
of memory cells is temporarily between the first state
and the second state during the command procedure.

31. A non-volatile memory according to claim 29,

wherein the erased state is the first state of threshold
voltage, and the written state is the second state of
threshold voltage; and

wherein the threshold voltage of the part of said plurality
of memory cells is temporarily the first state during the
command procedure.
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