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(57) ABSTRACT

An EEPROM having a memory cell array in which electri-
cally programmable memory cells are arranged in a matrix
and each of the memory cells has three storage states,
includes a plurality of data circuits for temporarily storing
data for controlling write operation states of the plurality of
memory cells, a write circuit for performing a write opera-
tion in accordance with the contents of the data circuits
respectively corresponding to the memory cells, a write
verify circuit for confirming states of the memory cells set
upon the write operation, and a data updating circuit for
updating the contents of the data circuits such that a rewrite
operation is performed to only a memory cell, in which data
is not sufficiently written, on the basis of the contents of the
data circuits and the states of the memory cells set upon the
write operation. A write operation, a write verify operation,
and a data circuit content updating operation based on the
contents of the data circuits are repeatedly performed until
the memory cells are set in predetermined written states.
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MULTI-STATE EEPROM HAVING WRITE-
VERIFY CONTROL CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 5,570,315. The reissue appli-
cations that have been filed for the veissue of U.S. Pat. No.
5,570,315 include parent reissue application Ser. No.
09/134,897 filed on Aug. 17, 1998, and this reissue applica-
tion Ser. No. 11/451,590, which is a division of this parent
reissue application. In addition, reissue applications Ser.
No. 11/451,584 Ser. No. 11/451,585; Ser. No. 11/451,586;
Ser. No. 11/451,587; Ser. No. 11/451,588; Ser. No. 11/451,
589; Ser. No. 11/451,591; Ser. No. 11/451,592; and Ser. No.
11/451,593 have been filed as additional division reissue
applications of the above-noted parent reissue application
so as to be consistent with the Restriction Requirement
mailed in the above-noted parent reissue application on Apr.
20, 2006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrically program-
mable nonvolatile semiconductor memory device
(EEPROM) and, more particularly, to an EEPROM for per-
forming a multivalue storing operation for storing informa-
tion of two or more bits in one memory cell.

2. Description of the Related Art

As one of EEPROMSs, a NAND EEPROM which can be
integrated at a high density is known. In this NAND
EEPROM,; a plurality of memory cells are connected in
series with each other as one unit such that adjacent memory
cells have a source and a drain in common, and these
memory cells are connected to a bit line. A memory cell
generally has an FETMOS structure in which a charge accu-
mulation layer and a control gate are stacked. A memory cell
array is integrated and formed in a p-type well formed in a p-
or n-type substrate. The drain side of a NAND cell is con-
nected to a bit line through a selection gate, and the source
side is connected to a common source line through a selec-
tion gate. The control gates of memory cells are continu-
ously arranged in a row direction to form a word line.

The operation of this NAND-cell EEPROM is as follows.
A data write operation is sequentially performed from a
memory cell at a position farthest from the bit line. A high
voltage Vpp (=about 20 V) is applied to the control gate of a
selected memory cell, an intermediate voltage Vppm
(=about 10 V) is applied to the control gate and selection
gate of a memory cell closer to the bit line than the selected
memory cell, and a voltage of 0 V or an intermediate voltage
Vm (=about 8 V) is applied to the bit line in accordance with
data. When the voltage of 0 V is applied to the bit line, the
potential of the bit line is transferred to the drain of the
selected memory cell, and electrons are injected into the
charge accumulation layer of the selected memory cell. In
this case, the threshold voltage of the selected memory cell is
positively shifted. This state is represented by, e.g., “1”.
When the voltage Vm is applied to the bit line, electrons are
not effectively injected into the charge accumulation layer of
the selected memory cell, and, therefore, the threshold volt-
age of the selected memory cell is kept negative without
being changed. This state is an erased state, and is repre-
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sented by “0”. A data write operation is performed to
memory cells which share a control gate at once.

A data erase operation is performed to all the memory
cells in a NAND cell at once. More specifically, all the con-
trol gates are set to be 0V, and the p-type well is set to be 20
V. At this time, the selection gate, the bit line, and the source
line are set to be 20 V. In this manner, electrons are dis-
charged from the charge accumulation layers of all the
memory cells into the p-type well, and the threshold voltages
of the memory cells are negatively shifted.

A data read operation is performed as follows. That is, the
control gate of a selected memory cell is set to be 0V, the
control gates and selection gates of the remaining memory
cells are set to be a power supply potential Vce (e.g., 5V),
and it is detected whether a current flows in the selected
memory cell. Due to restrictions of the read operation, a
threshold voltage set upon a “1”-data write operation must
be controlled to fall within a range of 0 V to Vcc. For this
purpose, a write verify operation is performed to detect only
a memory cell in which data “1” is not sufficiently written,
and rewritten data is set such that a rewrite operation is per-
formed to only the memory cell in which data “1” is not
sufficiently written (bit-by-bit verify operation). The
memory cell in which data “1” is not sufficiently written is
detected by performing a read operation (verify read
operation) such that a selected control gate is set to be, e.g.,
0.5V (verify voltage).

More specifically, when the threshold voltage of the
memory cell has a margin with respect to 0V and is not set to
be 0.5 V or more, a current flows in the selected memory
cell, and the selected memory cell is detected as a memory
cell in which data “1” is not sufficiently written. Since a
current flows in a memory cell set to be a “0”-data-written
state, a circuit called a verify circuit for compensating the
current flowing in the memory cell is arranged to prevent the
memory cell from being erroneously recognized as a
memory cell in which data “1” is not sufficiently written.
This verify circuit executes a write verify operation at a high
speed. When a data write operation is performed while a
write operation and a write verify operation are repeated, a
write time for each memory cell is made optimum, and the
threshold voltage of each memory cell set upon a “1”-data
write operation is controlled to fall within a range of 0 V to
Vece.

In this NAND-cell EEPROM, in order to realize a multi-
value storing operation, for example, it is considered that
states set upon a write operation are set to be three states
represented by “0”, “17, and “2”. A “0”-data-written state is
defined as a state wherein the threshold voltage is negative, a
“17”-data-written state is defined as a state wherein the
threshold voltage ranges from 0 V to %2 Vcec, and a “2”-data-
written state is defined as a state wherein the threshold volt-
age ranges from Y2 Vcc to Vee. In a conventional verify
circuit, a memory cell set to be a “0”-data written state can
be prevented from being erroneously recognized as a
memory cell in which data “1” or “2” is not sufficiently
written.

However, the conventional verify circuit is not designed
for a multivalue storing operation. For this reason, assuming
that a memory cell set to be a data “2”-written state has a
threshold voltage equal to or higher than a verify voltage for
detecting whether data “1” is not sufficiently written and
equal to or lower than Y2 Vcc, when it is to be detected
whether data “1” is not sufficiently written, no current flows
in the memory cell, and the memory cell is erroneously rec-
ognized as a memory cell in which data “2” is sufficiently
written.
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In addition, in order to prevent erroneous recognition of a
memory cell in which data is not sufficiently written and to
perform a multivalue write verify operation, a verify write
operation is performed to set a memory cell, in which data
“1” is sufficiently written, in a “2”-data-written state, by
detecting whether the memory cell is a memory cell in which
data “2” is not sufficiently written. However, in this case, a
memory cell set to be a “2”-data-written state is set in a
“1”-data-written state at first and is then set in a “2”-data-
written state. For this reason, a longer time is required for the
write operation, and the write operation cannot be performed
at a high speed.

As described above, when a conventional NAND-cell
EEPROM is used for performing a multivalue storing
operation, and a bit-by-bit verify operation is performed by a
conventional verify circuit, an erroneous verify operation is
disadvantageously performed.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
EEPROM capable of storing multivalue information and
performing a write verify operation at high speed without
causing an erroneous verify operation.

According to a first aspect of the present invention, there
is provided a nonvolatile semiconductor memory device
capable of storing multivalue data, characterized by com-
prising a memory cell array in which memory cells which
can be electrically programmed and each of which has at
least three storage states are arranged in a matrix, a plurality
of' write data circuits for temporarily storing data for control-
ling write operation states of the plurality of memory cells in
the memory cell array, write means for simultaneously per-
forming a write operation to the plurality of memory cells in
accordance with contents of the data circuits respectively
corresponding to the plurality of memory cells, verify means
for simultaneously checking states of the plurality of
memory cells set upon the write operation, and means for
updating the contents of the write data circuits such that a
rewrite operation is performed to only a memory cell, in
which data is not sufficiently written, on the basis of the
contents of the data circuits and the states of the memory
cells set upon the write operation, wherein the write opera-
tion based on the contents of the data circuits, a write verify
operation, and an operation for updating the contents of the
write data circuits are repeatedly performed until the plural-
ity of memory cells are set in predetermined written states,
thereby electrically performing a data write operation.

According to a second aspect of the present invention,
there is provided a nonvolatile semiconductor memory
device having a memory cell array constituted by a plurality
of memory cells which are arranged in a matrix and each of
which can be electrically programmed, each of the memory
cells having arbitrary data “1” (i=0, 1, . . . , n—1: n=3) as at
least three storage states, and a storage state corresponding
to data “0” being an erasure state, characterized by compris-
ing a plurality of data circuits each serving as a sense ampli-
fier and having a function of storing sensed information as
data for controlling a write operation state of a correspond-
ing memory cell, write means for simultaneously perform-
ing a write operation to the plurality of memory cells a in
accordance with contents of the data circuits respectively
corresponding to the plurality of memory cells, ith (i=1,
2, ..., n-1) write verify means for simultaneously checking
whether the storage state of each of the plurality of memory
cells set upon the write operation becomes a storage state of
data “i”, ith (i=1, . . ., n—1) data circuit content simultaneous
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updating means for simultaneously updating the contents of

data circuits corresponding to a memory cell in which data

“1” is to be stored, such that a rewrite operation is performed

to only a memory cell, in which data is not sufficiently

written, on the basis of the contents of the data circuits and
the storage states of the memory cells after the write
operation, and data circuit content updating means for per-
forming a storage checking operation performed by the ith
write verify means and a simultaneous updating operation
performed by the ith data circuit content simultaneous
updating means, from data “1” to data “n—1"n-1 times so as
to update the contents of all the plurality of data circuits,
wherein the ith data circuit content simultaneous updating
means, of bit line potentials at which the storage states of the
memory cells set upon a write operation are output by the ith

write verify means, a bit line potential corresponding to a

memory cell in which data “i” (i21) is to be stored is sensed/

stored as rewrite data, and for bit lines corresponding to
memory cells in which data except for data “i” are to be
stored the bit line potential at which the state of the memory
cell set upon the write operation is output is corrected in
accordance with the contents of the data circuits so as to
sense/store to hold the contents of data circuit, holding the
data storage states of the data circuits until the bit line poten-
tials are corrected, operating the data circuits as sense ampli-
fiers while the corrected bit line potentials are held, and
simultaneously updating the contents of the data circuit cor-
responding to the memory cell in which data “i” is to be
stored, and a write operation and a data circuit content
updating operation based on the contents of the data circuits
are repeatedly performed until the memory cells are set in
predetermined written states, thereby electrically perform-
ing a data write operation.

Preferred embodiments of the present invention will be
described below.

(1) The data circuits control write operation states of the
memory cells in accordance with data stored in the data
circuits in a write operation to perform control such that
the states of the memory cells are changed into predeter-
mined written states or the states of the memory cells are
held in states set prior to the write operation.

(2) For a data circuit corresponding to a memory cell to be
set in an ‘4”-data-written state, an ith data circuit content
simultaneous updating means changes data of the data
circuit into data for controlling the state of the memory
cell to hold the state of the memory cell in a state set prior
to the write operation when memory cells corresponding
to a data circuit in which data for changing a memory cell
into an “i’-data-written state is stored reach an “i”’-data-
written state, sets data for controlling the state of the
memory cell to change the state of the memory cell into
the “i”-data-written state in the data circuit when the
memory cell corresponding to the data circuit in which
data for changing a memory cell into an “i”-data-written
state is stored does not reach the “4i”-data-written state,
and sets data for controlling the state of the memory cell
to hold the state of the memory cell set prior to the write
operation when the data circuit stores data for controlling
the state of the memory cell to hold the state of the
memory cell in the state set prior to the write operation,
and the ith data circuit content simultaneous updating
means does not change contents of the data circuits corre-
sponding to the memory cells in which data except for
data “i” are to be stored.

(3) Each of the memory cells is constituted by stacking and
forming a charge accumulation layer and a control gate on
a semiconductor layer and stores arbitrary data “1” (i=0,
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1, ..., n-1; n=3) as at least three storage states and as
multivalue data using magnitudes of threshold voltages,
and the ith write verify means applies a predetermined ith
verify potential to the control gate to verify whether a
threshold voltage of a memory cell set to be the “i”’-data-
written state is a desired threshold voltage.

(4) A storage state corresponding to data “0” is an erased
state, a difference between the threshold voltage corre-
sponding to the data “n-1" state and the threshold voltage
corresponding to a data “0” state is a maximum, and
threshold voltages corresponding to data “17, “2”, . . .,
“”, ..., “n-2" states range from the threshold voltage

corresponding to the data “0” state to the threshold volt-

age corresponding to the data “n-1" state, and the thresh-
old voltages corresponding to the data “17, “2”, .. .,

“17, ..., “n=2" states are ordered from the threshold

voltage corresponding to the data “0” state. The nonvola-

tile semiconductor memory device comprises a first bit
line potential setting circuit for, of a plurality of bit line
potentials at which states of memory cells set upon a write
operation are output by the ith write verify means, when
the data circuits sense a bit line potential corresponding to
a data circuit whose contents are data for controlling the
states of the memory cells to hold the states of the
memory cells in states set prior to the write operation,
setting the bit line potential to be a first correction bit line
potential which becomes data for controlling the states of
the memory cells to hold states of the memory cells in
states set prior to the write operation, and a jth bit line
potential setting circuit for, of bit line potentials corre-
sponding to memory cells set to be data “j”-written states
(i+1=j) among bit line potentials at which states of the
memory cells set upon a write operation are output by the
ith (1=i=n-2) write verify means, when a data circuit
senses only a bit line potential corresponding to a data
circuit whose contents are data for controlling states of
memory cells to set the states of the memory cells in data

“j”-written states, setting the bit line potential in a second

correction bit line potential which becomes data for con-

trolling the states of the memory cells to change the states

of the memory cells into the data “j”-written states,
wherein, to update the contents of the data circuits, a blt
line potential at which states of the memory cells set upon
a write operation are output by an ith write verify opera-
tion is corrected by the first, (i+1)th, (i+2)th, . . ., (n-1)th
bit line potential setting circuits.

(5) Each of the data circuits is constituted by a first data
storage unit for storing information indicating whether a
state of a memory cell is held in a state set prior to a write
operation and a second data storage unit for, when the
information of the first data storage unit is not information
for controlling the state of the memory cell to hold the
state of the memory cell in a state set prior to the write
operation, storing information indicating a written state
“” (i=1, 2, ..., n-1) to be stored in the memory cell, the
first data storage unit having a function of sensing/storing
bit line potentials which are corrected by the first, (i+1)th,
(i+2)th , , (n—=1)th bit line potential setting circuits in
accordance with the contents of the data circuits to per-
form the data circuit content updating operation and at
which the storage states of the memory cells set upon the
write operation are output by the ith write verify opera-
tion.

(6) The nonvolatile semiconductor memory device com-
prises a write prevention bit line voltage output circuit for,
when the information of the first data storage unit is infor-
mation for controlling the state of the memory cells to
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hold the state of the memory cells in states set prior to a
write operation, outputting a write prevention bit line volt-
age to a bit line in the write operation, and an ith (i=1
2, ..., n-1) bit line voltage output circuit for, when the
information of the first data storage unit is not information
for controlling the states of the memory cells to hold the
states of the memory cells in the states set prior to the
write operation, outputting a bit line voltage in an ith write
operation in accordance with information indicating a
written state “i” to be stored in a memory cell of the sec-
ond data storage unit.

(7) The first bit line potential setting circuit and the write
prevention bit line voltage output circuit are common first
bit line voltage control circuits. The input voltage of each
of the common first bit line voltage control circuits has an
input voltage whose output is to be a write prevention bit
line voltage in a write operation and a first correction bit
line potential in a data circuit content updating operation.
The jth (j=2, 3, . . ., n—-1) bit line potential setting circuit
and the jth write bit line voltage output circuit are com-
mon jth bit line voltage control circuits. Each of the com-
mon jth bit line voltage control circuits has an input whose
output is to be a jth write bit line voltage in the write
operation and a second correction bit line potential in a
data circuit content updating operation.

(8) Each of the memory cells is constituted by stacking and
forming a charge accumulation layer and a control gate on
a semiconductor layer, and the memory cells are con-
nected in series with each other as units each constituted
by a plurality of memory cells to form NAND-cell struc-
tures.

(9) Each of the memory cells is constituted by stacking and
forming a charge accumulation layer and a control gate on
a semiconductor layer, thereby forming a NOR-cell struc-
ture.

A multivalue (n-value) storage type EEPROM according
to the first and second aspects of the present invention is
constituted such that a verify read operation is performed
through n-1 basic operation cycles. An erased state is repre-
sented by data “0”, and multivalue levels are represented by
“07, “17, , %1%, ..., “n=1" in an order from a small
threshold Voltage In thls case, an ith cycle is constituted to
verify whether an “i”-data write operation is sufﬁmently per-
formed. For this reason, the EEPROM comprises a verify
potential generation circuit for applying a predetermined
verify voltage at an level in the ith cycle such that a current
flows in a memory cell having a selected control gate when
an “1”-data write operation is sufficiently performed, and a
sense amplifier for detecting a bit line voltage to determine
whether a write operation is sufficiently performed. In the ith
cycle, the bit line of a memory cell in which data “0”, . . .,
“i=1" are written has a first verify circuit such that the cur-
rent of the memory cell is compensated for when it is
detected that the data are sufficiently written in the memory
cell and the current of the memory cell is not compensated
for when it is detected that the data are not sufficiently writ-
ten in the memory cell. In the ith cycle, for the bit line of a
memory cell in which data “i+1”, . . ., “n-1" are written, the
current of the memory cell is compensated for by the first
verify circuit when it is detected that the data are sufficiently
written in the memory cell in advance and a second verify
circuit for setting a bit line voltage is installed such that the
current of the memory cell flows when it is detected that the
data are not sufficiently written in the memory cell.

The EEPROM comprises a first data storage unit for stor-
ing data indicating whether data is sufficiently written and a
second data storage unit for storing whether a multivalue
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level to be written is any one of data “1”, . . ., “n-1". The
first data storage unit also has the function of a sense ampli-
fier for detecting whether data is sufficiently written. In
addition, the EEPROM is characterized by comprising a bit
line write voltage output circuit for outputting a bit line volt-
age in a write operation in accordance with a desired written
state such that, when there is memory cell which does not
reach a predetermined written state, a rewrite operation is
performed to only this memory cell.

According to the present invention, after a multivalue data
write operation is performed, it is detected whether the writ-
ten states of memory cells reach their desired multivalue
level states. When there is a memory cell which does not
reach its desired multivalue level state, a bit line voltage in a
write operation is output in accordance with a desired writ-
ten state such that a rewrite operation is performed to only
this memory cell. The write operation and the verify read
operation are repeated, and a data write operation is ended
when all the memory cells reach their desired written states,
respectively.

As described above, according to the present invention, a
time for performing one write cycle is shortened, and a write
operation is repeated many times within a short time while
the degree of progress of a written state is checked, so that
the range of the threshold voltage distribution of a memory
cell in which a data write operation is finally ended can be
narrowed at a high speed.

According to a third aspect of the present invention, a bit
line potential in a read operation is controlled to exhibit the
threshold voltage of a memory cell. A common source line is
set to be 6V, a voltage of 2 V is applied to a selected control
gate, and the potential of the common source line is trans-
ferred to the bit line. When the bit line potential reaches a
certain value, a current flowing in the memory cell is
stopped, and the bit line potential is given as a value obtained
by subtracting the threshold voltage of the memory cell from
the control gate voltage of 2 V. When the bit line potential is
3V, the threshold voltage of the memory cell is -1 V. A
non-selected control gate and a selection gate are set to be 6
V such that the bit line potential is not determined by the
potential of the non-selected memory cell or a selection tran-
sistor.

An erased state is represented by data “0”, multivalue
levels are represented by “0”, “1”,...,“1", ..., “n—-1"inan
order from a small threshold voltage. In this case, since a
verify read operation simultaneously verifies whether all
data “i” are sufficiently written, a reference potential used
when a bit line voltage is sensed is set in accordance with the
written data. In addition, as in “0”-data write operation, a
verify circuit is arranged such that the current of the memory
cell is compensated for when it is detected that the data are
sufficiently written in the memory cell and the current of the
memory cell is not compensated for when it is detected that
the data are not sufficiently written in the memory cell. A
first data storage unit for storing data indicating whether data
is sufficiently written and a second data storage unit for stor-
ing whether a multivalue level to be written is any one of
data “1”, ..., “n-1" are arranged. The first data storage unit
also serves as a sense amplifier for detecting whether data is
sufficiently written. In addition, a multivalue (n-value) stor-
age type NAND-cell EEPROm according to a nonvolatile
semiconductor memory device is characterized by compris-
ing a bit line write voltage output circuit for outputting a bit
line voltage in a write operation in accordance with a desired
written state such that, when there is memory cell which
does not reach a predetermined written state, a rewrite
operation is performed to only this memory cell.
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More specifically, a nonvolatile semiconductor memory
device according to the third aspect of the present invention
includes, as a basic arrangement, a nonvolatile semiconduc-
tor memory device comprising a memory cell array in which
the memory cells, each of which is constituted by stacking a
charge accumulation layer and a control gate on a semicon-
ductor layer and can be electrically programmed to store at
least three data as multivalue data of threshold voltages of
the memory cell, are arranged in a matrix, threshold voltage
detection means for charging a bit line connected to the
memory cells so that charging is made through the memory
cells and outputting the multivalue data of the memory cell
as multivalue level potentials to the bit line, and a sense
amplifier for sensing potentials of the bit line charged by the
threshold voltage detection means, and the nonvolatile semi-
conductor memory device is characterized by the following
embodiments.

(1) The nonvolatile semiconductor memory device is charac-
terized in that the memory cells are connected in series
with each other as units each constituted by memory cells
to form a plurality of NAND-cell structures each having
one terminal connected to the bit line through a first selec-
tion gate and the other terminal connected to a source line
through a second selection gate, the threshold voltage
detection means transfers a source line voltage to the bit
line through a corresponding NAND cell to charge the bit
line, and non-selected control gate voltages and first and
second selection gate voltages are controlled such that
voltage transfer capabilities of non-selected memory cells
and first and second selection transistors are sufficiently
increased to determine a bit line voltage at a threshold
voltage of a selected memory cell.

(2) The nonvolatile semiconductor memory device com-
prises the plurality of data circuits each functioning as the
sense amplifier and having a function of storing sensed
information as data for controlling write operation states
of the memory cells, the write means for performing a
write operation in accordance with contents of the data
circuits respectively corresponding to the plurality of
memory cells in the memory cell array, the write verify
means which uses the threshold voltage detection means
to check whether states of the plurality of memory cells
set upon the write operation are storage states of desired
data, and the data circuit content simultaneous updating
means for simultaneously updating the contents of the
data circuits such that a rewrite operation is performed to
only a memory cell, in which data is not sufficiently
written, on the basis of the contents of the data circuits and
the states of the memory cells after a write operation,
wherein the data circuit content simultaneous updating
means corrects a bit line potential at which the storage
states of the memory cells set upon the write operation are
output in accordance with the contents of the data circuits
to sense/store the bit line potential as rewrite data, holds
the data storage states of the data circuits until the bit line
potential is corrected, operates the data circuits as sense
amplifiers while the corrected bit line potential is held,
and simultaneously updates the contents of the data
circuits, and a write operation and a data circuit content
simultaneous updating operation based on the contents of
the data circuits are repeatedly performed until the
memory cells are set in predetermined written states,
thereby electrically performing a write operation.

(3) The data circuits control write operation states of the
memory cells in accordance with data stored in the data
circuits in a write operation to perform control such that
the states of the memory cells are changed into predeter-
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mined written states or the states of the memory cells are
held in states set prior to the write operation, and the data
circuit content simultaneous updating means changes data
of the data circuits into data for holding the states of the
memory cells in states set prior to the write operation
when a memory cell corresponding to a data circuit in
which data for controlling the memory cells to change the
memory cells to have predetermined written states is
stored reaches a predetermined written state, sets data for
controlling the memory cells to change the memory cells
to have predetermined written states in the data circuits
when the memory cell corresponding to the data circuit in
which data for controlling the memory cells to change the
memory cells to have predetermined written states is
stored does not reach the predetermined written state, and
sets data for controlling the states of the memory cells to
hold the states of the memory cells in the states set prior to
the write operation in the data circuits, when data for con-
trolling the states of the memory cells to hold the states of
the memory cells in the states set prior to the write opera-
tion is stored in the data circuits.

(4) The nonvolatile semiconductor memory device com-

prises a bit line potential setting circuit for, of bit line
potentials at which states of the memory cells set upon the
write operation are output by the threshold voltage detec-
tion means, when only a bit line potential corresponding
to the data circuits whose contents are data for controlling
the states of the memory cells to hold the states of the
memory cells in the states set prior to the write operation
is sensed by the data circuits, setting a correction bit line
potential at which data for controlling the states of the
memory cells to hold the states of the memory cells in the
states set prior to the write operation is obtained, and
wherein, to perform the data circuit content simultaneous
updating operation, a bit line potential at which the states
of the memory cells set upon the write operation are out-
put with the threshold voltage detection means is cor-
rected by the bit line potential setting circuit in accor-
dance with the contents of the data circuits.

(5) For the nonvolatile semiconductor memory device in

which one of the memory cells has at least three storage
data “i” (i=0, 1, . . ., n—-1) to perform a multivalue storing
operation, a storage state corresponding to data “0” being
an erased state, each of the data circuits is constituted by a
first data storage unit for storing information indicating
whether a state of a memory cell is held in a state set prior
to a write operation and a second data storage unit for,
when the information of the first data storage unit is not
information for controlling the state of the memory cell
such that the state of the memory cell is held in a state set
prior to the write operation, storing information indicating
a written state “i” (i=1, 2, . . ., n-1) to be stored in the
memory cell, and the first data storage unit having a func-
tion of sensing/storing bit line potentials which are cor-
rected by the bit line potential setting circuits in accor-
dance with the contents of the data circuits to perform the
data circuit content updating operation and at which the
storage states of the memory cells set upon the write
operation are output with the threshold voltage detection
means.

(6) The first data storage unit has a function of comparing a
reference voltage with a bit line voltage to sense a bit line
potential and a function of sensing/storing a bit line poten-
tial which is corrected by the bit line potential setting
circuit in accordance with the contents of the data circuits
using a reference voltage corresponding to the contents of
the data circuits and at which states of the memory cells
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set upon the write operation are output by the threshold

voltage detection means.

(7) The nonvolatile semiconductor memory device com-
prises a write prevention bit line voltage output circuit for
outputting a write prevention bit line voltage to a bit line
in a write operation when the information of the first data
storage unit is information for controlling the states of the
memory cells to hold the states of the memory cells in
states before the write operation, and an ith write bit line
voltage output circuit for outputting a bit line voltage in an
ith write operation in accordance with information of the
second data storage unit indicating data “i” (i=1,2, ...,
n-1) to be stored in the memory cell when the information
of'the first data storage unit is not information for control-
ling the states of the memory cells to hold the states of the
memory cells in states set prior to the write operation.

(8) The nonvolatile semiconductor memory device com-
prises data inverting means for inverting data of the first
data storage unit for activating the bit line potential setting
circuit before the activation of bit line potential setting
circuit, when the data of the first data storage unit for
activating the bit line potential setting circuit has been
inverted to the data of the first data storage unit for activat-
ing the write prevention bit line voltage output circuit.

In the third aspect of the present invention, after a multi-
value data write operation is performed, it is simultaneously
detected whether the written states of the memory cells
reach their multivalue level states, respectively. When there
is a memory cell which does not reach its desired multivalue
level, a bit line voltage in a write operation is output in
accordance with a desired written state such that a rewrite
operation is performed only to this memory cell. The write
operation and a verify read operation are repeated, and a data
write operation is ended when it is confirmed that all the
memory cells reach their desired written states, respectively.

As described above, according to the present invention, a
time for performing one write cycle is shortened, and a write
operation is repeated many times within a short time while
the degree of progress of a written state is checked, so that
the range of the threshold voltage distribution of a memory
cell in which a data write operation is finally ended can be
narrowed at a high speed.

Additional objects and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice
of'the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumentali-
ties and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1 is a block diagram showing the schematic arrange-
ment of an EEPROM according to the first and second
embodiments of the present invention;

FIG. 2 is a circuit diagram showing the detailed arrange-
ment of a memory cell array in the first embodiment;

FIG. 3 is a circuit diagram showing the detailed arrange-
ment of a bit line control circuit in the first embodiment;

FIG. 4 is a timing chart showing a read operation in the
first embodiment;
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FIG. 5 is a timing chart showing a write operation in the
first embodiment;

FIG. 6 is a timing chart showing a verify read operation in
the first embodiment;

FIGS. 7A and 7B are timing charts showing data input/
output operations in the first and second embodiments;

FIG. 8 is a view showing the concept of a page serving as
a write/read unit in the first and second embodiments;

FIGS. 9A and 9B are flow charts showing a data write
algorithm and an additional data write algorithm in the first
and second, embodiments, respectively;

FIG. 10 is a graph showing the write characteristics of the
memory cell in the first embodiment;

FIG. 11 is a circuit diagram showing the arrangements of
a memory cell array and a bit line control circuit in the
second embodiment;

FIG. 12 is a timing chart showing a read operation in the
second embodiment;

FIG. 13 is a timing chart showing a write operation in the
second embodiment;

FIG. 14 is a timing chart showing a verify read operation
in the second embodiment;

FIG. 15 is a graph showing the write characteristics of the
memory cell in the second embodiment;

FIG. 16 is a circuit diagram showing a modification of the
bit line control circuit in the first embodiment;

FIG. 17 is a circuit diagram showing a modification of the
bit line control circuit in the second embodiment;

FIG. 18 is a view showing a unit for an additional data
write operation in the first and second embodiments;

FIGS. 19A and 19B are circuit diagrams showing the
detailed arrangement of an inverter portion shown in FIG. 3;

FIG. 20 is a circuit diagram showing the arrangement of a
NAND cell array according to the third embodiment of the
present invention;

FIGS. 21A and 21B are a circuit diagram and a chart,
respectively, showing the read operation of the NAND cell in
the third embodiment;

FIG. 22 is a graph showing the relationship between a bit
line output voltage in a read operation and the threshold
voltage of a memory cell in the third embodiment;

FIG. 23 is a graph showing the relationship between a bit
line output voltage in a read operation and a write time in the
third embodiment;

FIG. 24 is a graph showing the relationship between data
and a bit line output voltage in a read operation when a
binary storing operation is performed to one memory cell in
the third embodiment;

FIG. 25 iS a graph showing the relationship between data
and a bit line output voltage in a read operation when a
ternary storing operation is performed to one memory cell in
the third embodiment;

FIG. 26 is a circuit diagram showing the arrangement of a
NOR cell array according to the fourth embodiment of the
present invention;

FIGS. 27A and 27B are a circuit diagram and a chart,
respectively, showing the read operation of a NOR cell in the
fourth embodiment;

FIG. 28 is a graph showing the relationship between a bit
line output voltage in a read operation and the threshold
voltage of a memory cell in the fourth embodiment;

FIG. 29 is a graph showing the relationship between the
bit line output voltage in a read operation and a write time in
the fourth embodiment;
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FIG. 30 is a graph showing the relationship between data
and a bit line output voltage in a read operation when a
binary storing operation is performed to one memory cell in
the fourth embodiment;

FIG. 31 is a graph showing the relationship between data
and a bit line output voltage in a read operation when a
ternary storing operation is performed to one memory cell in
the fourth embodiment;

FIG. 32 is a block diagram showing the arrangement of an
EEPROM according to the third and fourth embodiments;

FIG. 33 is a circuit diagram showing the arrangements of
a memory cell array and a bit line control circuit in the third
embodiment;

FIG. 34 is a timing chart showing a read operation in the
third embodiment;

FIG. 35 is a timing chart showing a write operation in the
third embodiment;

FIG. 36 is a timing chart showing a verify read operation
in the third embodiment;

FIG. 37 is a circuit diagram showing the arrangements of
amemory cell array and a bit line control circuit in the fourth
embodiment;

FIG. 38 is a timing chart showing a read operation in the
fourth embodiment;

FIG. 39 is a timing chart showing a write operation in the
fourth embodiment;

FIG. 40 is a timing chart showing a verify read operation
in the fourth embodiment; and

FIG. 41 is a circuit diagram showing the arrangement of a
column decoder in the third and fourth embodiments.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the accompanying drawings.

FIG. 1 is a block diagram showing the schematic arrange-
ment of a NAND-cell EEPROM according to the first
embodiment of the present invention.

A bit line control circuit 2 for controlling a bit line in a
read/write operation and a word line drive circuit 7 for con-
trolling a word line potential are arranged for a memory cell
array 1. The bit line control circuit 2 and the word line drive
circuit 7 are selected by a column decoder 3 and a row
decoder 8, respectively. The bit line control circuit 2 receives
and outputs read/write data from/to an input/output data con-
version circuit 5 through a data input/output line (IO line).
The input/output data conversion circuit 5 converts readout
multivalue information of a memory cell into binary infor-
mation to externally output the multivalue information, and
converts the binary information of externally input write
data into the multivalue information of a memory cell. The
input/output data conversion circuit 5 is connected to a data
input/output buffer 6 for controlling a data input/output
operation with an external circuit. A data write end detection
circuit 4 detects whether a data write operation is ended. A
write control signal generation circuit 9 supplies a write con-
trol signal to the bit line control circuit 2 and the word line
drive circuit 7. A write verify control signal generation cir-
cuit 10 supplies a write verify control signal to the bit line
control circuit 2 and the word line drive circuit 7. A data
update control signal generation circuit 11 supplies a data
update control signal to the bit line control circuit 2.

FIGS. 2 and 3 show the detailed arrangements of the
memory cell array 1 and the bit line control circuit 2.
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Memory cells M1 to M8 and selection transistors S1 and S2
constitute a NAND cell. One terminal of the NAND cell is
connected to a bit line BL, and the other terminal is con-
nected to a common source line Vs. Selection gates SG1 and
SG2 and control gates CG1 to CG8 are shared by a plurality
of NAND cells, and memory cells which share one control
gate constitute a page. Each memory cell stores data at a
threshold voltage Vt thereof. The memory cell stores data
“0” indicating that the threshold voltage Vt is lower than 0V,
stores data “1” indicating that the threshold voltage Vt is
greater than O V and lower than 1.5 V, and stores data “2”
indicating that the threshold voltage Vt is greater than 1.5V
and lower than a power supply voltage. One memory cell
can have three states, and nine combinations can be obtained
by two memory cells. Of these nine combinations, eight
combinations are used, and data of three bits are stored in the
two memory cells. In this embodiment, data of three bits are
stored in a pair of adjacent memory cells which share a
control gate. In addition, the memory cell array 1 is formed
on a dedicated p-type well.

In the bit line control circuit in FIG. 3, clocked synchro-
nous inverters CI1 and CI2 and clocked synchronous invert-
ers CI3 and Cl4 constitute flip-flops, respectively, and these
flip-flops latch write/read data. The flip-tflops are also oper-
ated as sense amplifiers. The flip-flop constituted by the
clocked synchronous inverters CI1 and CI2 latches write
data information indicating whether data “0” or data “1” or
“2” 1is to be written, and latches read data information indi-
cating whether a memory cell stores the information of data
“0” or the information of data “1” or “2”. The flip-flop con-
stituted by the clocked synchronous inverters CI3 and CI4
latches write data information indicating whether data “1” or
“2” 1is to be written, and latches read data information indi-
cating whether a memory cell stores the information of data
“2” or the information of data “0” or “1”.

Of n-channel MOS transistors, an n-channel MOS transis-
tor Qnl transfers a voltage VPR to a bit line when a pre-
charge signal PRE goes to “H” level. When a bit line connec-
tion signal BLC goes to “H” level, an n-channel MOS
transistor Qn2 connects the bit line to a main bit line control
circuit. N-channel MOS transistors Qn3 to Qné6 and Qn9 to
Qnl2 selectively transfer voltages VBLH, VBLM, and
VBLL to the bit line in accordance with the data latched in
the above flip-flops. When signals SAC2 and SAC1 go to
“H” level, n-channel MOS transistors Qn7 and Qn8 respec-
tively connect the flip-flops to the bit line. An n-channel
MOS transistor Qn13 is arranged to detect whether all the
data of one page latched in the flip-flops are identical to each
other. When column selection signals CSL1 and CSL.2 go to
“H” level, n-channel MOS transistors Qnl4 and Qn15 selec-
tively connect a corresponding one of the flip-flops to data
input/output line IOA or IOB, and n-channel MOS transis-
tors Qn16 and Qn17 selectively connect a corresponding one
of the flip-flops to the data input/output line IOA or

Although an inverter portion is roughly shown in FIG. 3 as
shown in FIG. 19(a), the inverter portion has the circuit
arrangement shown in FIG. 19(b).

The operation of the EEPROM arranged as described
above will be described below with reference to FIGS. 4 to
6. FIG. 4 shows read operation timings, FIG. 5 shows write
operation timings, and FIG. 6 shows verify read operation
timings. Each of FIGS. 4, 5, and 6 shows a case wherein the
control gate CG4 is selected.

A read operation is executed by two basic cycles. In the
first read cycle, the voltage VPR becomes a power supply
voltage Vce to precharge the bit line, and the precharge sig-
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nal PRE goes to “L” level to cause the bit line to float.
Subsequently, the selection gates SG1 and SG2 and the con-
trol gates CG1 to CG3 and CGS to CG8 are set to be the
power supply voltage Vcc. At the same time, the control gate
CG4 is set to be 1.5 V. Only when the threshold voltage of a
selected memory cell is set to be 1.5V or more, i.e., data “2”
is written in this memory cell, the bit line is kept at “H” level.

Thereafter, sense activation signals SEN2 and SEN2B go
to “L” level and “H” level, respectively, and latch activation
signals LAT2 and LAT2B go to “L” level and “H” level,
respectively, thereby resetting the flip-flop constituted by the
clocked synchronous inverters CI3 and CI4. The signal
SAC2 goes to “H” level to connect the flip-flop constituted
by the clocked synchronous inverters CI3 and CI4 to the bit
line. After the sense activation signals SEN2 and SEN2B go
to “H” level and “L.” level, respectively, to sense a bit line
potential, the latch activation signals LAT2 and LAT2B go to
“H” level and “L” level, respectively, and the information of
data “2” or data “1” or “0” is latched in the flip-flop consti-
tuted by the clocked synchronous inverters CI3 and CI4.

In the second read cycle, unlike the first read cycle, the
voltage of the selection control gate CG4 is not set to be 1.5
V but is set to be 0 V, and signals SEN1, SEN1B, LAT1,
LAT1B, and SAC1 are output in place of the signals SEN2,
SEN2B, LAT2, LAT2B, and SAC2. Therefore, in the second
read cycle, the information of data “0” or data “1” or “2” is
latched in the flip-flop constituted by the clocked synchro-
nous inverters CI1 and CI2.

Data written in the memory cells are read out by the two
read cycles described above.

The data of the memory cells are erased prior to a data
write operation, and the threshold voltage Vt of each of the
memory cells is set to be less than 0 V. The p-type well, the
common source line Vs and, the selection gates SG1 and
SG2 are set to be 20V, and the control gates CG1 to CG8 are
set to be 0V, thereby performing an erase operation.

In the write operation, the precharge signal PRE goes to
“L” level to cause the bit line to float. The selection gate SG1
and the control gates CG1 to CG8 are set to be Vee. The
selection gate SG2 is set to be 0V during the write operation.
At the same time, signals VRFY1, VRFY2, FIM, and FIH
are set to be Vce. In a “0”-data write operation, since the
flip-flop constituted by the clocked synchronous inverters
CI1 and CI2 latches data such that an output from the
clocked synchronous inverter CI1 is set at “H” level, the bit
line is charged by the voltage Vcc. In the “17- or “2”-data
write operation, the bit line is set to be O V.

Subsequently, the selection gate SG1, the control gates
CG1 to CGS, the signals BLC and VRFY1, and a voltage
VSA are set to be 10V, the voltage VBLH is set to be 8 V,
and the voltage VBLM is set to be 1 V. In the “1”-data write
operation, since the flip-flop constituted by the clocked syn-
chronous inverters CI3 and CI4 latches data such that an
output from the clocked synchronous inverter CI3 goes to
“H” level, a voltage of 1V is applied to the bit line BL. In a
“2”-data write operation, the bit line is set to be 0 V. In a
“0”-data write operation, the bit line is set to be 8 V.
Thereafter, the selected control gate CG4 is set to be 20 V.

In a “1”- or “2”-data write operation, electrons are
injected into the charge accumulation layers of the memory
cells by the potential difference between the bit line BL and
the control gate CG4. In the “1”-data write operation,
amounts of charges to be injected into the charge accumula-
tion layers of the memory cells must be smaller than those in
the “2”-data write operation. For this reason, the bit line BL,
is set to be 1 V to relax the potential difference between the
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bit line BL. and the control gate CG4 to 19 V. However, even
when the potential difference is not relaxed, the same effect
as described above can be obtained by adjusting a write time.
In a “0”-data write operation, the threshold voltages of the
memory cells are not effectively changed by a bit line volt-
age of 8 V.

Upon completion of the write operation, the selection gate
SG1 and the control gates CG1 to CG8 are set to be 0V, and
then the voltage of the bit line BL set to be 8 V in the
“07”-data write operation is reset to 0 V with a time lag. This
is because, when the order of the setting operations is
reversed, a “2”- or “1”-data-written state is temporarily set,
and erroneous data is written in the “0”-data write operation.

After the write operation, a verify read operation is per-
formed to check the written state of the memory cell and
perform an additional write operation to only a memory cell
in which data is not sufficiently written. During the verify
read operation, the voltages VBLH, VBLL, and FIM are set
to be Vee, 0V, and 0V, respectively.

The verity read operation is executed by two basic cycles.
Each of the basic cycles is almost identical to the second
read cycle except that the voltage of the selected control gate
CG4 and signals VRFY1, VRFY2, and FIH are output (only
the signal VRFY1 is output in the first verify read cycle).
The signals VRFY1, VRFY2, and FIH are output before the
signals SEN1, SEN1B, LAT1, and LAT1B go to “L” level,
“H” level, “L” level and “H” level, respectively, after the
selection gates SG1 and SG2 and the control gates CG1 to
CG8 are reset to 0 V. In other words, the signals VRFY1,
VRFY2, and FIH are output before the flip-flop constituted
by the clocked synchronous inverters CI1 and CI2 is reset
after the potential of the bit line is determined by the thresh-
old voltages of the memory cells. The potential of the
selected control gate CG4 is set to be 2 'V (first cycle) and 0.5
V (second cycle) in the verify read operation which are
higher than 1.5V (first cycle) and 0 V (second cycle) in the
read operation to assure a threshold voltage margin of 0.5 V.

In this case, data (data 1) latched in the flip-flop consti-
tuted by the clocked synchronous inverters CI1 and CI2, data
(data 2) latched in the flip-flop constituted by the clocked
synchronous inverters CI3 and CI4, and the voltage of the bit
line BL determined by the threshold voltage of a selected
memory cell will be described below. The data 1 controls a
“0”-data write operation or a “17”- or “2”-data write opera-
tion. The n-channel MOS transistor Qn3 is set in an “ON”
state when the “0”-data write operation is performed, and the
n-channel MOS transistor Qn6 is set in an “ON” state when
“17- or “2”-data write operation is performed. The data 2
controls a “1”-data write operation or a “2”-data write opera-
tion. The n-channel MOS transistor Qn10 is set in an “ON”
state when the “17-data write operation is performed, and the
n-channel MOS transistor Qn11 is set in an “ON” state when
the “2”-data write operation is performed.

In the first verify read cycle in the “0”-data write opera-
tion (initial write data is data “0), the data of the memory
cell is data “0”. For this reason, when the control gate CG4 is
set to be 2 V, the memory cell causes a bit line potential to go
to “L” level. Thereafter, when signal VRFY1 goes to “H”
level, the potential of the bit line BL goes to “H” level.

In the first verify read cycle in the “1”-data write opera-
tion (initial write data is data “1”), since the data of the
memory cell is to be “1”, the threshold voltage of the
memory cell is less than 1.5 V. When the control gate CG4 is
set to be 2V, the memory cell causes the bit line potential to
go to “L” level. In this case, even when the initial write data
is data “1”, when data “1” is sufficiently written in the
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selected memory cell by the previously performed verity
read cycles, the data 1 is set to be data “0”. In this case, when
the signal VRFY1 goes to “H” level later, the potential of the
bit line BL goes to “H” level ((1) in FIG. 6). In cases except
for the above case, the potential of the bit line BL. goes to
“L” level ((2) in FIG. 6).

In the first verity read cycle in the “2”-data write opera-
tion (initial write data is data “2”), when the data of the
selected memory cell is not data (data “2” is not sufficiently
written), and the control gate CG4 is set to be 2 V, the
memory cell causes the bit line potential to go to “L” level
((5) in FIG. 6). When data “2” is sufficiently written in the
selected memory cell, even when the control gate CG4 is set
to be 2V, the bit line potential is kept at “H” level ((3) and
(4) in FIG. 6). (3) in FIG. 6 indicates a case wherein data “2”
is sufficiently written in the memory cell in advance, and the
data 1 is converted into data for controlling the “0”-data
write operation by the previously performed verify read
cycles. In this case, when the signal VRFY1 goes to “H”
level, the bit line BL is charged by the voltage VBLH again.

In the second verify read cycle in the “0”-data write
operation (initial write data is data “0”), the data of the
memory cell is data “0”. For this reason, when the control
gate CG4 is set to be 0.5 V, the memory cell causes the bit
line potential to go to “L”. Thereafter, when the signal
VRFY1 goes to “H” level, the potential of the bit line BL
goes to “H” level.

In the second verify read cycle in the “17-data write
operation (initial write data is data “1”), the data of the
selected memory cell is not data “1” (data “1” is not suffi-
ciently written), and the control gate CG4 is set to be 0.5V,
the memory cell causes the bit line potential to go to “L”
level ((8) in FIG. 6). When data “1” is sufficiently written in
the selected memory cell, even when the control gate CG4 is
set to be 0.5V, the bit line potential is kept at “H” level ((6)
and (7) in FIG. 6). (6) in FIG. 6 indicates a case wherein data
“1” is sufficiently written in the memory cell in advance by
previous verify read cycles, and the data 1 is converted into
data for controlling the “0”-data write operation. In this case,
when the signal VRFY1 goes to “H” level, the bit line BL is
charged by the voltage VBLH again.

In the second verify read cycle in the data “2” read opera-
tion (initial write data is data “2”), the data of the memory
cell is to be data “2”. For this reason, assuming that the
threshold voltage of the memory cell is 0.5 V or more, even
when data “2” is sufficiently written or is not sufficiently
written in the memory cell, and the control gate CG4 is set to
be 0.5V, the bit line potential is kept at “H” level ((9) and
(10) in FIG. 6). When data “2” is not sufficiently written in
the memory cell, and the threshold voltage of the memory
cell is 0.5V or less, the bit line potential goes to “L.” level
((11) in FIG. 6).

Thereafter, when the signals VRFY1, VRFY2, and FIH go
to “H” level, data “2” is sufficiently written, and the data 1 is
converted into data for controlling a “0”-data write
operation, the potential of the bit line BL. goes to “H” level
((9) in FIG. 6). In other cases except for the above case, the
potential of the bit line BL goes to “L” level ((10) and (11) in
FIG. 6).

With the above verify read operation, rewrite data are set
as shown in the following table (Table 1) on the basis of the
write data and the written states of the memory cells.
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TABLE 1 TABLE 3
Write Data 0 0 0 1 1 2 2 2 TOA Line Data
Cell Data 0 1 2 0 1 0 1 2
Rewrite Data 0 0 0 1 0 2 2 0 5 Cell Y, Cell Y2 Cell Output
Register Register Register Register Data Data
As is apparent from Table 1, data “1” is rewritten in only a
memory cell in which data “1” is not sufficiently written, and RI R2 RI R2 T X X X
data “2” is rewritten in only a memory cell in which “2” is 10 L L L L 0 0 0 0 0
not sufficiently written. In addition, when data are suffi- L L H H o 2 0 0 1
ciently written in all the memory cells, the n-channel MOS %I i g %I ? ; 8 } ?
transistors Qnl13 of all the columns are set in an “OFF” state, I L L L 1 0 1 0 0
and data write operation end information is output by a sig- H L H L 11 1 0 1
nal PENDB. 15 H H L L 20 1 1 0
FIGS. 7A and 7B show data input/output operation tim- g g g g ; i ! Poﬁmr !
ings. FIG. 7A shows a data input timing, and FIG. 7B shows flag
a data output timing. After three external data input cycles output
are performed, data to be input to the bit line control circuit 2
is. gene.:rate.:d and output from the input/output data conver- 2 Inthis embodiment, the level of the data input/output line
sion cireuit 5. External data (X,,X5,X;) of three bits are IOA in an input operation and the level of the data input/
cpnverted 1nto daFa (Y,.Y,) for two memory cel!s. In th? bit output line IOA in an output operation are inverted with
?{Iie con?toultc(lir;uliﬁ, tile iogverte(lllr data are set r;n a gﬁmeé respect to the same data.
constitute e clocked synchronous inverters an . .
CI2 and a regist};:r R2 constitu}t/ed by the clocked synchro- 25 Of nine comblnatlon.s Of th? two data (Yl’.Yz). of the
nous inverters CI3 and CI4. This setting is performed metnory cells,.one comblnat.lon.ls an extra combination. For
. . this reason, this extra combination can be used as file man-
through the data input/output lines IOA and IOB. Readout agement information such as pointer information. In this
data latched in the registers R1 and R2 are transferred to the c§se the pointer information cgrres onds to cell (iata Y
input/output data conversion circuit 5 through the data input/ v )=’ @ 2)p P b
output lines IOA and I0B, converted, and then output. Col- 30 =27 \™==7 . .
umn selection signals CSL1i and CSL.2i are set to be the FIG' 8 shgws the concept. of a page serving as a data write
same signal, and the data input/output lines IOA and IOB are unit yvhen viewed from a microprocessor or the like for con-
divided into two systems such that two registers of the same trolling an EEPROM. In .thls casc, One page 18 fleﬁned by N
column can be easily accessed at once. Therefore, an access bytes’ and addresses (log}cal addresses) when viewed from a
time can be effectively shortened. 35 m;lcroprogfss?ir tor .the.: hket: gri: reprlesented. For1 ez(lam.plei
when write data is input into only an area ogica
The following table (Table 2) shows the relationships addresses 0 to n), and n=pSm 2 (m=0,y1, 2,...)is sati;gﬁed,
between external data (X,.X,.X;) of three bits, two data (Y, data (X,,X,,X;) are always completed. For this reason, no
Y,) of the memory cells, aqd the data of the registers. R1and problem is posed. Since only data X, is input when n=3m,
RZ respectlv.ely corresponding to the dataY, and Y, in a data 40 data X,=0 and X;=0 are generated inside the EEPROM, so
Input operation. that data (X,,X,,X;) are input to the input/output data con-
version circuit 5. When n=3m+1, data X;=0 is generated
TABLE 2 inside the EEPROM. When the address n is equal to the
[OA Line Data address N, the same effect as described above can be
45 Obtained.
Input Cell Cell ¥, Cell Y2 After a data write operation is performed in the area 1 (all
. . . . write data in an area 2 are “0”), when a data write operation
Data Data__ Register Register Register - Register is additionally performed in an area 2, the data in the area 1
X, X XYY, R1 R2 R1 R2 are read out, and the write data in the area 2 is added to the
) ) 5 o o " — " — 50 readout data and input them. Alternatively, the data in the
0 0 1 0 2 I B L L area 1 are read out. When the start address of the area 2 is
0 1 0 0 1 H _ L H n+1=3m, all the data in the area 1 may be set to be data “0”;
0 1 12 L H L L when the start address is n+1=3m+2, data at addresses n—-1
} 8 ? } ? i g E " and n may be added as data X, and X, to data X at address
1 1 0 2 o L L o - 55 n+1, and all data at addresses up to address n-2 in the area 1
1 1 1 2 1 L L L H may be set to be data “0”; and when the start address is
Pointer 2 2 L L L L n+1=3m+1, data at address n may be added as data X, to
ufsvgffc data X, and X; at addresses n+1 and n+2, and all data at
tion addresses up to address n—1 may be set to be data “0”. These
60 operations can be easily, automatically performed inside the
EEPROM. The combinations between the data (X,,X,.X;)
Each register data is expressed by the voltage level of the and data (Y,,Y,) are formed as shown in Tables 2 and 3 such
input/output line IOA in a data transfer operation. Since the that the additional data write operation can be performed.
data input/output line IOB is obtained by inverting the data The relationships between the data (X,,X,,X;) and the data
input/output line IOA, the data input/output line IOB is not 65 (Y,,Y,) shown in Tables 2 and 3 are only examples, and the

illustrated. The following table (Table 3) shows the relation-
ships of Table 2 in a data output operation.

relationships between the data (X,,X,,X;) and the data (Y,
Y,) are not limited to the relationships shown in Tables 2 and
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3. In addition, even when the number of areas is three or
more, additional data can be written in the same manner as
described above.

FIG. 9A shows a data write algorithm. After a data load-
ing operation is performed, a write operation, a verify read
operation, and a write end detecting operation are repeatedly
performed. The operations enclosed by a dotted line are
automatically performed in the EEPROM.

FIG. 9B shows an additional data write algorithm. After a
read operation and a data loading operation are performed, a
verify read operation, a write end detecting operation, and a
write operation are repeatedly performed. The operations
enclosed by a dotted line are automatically performed in the
EEPROM. The verify read operation is performed after the
data loading operation is performed because data is pre-
vented from being written in a memory cell in which data
“1” or “2” is written in advance. If the verify read operation
is not performed after the data loading operation is
performed, an excessive write operation may be performed.

FIG. 10 shows write characteristics with respect to the
threshold voltage of a memory cell in the EEPROM
described above. A write operation in a memory cell in
which data “1” is to be written and a write operation in a
memory cell in which data “2” is to be written are performed
at once, and write periods of time are independently set for
these memory cells.

The following table (Table 4) shows the potentials at sev-
eral positions of the memory cell array in an erase operation,
a write operation, and a verify read operation.
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two memory cells. Of these nine combinations, eight combi-
nations are used, and data of three bits are stored in the two
memory cells. In this embodiment, data of three bits are
stored in a pair of adjacent memory cells which share a
control gate.

A flip-flop is constituted by clocked synchronous inverters
CI5 and CI6, and a flip-flop is constituted by clocked syn-
chronous inverters CI7 and CI8. These flip-flops latch write/
read data. The flip-flops are also operated as sense amplifi-
ers. The flip-flop constituted by the clocked synchronous
inverters CI5 and CI6 latches write data information indicat-
ing whether data “0” or data “1” or “2” is to be written, and
latches read data information indicating whether a memory
cell stores the information of data “0” or the information of
data “1” or “2”. The flip-flop constituted by the clocked
synchronous inverters CI17 and CI8 latches write data infor-
mation indicating whether data “1” or “2” is to be written,
and latches read data information indicating whether a
memory cell stores the information of data “2” or the infor-
mation of data “0” or “1”.

Of n-channel MOS transistors, an n-channel MOS transis-
tor Qnl18 transfers a voltage VPR to a bit line when a pre-
charge signal PRE goes to “H” level. When a bit line connec-
tion signal BLC goes to “H” level, an n-channel MOS
transistor Qn19 connects the bit line to a main bit line con-
trol circuit. N-channel MOS transistors Qn20 to Qn23 and
Qn25 to Qn28 selectively transfer voltages VBLH, VBLM,
and a voltage of 0 V to the bit line in accordance with the
data latched in the above flip-flops, when signals SAC2 and
SAC1 go to “H” level, n-channel MOS transistors Qn24 and

TABLE 4
Verify
Write Read Operation
Erase Operation Read Operation First Second
Operation  “0” <17 «27 First Cycle Second Cycle Cycle Cycle
BL 20V 8V 1V 0V  “H”only when “L”only when See FIG. 6
data “2” is read data “0” is read
SG1 20V 10V 5V 5V
CG1 ov 10V 5V 5V
CG2 ov 10V 5V 5V
CG3 ov 10V 5V 5V
CG4 ov 20V 1.5V ov 2V 035V
CG5 ov 10V 5V 5V
CG6 ov 10V 5V 5V
CG7 ov 10V 5V 5V
CG8 ov 10V 5V 5V
SG2 20V ov 5V 5V
Vs 20V ov ov ov
P well 20V ov ov ov

FIG. 11 shows the detailed arrangements of a memory cell
array 1 and a bit line control circuit 2 in a NOR-cell
EEPROM according to the second embodiment of the
present invention. A NOR cell is constituted by only a
memory cell M10. One terminal of the NOR cell is con-
nected to a bit line BL, and the other terminal is connected to
a common ground line. Memory cells M which share one
control gate WL constitute a page. Each of the memory cells
M stores data at a threshold voltage Vt thereof. The memory
cell stores data “0” indicating that the threshold voltage Vtis
not less than Vcc, stores data “1” indicating that the thresh-
old voltage V1 is lower than Vcc and not less than 2.5V, and
stores data “2” indicating that the threshold voltage Vt is
lower than 2.5V and not less than 0 V. One memory cell can
have three states, and nine combinations can be obtained by
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Qn29 respectively connect the flip-flops to the bit line. An
n-channel MOS transistor Qn30 is arranged to detect
whether all the data of one page latched in the flip-flops are
identical to each other. When column selection signals CSL.1
and CSL2 go to “H” level, n-channel MOS transistors Qn31
and Qn32 selectively connect a corresponding one of the
flip-flops to a data input/output line IOA or IOB, and
n-channel MOS transistors Qn33 and Qn34 selectively con-
nect a corresponding one of the flip-flops to the data input/
output line IOA or IOB.

The operation of the EEPROM arranged as described
above will be described below with reference to FIGS. 12 to
14. FIG. 12 shows read operation timings, FIG. 13 shows
write operation timings, and FIG. 14 shows verify read
operation timings.
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A read operation is executed by two basic cycles. In the
first read cycle, the voltage VPR becomes a power supply
voltage Vcce to precharge a bit line, and the precharge signal
PRE goes to “L” level to cause the bit line to float.
Subsequently, the control gate WL is set to be 2.5 V. Only
when the threshold voltage Vt of a selected memory cell is
set to be 2.5V or less, i.e., data “2” is written in this memory
cell, the bit line goes to “L” level.

Thereafter, sense activation signals SEN2 and SEN2B go
to “L” level and “H” level, respectively, and latch activation
signals LAT2 and LAT2B go to “L” level and “H” level,
respectively, thereby resetting the flip-flop constituted by the
clocked synchronous inverters CI7 and CI8. The signal
SAC2 goes to “H” level to connect the flip-flop constituted
by the clocked synchronous inverters CI7 and CI8 to the bit
line. After the sense activation signals SEN2 and SEN2B go
to “H” level and “L” level, respectively, to sense a bit line
potential, the latch activation signals [LAT2 and LAT2B go to
“H” level and “L.” level, respectively, and the information of
data “2” or “1” or data “0” is latched in the flip-flop consti-
tuted by the clocked synchronous inverters CI7 and CI8.

In the second read cycle, unlike the first read cycle, the
voltage of the selection control gate WL is not setto be 2.5V
but is set to be Vec, and signals SEN1, SEN1B, LAT1,
LAT1B, and SAC1 are output in place of the signals SEN2,
SEN2B, LAT2, LAT2B, and SAC2. Therefore, in the second
read cycle, the information of data “0” or data “1” or “2” is
latched in the flip-flop constituted by the clocked synchro-
nous inverters CI5 and CI6.

Data written in the memory cells are read out by the two
read cycles described above.

The data of the memory cells are erased prior to a data
write operation, and the threshold voltage Vt of each of the
memory cells is set to be Vcc or more. The control gate WL
is set to be 20 V, and the bit line is set to be 0 V, thereby
performing an erase operation.

In the write operation, the precharge signal PRE goes to
“L” level to cause the bit line to float. Signals VRFY1,
VRFY2, FIM, and FIL are set to be Vcc. In a “0”-data write
operation, since the flip-flop constituted by the clocked syn-
chronous inverters CIS and CI6 latches data such that an
output from the clocked synchronous inverter CIS goes to
“H” level, the bit line is set to be 0 V. In the “1”- or “2”-data
write operation, the bit line is set to be Vce.

Subsequently, the signals BLC, VRFY2, FIM, and FIL
and a voltage VSA are set to be 10V, the voltage VBLH is set
to be 8 V, and the voltage VBLM is set to be 7 V. In the
“17-data write operation, since the flip-flop constituted by
the clocked synchronous inverters CI17 and CI8 latches data
such that an output from the clocked synchronous inverter
CI7 goes to “H” level, a voltage of 7 V is applied to the bit
line BL.. In a “2”-data write operation, the bit line is set to be
8 V. In a “0”-data write operation, the bit line is set to be 0 V.
Thereafter, the selected control gate WL is set to be =12 V.

In a “1”- or “2”-data write operation, electrons are dis-
charged from the charge accumulation layers of the memory
cells by the potential difference between the bit line BL and
the control gate WL, and the threshold voltages of the
memory cells decrease. In the “1”-data write operation, a
total amount of charge to be removed from the charge accu-
mulation layers of the memory cells must be smaller than
that in the “2”-data write operation. For this reason, the bit
line BL is set to be 7 V to relax the potential difference
between the bit line BL. and the control gate WL to 19 V. Ina
“0”-data write operation, the threshold voltages of the
memory cells are not effectively changed by a bit line volt-
ageof OV.

20

25

30

35

40

45

50

55

60

65

22

After the write operation, a verify read operation is per-
formed to check the written states of the memory cells and
perform an additional write operation to only a memory cell
in which data is not sufficiently written. During the verify
read operation, the voltages VBLH and FIM are set to be Vce
and 0V, respectively. The verify read operation is executed
through two basic cycles. Each of the basic cycles is almost
identical to the second read cycle except that the voltage of
the selected control gate WL and signals VRFY1, VRFY2,
and FIL are output (only the signal VRFY1 is output in the
first verify read cycle). The signals VRFY1, VRFY2, and
FIL are output before the signals SEN1, SEN1B, LAT1, and
LAT1B go to “L” level, “H” level, “L” level and “H” level,
respectively, after the control gate WL is reset to O V. In other
words, the signals VRFY1, VRFY2, and FIL are output
before the flip-flop constituted by the clocked synchronous
inverters CI5 and CI6 is reset after the potential of the bit line
is determined by the threshold voltages of the memory cells.
The potential of the selected control gate WL is settobe 2V
(first cycle) and 4 V (second cycle) which are respectively
lower than 2.5 V (first cycle) and Vee (second cycle) in the
read operation to assure a threshold voltage margin.

In this case, data (data 1) latched in the flip-flop consti-
tuted by the clocked synchronous inverters CI5 and CI6, data
(data 2) latched in the flip-flop constituted by the clocked
synchronous inverters CI7 and CI8, and the voltage of the bit
line BL determined by the threshold voltage of a selected
memory cell will be described below. The data 1 controls a
“0”-data write operation or a “1”- or “2”-data write opera-
tion. The n-channel MOS transistor Qn20 is set in an “ON”
state when the “0”-data write operation is performed, and the
n-channel MOS transistor Qn23 is set in an “ON” state when
the “17-or “2”-data write operation is performed. The data 2
controls a “1”-data write operation or “2”-data write opera-
tion. The n-channel MOS transistor Qn26 is set in an “ON”
state when the “17-data write operation is performed, and the
n-channel MOS transistor Qn27 is set in an “ON” state when
the “2”-data write operation is performed.

In the first verity read cycle in the “0”-data write opera-
tion (initial write data is data “0”), the data of the memory
cell is data “0”. For this reason, when the control gate WL is
set to be 2 V, the bit line potential is kept at “H” level.
Thereafter, when signal VRFY1 goes to “H” level, the poten-
tial of the bit line BL. goes to “L.” level.

In the first verify read cycle in the “1”-data write opera-
tion (initial write data is data “17), since the data of the
memory cell is to be data “1”, the threshold voltage of the
memory cell is 2.5 V or more. When the control gate WL is
set to be 2 V, the bit line potential is kept at “H” level.
Thereafter, the signal VRFY1 goes to “H” level. In this case,
when data “1” is sufficiently written by the previous verify
read cycles in advance, and the data 1 is converted into data
for controlling the “0”-data write operation, the potential of
the bit line BL. goes to “L” level ((2) in FIG. 14); otherwise,
“H” level ((1) in FIG. 14).

In the first verity read cycle in the “2”-data write opera-
tion (initial write data is data “2”), when the data of the
selected memory cell is not data “2” (data “2” is not suffi-
ciently written), even when the control gate WL is set to be 2
V, the bit line potential is kept at “H” level ((3) in FIG. 14).
When data “2” is sufficiently written in the selected memory
cell, and the control gate WL is set to be 2 V, the memory cell
causes the bit line potential to go to “L” level ((4) and (5) in
FIG. 14). (5) in FIG. 14 indicates a case wherein data “2” is
sufficiently written in the memory cell by the previous verify
read cycles in advance, and the data 1 is converted into data
for controlling the “0”-data write operation by the previous
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verify read cycle. In this case, when the signal VRFY1 goes
to “H” level, the bit line BL is grounded.

In the second verify read cycle in the “0”-data write
operation (initial write data is data “0”), assume the data of
the memory cell is data “0”. For this reason, even when the
control gate WL is set to be 4 V, the bit line potential is kept
at “H” level. Thereafter, when the signal VRFY1 goes to “H”
level, the potential of the bit line BL goes to “L” level.

In the second verify read cycle in the “1”-data write
operation (initial write data is data “1”), if the data of the
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which data “1” is to be written and a write operation in a
memory cell in which data “2” is to be written are performed
at once, and write periods of time are independently set for
these memory cells.

The following table (Table 5) shows the potentials at BL,
and WL of the memory cell array in an erase operation, a
write operation, and a verify read operation.

TABLE 5
Verify

Write Read Operation
Erase Operation Read Operation First Second

Operation  “0”  “1”  «2” First Cycle Second Cycle Cycle Cycle

BL ov o0V 7V 8V “L”onlywhen “H”onlywhen See FIG. 14

data “2” is read data “0” is read
WL 20V -12V 25V 5V 20V 40V

selected memory cell is not data “1” (data “1” is not suffi-
ciently written), even when the control gate WL is set to be 4
V, the bit line potential “H” is kept at “H” level ((6) in FIG.
14). When data “1” is sufficiently written in the selected
memory cell, when the voltage of the control gate WL
becomes 4 V, the bit line potential goes to “L” level ((7) and
(8) in FIG. 14). (8) in FIG. 14 indicates a case wherein data
“1” is sufficiently written in the memory cell by the previous
verify read cycles in advance, and the data 1 is converted into
data for controlling the “0”-data write operation. In this case,
when the signal VRFY1 goes to “H” level, the bit line BL is
grounded.

In the second verify read cycle in the “2”-data write
operation (initial write data is data “2”), the data of the
memory cell is to be data “2”. For this reason, assuming that
the threshold voltage of the memory cell is 4 V or less, even
when data “2” is sufficiently written or is not sufficiently
written in the memory cell, and the control gate WL is set to
be 4V, the bit line potential goes to “L.” level ((10) and (11)
in FIG. 14). when data “2” is not sufficiently written in the
memory cell, and the threshold voltage of the memory cell is
4V or more, the bit line potential goes to “H” level ((9) in
FIG. 14).

Thereafter, when the signals VRFY1, VRFY2, and FIL go
to “H” level, data “2” is sufficiently written, and the data 1 is
converted into data for controlling a “0”-data write opera-
tion. In this case, the potential of the bit line BL. goes to “L.”
level ((11) in FIG. 14); otherwise, “H” level ((9) and (10) in
FIG. 14).

With the above verify read operation, rewrite data are set
as shown in the following Table 1 on the basis of the write
data and the written states of the memory cells, as in the first
embodiment. In addition, when data are sufficiently written
in all the memory cells, the n-channel MOS transistors Qn30
of all columns are set in an “OFF” state, and data write
operation end information is output by a signal PENDB.

Data input/output operation timings, a data write
algorithm, and an additional data write algorithm in the sec-
ond embodiment are the same as those of the first embodi-
ment as shown in FIGS. 7 to 9 and Tables 2 and 3.

FIG. 15 shows write characteristics with respect to the
threshold voltages of memory cells in the EEPROM
described above. A write operation in a memory cell in
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The circuits shown in FIGS. 3 and 11 can be meodified
into, e.g., the circuits shown in FIGS. 16 and 17, respec-
tively. Referring to FIG. 16, the n-channel MOS transistors
Qn3 and Qnd are replaced with p-channel MOS transistor
Qpl and Qp2, respectively. Referring to FIG. 17, the
n-channel MOS transistors Qn22 and Qn23 and the
n-channel MOS transistors Qn25 to Qn28 are replaced with
p-channel MOS transistors Qp3 to Qp8. with the above
arrangement, a voltage which can be transferred through
transistors can be prevented from dropping according to the
threshold voltage of the n-channel MOS transistor. In this
embodiment, since it is required only to increase the voltage
VSA to 8V, the breakdown voltage of the transistors consti-
tuting the above circuit can be decreased. A signal VRFY1B
in FIG. 16 is the inverted signal of the VRFY1 in FIGS. 2
and 3. Signals VRFY2B, FILB, and FIMB are inverted sig-
nals of the signals VRFY?2, FIL, and FIM in FIG. 11, respec-
tively.

The additional data write operation is described in FIG. 8.
For example, as shown in FIG. 18, it is one effective method
that one page is divided into areas to easily perform an addi-
tional data write operation. In this embodiment, one area is
constituted by 22 memory cells set every 32 logical
addresses. In this manner, an additional data write operation
in units of areas can be easily performed. More specifically,
when additional data is to be written in the area 2, the write
data in all areas except for the area 2 are set to be data “0”,
and the additional data may be written in the area 2 accord-
ing to the data write algorithm shown in FIG. 9A. Each area
may have a size except for the size of each of the areas
shown in FIG. 18.

FIG. 20 shows a memory cell array 1 of a NAND-cell
EEPROM according to the third embodiment of the present
invention. The memory cell array 1 is formed on a p-type
well or a p-type substrate, and eight memory cells M1 to M8
are connected in series between a selection transistor S1
connected to a bit line BL and a selection transistor S2 con-
nected to a common source line Vs, thereby constituting one
NAND cell. The selection transistors S (S1 and S2) have
selection gates SG (SG1 and SG2), respectively. The
memory cells have floating gates (charge accumulation
layers) and control gates CG (CG1 to CGS) which are
stacked and formed on each other. The memory cells store
information by using amounts of charges accumulated in the
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floating gates of the memory cells. The amounts of accumu-
lated charges can be read out as the threshold voltages of the
corresponding memory cells.

In the present invention, such a threshold voltage is read
out as shown in FIGS. 21A and 21B. In this case, the
memory cell M2 having the control gate CG2 is selected. As
shown in FIG. 21A, a voltage is applied to each portion, and
the bit line BL is set in a floating state. When the bit line BL,
is reset to 0 V in advance, the bit line BL is charged by the
common source line Vs through the NAND cell. The selec-
tion gate voltages and control gate voltages are controlled
such that the potential of the charged bit line BL is deter-
mined by the threshold voltage of the selected memory cell
M2.

In this embodiment, the selection gates SG1 and SG2, the
control gates CG1 and CG3 to CG8 are set to be 6 V, the
selected control gate CG2 is set to be 2 V, and the common
source line Vs is set to be 6 V. The voltage waveforms of
these parts are shown in FIG. 21B. In this case, a threshold
voltage of 2 V or less can be read out. When the threshold
voltage of each non-selected memory cell is controlled to be
2.5V or less, a threshold voltage of =1.5 V or more can be
read out. When the potential of the bit line BL is 0 V, a
threshold voltage of 2 V or more can be read out; when the
bit line potential is 3.5 V, a threshold voltage of -1.5 V or
less can be read out. When the voltages of the selection gates
SG1 and SG2 and the non-selected control gates CG1 and
CG3 to CG8 are made sufficiently high, a threshold voltage
of up to —4 V can also be read out.

The relationship between the threshold voltage of the
memory cell and a bit line output voltage in this case is
shown in FIG. 22. When calculation is performed on the
basis of a threshold voltage obtained when a back bias volt-
age is 0V, a solid line in FIG. 22 is obtained. However, the
bit line voltage becomes equal to the back bias voltage in
practice, and the bit line output voltage decreases as indi-
cated by a chain line in FIG. 22. For the sake of descriptive
convenience, a threshold voltage is obtained in consideration
of a back bias voltage hereinafter, unless otherwise speci-
fied.

After electrons are discharged from the floating gate of the
memory cell by an erase operation, electrons are injected
into the floating gate by a write operation performed accord-
ing to write data. FIG. 23 shows the relationship between a
write time and a bit line output voltage in a read operation
when a bit line output voltage in the read operation is not
limited to the threshold voltage of each non-selected
memory cell. For example, when the voltage of the common
source line in the read operation is 3 V, the bit line output
voltage does not change unless the threshold voltage
becomes -1 V or more, as a result of electron injection into
the floating gate. Even when the voltage of the common
source line is 6 V, when the threshold voltage of each non-
selected memory cell is positive, the bit line output voltage
in the read operation is limited.

When one memory cell has two states (data “0” and data
“17), for example, as shown in FIG. 24, a state in which the
bit line output voltage in a read operation becomes 3 to 4 V
(threshold voltage of about -2 V to -1 V) may be set as data
“0” (erased state), and a state in which the bit line output
voltage becomes 1 to 2 V (threshold voltage of about 0 to 1
V) may be set as data “1”.

When one memory cell has three states (data “0”, data
“17, and data “2”), for example, as shown in FIG. 25, a state
in which the bit line output voltage in a read operation
becomes 3.5 to 4.5 V (threshold voltage of about -2.5 V to
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-1.5V) may be set as data “0” (erased state), a state in which
the bit line output voltage becomes 1.5 to 2.5 V (threshold
voltage of about 0.5 to 0.5 V) may be set as data “1”, and a
state in which the bit line output voltage becomes 0 to 0.5V
(threshold voltage of about 1.5 to 2.5 V) may be set as data
“27.

FIG. 26 shows a memory cell array 1 of a NOR-cell
EEPROM according to the fourth embodiment of the present
invention. The memory cell array 1 is formed on a p-type
well or a p-type substrate, and each memory cell M is
arranged between a bit line BL and a common source line
Vs. Each memory cell has a floating gate and a word line WL
which are stacked and formed on each other.

The threshold voltages of the memory cells are read out as
shown in FIGS. 27A and 27B. Voltages are applied as shown
in FIG. 27A, and the bit line BL is set in a floating state.
When the bit line BL is reset to 0 V in advance, the bit line
BL is charged by the common source line Vs through the
memory cell. The potential of the charged bit line BL is
determined by the threshold voltage of selected memory cell
M.

In this embodiment, the word line WL is set to be 6 V, and
the common source line Vs is set to be 6 V. The voltage
waveforms of these parts are shown in FIG. 27B. In this
manner, a threshold voltage of 0 to 6 V can be read out.
When the potential of the bit line BL is 0 V, a threshold
voltage of 6 V or more can be read out; when the bit line
potential is 6 V, a threshold voltage of 0 V or less can be read
out. The relationship between the threshold voltage of the
memory cell and a bit line output voltage in this case is
shown in FIG. 28. When a calculation is performed on the
basis of a threshold voltage at a back bias voltage of 0V, a
solid line in FIG. 28 is obtained. However, as in FIG. 22, the
bit line voltage becomes equal to the back bias voltage in
practice, and the bit line output voltage decreases as indi-
cated by a chain line in FIG. 28.

After electrons are injected into the floating gate of the
memory cell by an erase operation, the electrons are dis-
charged from the floating gate by a write operation per-
formed according to write data. FIG. 29 shows the relation-
ship between a write time and a bit line output voltage in a
read operation. For example, in the case of the voltage of the
common source line in the read operation is 3 V, when the
threshold voltage becomes 3 V or less according to electron
discharge from the floating gate, the bit line output voltage
does not change. Even when the voltage of the common
source line is 6 V, the bit line output voltage in the read
operation does not change at the threshold voltage of 0 V or
less.

When one memory cell has two states (data “0” and data
“17), for example, as shown in FIG. 30, a state in which the
bit line output voltage in a read operation becomes 1t0 2V
(threshold voltage of about 4 V to 5 V) may be set as data “0”
(erased state), and a state in which the bit line output voltage
becomes 3 to 4 V (threshold voltage of about 2 to 3 V) may
be set as data “1”".

When one memory cell has three states (data “0”, data
“17, and data “2”), for example, as shown in FIG. 31, a state
in which the bit line output voltage in a read operation
becomes 0 to 0.5 V (threshold voltage of about 5.5 V or
more) may be set as data “0” (erased state), a state in which
the bit line output voltage becomes 1.5 to 2.5 V (threshold
voltage of about 3.5 to 4.5 V) may be set as data “1”, and a
state in which the bit line output voltage becomes 3.5 to 4.5
V (threshold voltage of about 1.5 to 2.5 V) may be set as data
“27.
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FIG. 32 shows the arrangement of a ternary storage type
EEPROM according to the third and fourth embodiments of
the present invention. For memory cell arrays 1 ((a) and (b)),
a bit line control circuit 2 for controlling a bit line in read/
write operations and a word line drive circuit 7 for control-
ling a word line potential are arranged. The bit line control
circuit 2 is selected by a column decoder 3. The bit line
control circuit 2 receives and outputs read/write data from/to
an input/output data conversion circuit 5 through a data
input/output line (IO line). The input/output data con10 ver-
sion circuit 5 converts multivalue information of a readout
memory cell into binary information to externally output the
multivalue information, and converts the binary information
of external input write data into the multivalue information
of'a memory cell. The input/output data conversion circuit 5
is connected to a data input/output buffer 6 for controlling a
data input/output operation with an external circuit.

FIG. 33 shows the detailed arrangements of a memory cell
array 1 and a bit line control circuit 2 in a NAND-cell
EEPROM according to the third embodiment of the present
invention. One terminal of the NAND cell is connected to a
bit line BL, and the other terminal is connected to a common
source line Vs. Selection gates SG1 and SG2 and control
gates CG1 to CG8 are shared by a plurality of NAND cells,
and memory cells M which share one control gate constitute
apage. Each of the memory cells M stores data at a threshold
voltage Vt thereof. As shown in FIG. 25, the memory cell
stores data “0”, data “1”, and data “2”. One memory cell has
three states, and nine combinations can be obtained by two
memory cells. Of these nine combinations, eight combina-
tions are used, and data of three bits are stored in the two
memory cells.

In this embodiment, data of three bits are stored in a pair
of adjacent memory cells which share a control gate. In
addition, the memory cell arrays 1 ((a) and (b)) are formed
on dedicated p-type wells, respectively.

N-channel MOS transistors (n-ch Trs.) Qn8 to Qn10 and
p-channel MOS transistors (p-ch Trs.) Qp3 to Qp5 constitute
a flip-flop FF1, and n-ch Trs. Qnl1 to Qn13 and p-ch Trs.
Qp6 to Qp8 constitute a flip-tlop FF2. These flip-flops latch
write/read data. The flip-flops are also operated as sense
amplifiers. The flip-flop FF1 latches write data information
indicating whether data “0” or data “1” or “2” is to be
written, and latches read data information indicating
whether a memory cell stores the information of data “0” or
the information of data “1” or “2”. The flip-flop FF2 latches
write data information indicating whether data “1” or “2” is
to be written, and latches read data information indicating
whether a memory cell stores the information of data “2” or
the information of data “0” or “1”.

An n-ch Tr. Qnl transfers a voltage Va to a bit line BLa
when a precharge signal ¢pa goes to “H” level. An n-ch Tr.
Qn20 transfers a voltage Vb to a bit line BLb when a pre-
charge signal ¢pb goes to “H” level. N-ch Trs. Qnd to Qn7
and p-ch Trs. Qpl and Qp2 selectively transfer voltages
VBHa, VBMa, and VBLa to the bit line BLa in accordance
with the data latched in the flip-flops FF1 and FF2. N-ch Trs.
Qnt4 to Qn17 and p-ch Trs. Qp9 and Qp10 selectively trans-
fer voltages VBHb, VBMb, and VBLb to the bit line BLb in
accordance with the data latched in the flip-flops FF1 and
FF2. An n-ch Tr. Qn2 connects the flip-flop FF1 to the bit
line BLa when a signal ¢al goes to “H” level. An n-ch Tr
Qn3 connects the flip-flop FF2 to the bit line BLa when a
signal ¢a2 goes to “H”. An n-ch Tr. Qn19 connects the flip-
flop FF1 to the bit line BLb when a signal ¢b1 goes to “H”
level. An n-ch Tr. Qn18 connects the flip-flop FF2 to the bit
line BLb when a signal ¢b2 goes to “H” level.
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The operation of the EEPROM arranged as described
above will be described below with reference to FIGS. 34 to
36. FIG. 34 shows read operation timings, FIG. 35 shows
write operation timings, and FIG. 36 shows verify read
operation timings. FIGS. 34 to 36 show timings obtained
when a control gate CG2a is selected.

The read operation is executed by two basic cycles. In the
first read cycle, the voltage Vb is set to be 3 V, and the bit line
BLb serving as a dummy bit line is precharged. The pre-
charge signal ¢pa goes to “L” level to cause the bit line BLa
to float, and a common source line Vsa is set to be 6 V.
Subsequently, selection gates SGla and SG2a and control
gates CGla and CG3a to CG8a are set to be 6 V. At the same
time, the selected control gate CG2a is set to be 2 V. Only
when data “0” is written in the selected memory cell, the
voltage of the bit line BLa is set to be 3 V or more.

Thereafter, flip-flop activation signals ¢nl and ¢pl go to
“L” level and “H” level, respectively, to reset the flip-flop
FF1. The signals ¢al and ¢b1 go to “H” level to connect the
flip-flop FF1 to the bit lines BLa and BLb. The signals ¢nl
and ¢pl go to “H” level and “L” level, respectively, to sense
a bit line potential, and the flip-flop FF1 latches the informa-
tion of data “0” or the information of data “1” or “2”.

In the second read cycle, unlike the first read cycle, the
voltage of the dummy bit line BLb is not 3 V butis 1 V, and
signals ¢a2, ¢pb2, ¢n2, and ¢p2 are output in place of the
signals ¢al, pb1, ¢nl, and ¢ppl. Therefore, in the second read
cycle, the flip-flop FF2 latches the information of data “2” or
the information of data “1” or “0”.

With the two read cycles described above, the data written
in the memory cells are read out.

Data in the memory cells are erased prior to a data write
operation, and the threshold voltages Vt of the memory cells
are set to be —1.5V or less. The common source line Vsa and
the selection gates SG1la and SG2a are set to be 20 V, and the
control gates CGla to CG8a are set to be 0V, thereby per-
forming an erase operation.

In the write operation, the precharge signal ¢pa goes to
“L” level to cause the bit line BLa to float. The selection gate
SGla is set to be Vee, and the control gates CGla to CG8a
are set to be Vec. The selection gate SG2a is set to be 0 V
during the write operation. At the same time, a signal VRFYa
goes to “H” level, and a signal PBa goes to “L” level. In a
“0-data write operation, since the flip-flop FF1 latches data
such that the potential of a node N1 goes to “L” level, the bit
line BLa is charged to Vcc by the voltage VBHa. In a “1”- or
“27”-data write operation, the bit line BLa is set to be 0 V.

Subsequently, the selection gate SGla and the control
gates CGla to CG8a are set to be 10 V, the voltage VBHa
and a voltage vrw are set to be 8 V, and the voltage VBMa is
set to be 1 V. In the “1”-data write operation, since the flip-
flop FF2 latches data such that the potential of a node N3
goes to “L” level, a voltage of 1 V is applied to the bit line
BLa by the voltage VBMa. The bit line BlL.ais setto be 0 V
in the “2”-data write operation, and bit line BLa is set to be 8
V in the “0”-data write operation. Thereafter, the selected
control gate CG2a is set to be 20 V.

In the “1”- or “2”-data write operation, electrons are
injected into the charge accumulation layers of the memory
cells by the potential difference between the bit line BLLa and
the control gate CG2a, and the threshold voltages of the
memory cells increase. In a “1”-data write operation, since
amounts of charges to be injected into the charge accumula-
tion layers of the memory cells in the “1”-data write opera-
tion must be smaller than those in the “2”-data write
operation, the bit line BLa is set to be 1 V to relax the
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potential difference between the bit line BLa and the control
gate CG2a to 19 V. In the “0”-data write operation, the
threshold voltages of the memory cells do not effectively
change according to the bit line voltage of 8 V.

Upon completion of the write operation, the selection gate
SG1a and the control gates CGla to CG8a are set to be 0V,
and then the voltage of the bit line BLa set to be 8 V in the
“07”-data write operation is reset to 0 V with a time lag. This
is because, when the order of the resetting operations is
reversed, a “2”-data write operation state is temporarily set,
and erroneous data is written in the “0”-data write operation.

After the write operation, a verify read operation is per-
formed to check the written state of the memory cell and
perform an additional write operation to only a memory cell
in which data is not sufficiently written.

The verify read operation is similar to the first read cycle
except that the data of the flip-flop FF1 is inverted, the volt-
age Vb is set to be Vcc, the signal VRFYa and a signal
VRFYb are output, and at this time, the voltages VBLb and
VBMbD are set to be 2.5 V and 0.5V, respectively. The volt-
age of the bit line BLb is determined by the voltages Vb,
VBLb, and VBMb and the data of the flip-flops FF1 and
FF2. The signals VRFYa and VRFYD are output before the
signals ¢nl and ¢pl go to “L” level and “H” level,
respectively, after the selection gates SG1a and SG2a and the
control gates CGla to CG8a are reset to 0 V. In other words,
the signals VRFYa and VRFYb are output before the flip-
flop FF1 is reset after the potential of the bit line BLa is
determined by the threshold voltage of the memory cell.

The inverting operation of the data of the flip-flop FF1
will be described below. The voltage Vb is set to be 2.5 V to
precharge the bit line BLb serving as a dummy bit line. In
addition, the precharge signals ¢ppa and ¢ppb go to “L” level
to cause the bit lines BLa and BLb to float. Subsequently, the
signal PBa goes to “L” level, and the bit line BLa is charged
to 2.5 V or more only when the potential of the node N1 is
set at “L” level. Thereafter, the flip-flop activation signals
¢nl and ¢ppl go to “L” level and “H” level, respectively, to
reset the flip-flop FF1. The signals ¢al and ¢bl go to “H”
level to connect the flip-flop FF1 to the bit lines BLa and
BLb, and the signals ¢nl and ¢pl go to “H” level and “L”
level, respectively, to sense a bit line potential. By this
operation, the data of the flip-flop FF1 is inverted.

The data (data 1) latched in the flip-flop FF1, the data
(data 2) latched in the flip-flop FF2, and the voltages of the
bit lines BLa and BLb determined by the threshold voltage
of a selected memory cell and obtained after the data invert-
ing operation will be described below. The data 1 controls
“07-data write operation or “17- or “2”-data write operation.
In the “0”-data write operation, the potential of the node N1
goes to “H” level set upon the data inverting operation. In the
“17- or “2”-data write operation, the potential of the node N1
goes to “L” level set upon the data inverting operation. The
data 2 controls “1”-data write operation or “2”-data write
operation. The potential of the node N3 goes to “L” level in
the “1”-data write operation, and the potential of the node
N3 goes to “H” level in the “2”-data write operation.
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In the verify read operation performed after the “0”-data
write operation, regardless of the states of the memory cells,
when the signal VRFYa goes to “H” level, the voltage VBLa
or VBMa causes the potential of the bit line BLa to go to “L”
level. Therefore, the bit line BLa is sensed by the flip-flop
FF1 such that the node N1 goes to “L” level, and rewrite data
to be latched is data “0”.

In the verify read operation set upon the “1” data write
operation, the signal VRFYb goes to “H” level, and the
dummy bit line BLb is set to be 2.5 V. When the memory cell
is not set in a “1”-data-written state, the voltage of the bit
line BLa is 2.5 V or more, and the bit line BLa is sensed by
the flip-flop FF1 such that the potential of the node N1 goes
to “H” level, and rewrite data to be latched is data “1”. When
the memory cell reaches the “1”-data-written state, the bit
line BLa is 2.5 V or less, the bit line BLa is sensed by the
flip-flop FF1 such that the potential of the node N1 goes to
“L” level, and rewrite data to be latched is data “0”.

In the verify read operation performed after the “2”-data
write operation, the signal VRFYD goes to “H” level to set
the dummy bit line BLb to be 0.5 V. When the memory cell
does not reach a “2”-data-written state, the voltage of the bit
line BLa is 0.5 or more, the bit line BLa is sensed by the
flip-flop FF1 such that the potential of the node N1 goes to
“H” level, and rewrite data to be latched is data ‘“2”. when
the memory cell reaches the “2”-data-written state, the volt-
age of the bit line BLa is 0.5 V or less, the bit line BLa is
sensed by the flip-flop FF1 such that the potential of the node
N1 goes to “L.” level, and rewrite data to be latched is data
“0”.

With this verify read operation, rewrite data is set as
described in the following table (Table 6) on the basis of

write data and the written state of the memory cell.
TABLE 6

Write Data 0 0 0 1 1 2 2 2

Memory Cell Data 0 1 2 0 1 0 1 2

Rewrite Data 0 0 0 1 0 2 2 0

As is apparent from the table (Table 6), although the “17-
data-written state is to be set, data “1” is written again in
only a memory cell in which data “1” is not sufficiently
written. Although the “2”-data-written state is to be set, data
“2” is written again in only a memory cell in which data “2”
is not sufficiently written.

The write operation and the verify read operation are
repeatedly performed, thereby performing a data write
operation.

The following table (Table 7) shows the potentials at the
several points of the memory cell array in an erase operation,
a write operation, a read operation, and a verify read opera-
tion.

TABLE 7
Write
Erase Operation Read Operation Verify Read
Operation  “0” <17 «27 First Cycle Second Cycle  Operation
Bla 20V 8V 1V 0V  “H”only when “L”only when See FIG. 36
data “0” is read data “2” is read
SGla 20V 10V 6V 6V 6V
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TABLE 7-continued
Write
Erase Operation Read Operation Verify Read
Operation  “0” <17 «27 First Cycle Second Cycle  Operation
CGla ov 10V 6V 6V 6V
CG2a ov 20V 2V 2V 2V
CG3a ov 10V 6V 6V 6V
CG4a ov 10V 6V 6V 6V
CG5a ov 10V 6V 6V 6V
CGoba ov 10V 6V 6V 6V
CG7a ov 10V 6V 6V 6V
CGRa ov 10V 6V 6V 6V
SG2a 20V ov 6V 6V 6V
Vsn 20V ov 6V 6V 6V
P well 20V ov ov ov ov

FIG. 37 shows the detailed arrangement of a memory cell
array and a bit line control circuit 2 in a NOR-cell EEPROM
according to the fourth embodiment of the present invention.
One terminal of a NOR cell is connected to a bit line BL, and
the other terminal is connected to a common source line Vs.
A word line WL is shared by a plurality of NOR cells, and
memory cells M which share one word line constitute a
page. Each memory cell stores data by using a threshold
voltage Vt of the corresponding memory cell, and as shown
in FIG. 31, stores data “0”, data “1”, and data “2”. One
memory cell has three states, and nine combinations can be
obtained by two memory cells. Of these nine combinations,
eight combinations are used, and data of three bits are stored
in the two memory cells. In this embodiment, data of three
bits are stored in a pair of adjacent memory cells which share
a word line. In addition, the memory cell arrays 1 ((a) and
(b)) are formed on a p-type substrate.

N-ch Trs. Qn26 to Qn28 and p-ch Trs. Qpl5 to Qpl7
constitute a flip-flop FF3, and n-ch Trs. Qn29 to Qn31 and
p-ch Trs. Qpl8 to Qp20 constitute a flip-flop FF4. These
flip-flops latch write/read data. The flip-tflops are also oper-
ated as sense amplifiers. The flip-flop FF3 latches write data
information indicating whether data “0” or data “1” or “2” is
to be written, and latches read data information indicating
whether a memory cell stores the information of data “0” or
the information of data “1” or “2”. The flip-flop FF4 latches
write data information indicating whether data “1” or “2” is
to be written, and latches read data information indicating
whether a memory cell stores the information of data “2” or
the information of data “0” or “1”.

An n-ch Tr. Qn21 transfers a voltage Va to a bit line BLa
when a precharge signal ¢pa goes to “H” level. An n-ch Tr.
Qn36 transfers a voltage Vb to a bit line BLb when a pre-
charge signal ¢pb goes to “H” level. N-ch Trs. Qn24 and
Qn25 and p-ch Trs. Qpl1 to Qp14 selectively transfer volt-
ages VBHa and VBMa and a voltage of 0 V to the bit line
BLa in accordance with the data latched in the flip-flops FF3
and FF4. N-ch Trs. Qn32 and Qn33 and p-ch Trs. Qp21 to
Qp24 selectively transfer voltages VBHb and VBMb and a
voltage of 0V to the bit line BLb in accordance with the data
latched in the flip-flops FF3 and FF4. An n-ch Tr. Qn22
connects the flip-flop FF3 to the bit line BLLa when a signal
¢al goes to “H” level. An n-ch Tr Qn23 connects the flip-
flop FF4 to the bit line BLa when a signal ¢a2 goes to “H”
level. An n-ch Tr. Qn35 connects the flip-flop FF3 to the bit
line BLb when a signal ¢bl goes to “H” level. An n-ch Tr.
Qn34 connects the flip-flop FF4 to the bit line BLb when a
signal ¢b2 goes to “H” level.

The operation of the EEPROM arranged as described
above will be described below with reference to FIGS. 38 to
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40. FIG. 38 shows read operation timings, FIG. 39 shows
write operation timings, and FIG. 40 shows verify read
operation timings. FIGS. 38 to 40 show timings obtained
when a word line WLa is selected.

The read operation is executed by two basic cycles. In the
first read cycle, the voltage Vb becomes 1V to precharge the
bit line BLb serving as a dummy bit line. The precharge
signal ¢ppa goes to “L.” level to cause the bit line BLa to float,
and a common source line Vsa is set to be 6 V. Subsequently,
the word line WLa is set to be 6 V. Only when data “0” is
written in the selected memory cell, the voltage of the bit
line BLa is setto be 0.5V or less.

Thereafter, flip-flop activation signals ¢nl and ¢pl go to
“L” level and “H” level, respectively, to reset the flip-flop
FF3. The signals ¢al and ¢b1 go to “H” level to connect the
flip-flop FF3 to the bit lines BLa and BLb. The signals ¢nl
and ¢pl go to “H” level and “L” level, respectively, to sense
a bit line potential, and the flip-flop FF3 latches the informa-
tion of data “0” or the information of data “1” or “2”.

In the second read cycle, unlike the first read cycle, the
voltage of the dummy bit line BLb is not 1 V butis 3 V, and
signals ¢a2, ¢pb2, ¢n2, and ¢p2 are output in place of the
signals ¢al, pb1, ¢nl, and ¢ppl. Therefore, in the second read
cycle, the flip-flop FF4 latches the information of data “2” or
the information of data “1” or “0”.

With the two read cycles described above, the data written
in the memory cells are read out.

Data in the memory cells are erased prior to a data write
operation, and the threshold voltages Vt of the memory cells
are set to be 5.5V or more. The word line WLa is set to be 20
V, and the bit line BLa is set to be 0V, thereby performing
the erase operation. In the write operation, the precharge
signal ¢ppa goes to “L.” level to cause the bit line BLa to float.
Subsequently, a signal VRFYBa goes to “L” level, and a
signal Pa goes to “H” level. In a “0”-data write operation,
since the flip-flop FF3 latches data such that the potential of
a node N5 goes to “H” level, the bit line BLa is set to be O V.
In a“17- or “2”-data write operation, the bit line BLa is set to
be Vcee by the voltage VBHa or VBMa.

Subsequently, each of the voltage VBHa and a voltage
Vrw becomes 8 V, and the voltage VBMa becomes 7 V. In
the “1”-data write operation, since the flip-flop FF4 latches
data such that the potential of node N7 goes to “H” level, a
voltage of 7 V is applied to the bit line BLa by the voltage
VBMa. The bit line BLa is set to be 8 V in the “2”-data write
operation, and bit line BLa is set to be 0 V in the “0”-data
write operation. Thereafter, the selected word line WLa is set
tobe -12'V.
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In the “17- or “2”-data write operation, electrons are dis-
charged from the charge accumulation layers of the memory
cells by the potential difference between the bit line BL.a and
the word line WLa, and the threshold voltages of the
memory cells decrease. In a “1”-data write operation, since
amounts of charges to be discharged from the charge accu-
mulation layers of the memory cells in the “1”-data write
operation must be smaller than those in the “2”-data write
operation, the bit line BLa is set to be 7 V to relax the
potential difference between the word line WLa and the bit
line BLa to 19 V. In the “0”-data write operation, the thresh-
old voltage of the memory cell does not effectively change
according to the bit line voltage of 0 V.

After the write operation, a verify read operation is per-
formed to check the written state of the memory cells and
perform an additional write operation to only a memory cell
in which data is not sufficiently written.

The verify read operation is similar to the first read cycle
except that the data of the flip-flop FF3 is inverted, the volt-
age Vb is 0V, the signal VRFYBa and a signal VRFYBDb are
output, and at this time, the voltages VBHb and VBMb
become 1.5V and 3.5V, respectively. The voltage of the bit
line BLb is determined by the voltages Vb, VBHb, and
VBMb and the data of the flip-flops FF3 and FF4. The sig-
nals VRFYBa and VRFYBbD are output before the signals
¢nl and ¢pp1 go to “L” level and “H” level, respectively, after
the word line WLa is reset to 0 V. In other words, the signals
VRFYBa and VRFYBb are output before the flip-flop FF3 is
reset after the potential of the bit line BLa is determined by
the threshold voltages of the memory cells.

The inverting operation of the data of the flip-flop FF3
will be described below. The voltages Va and Vb become
Vee and 2.5V, respectively, to precharge the bit lines BLa
and BLb. In addition, the precharge signals ¢pa and ¢pb go
to “L” level to cause the bit lines BLa and BLb to float.
Subsequently, the signal Pa goes to “H” level, and the bit line
BLa is discharged to 2.5V or less only when the potential of
the node N5 is set at “H” level. Thereafter, the flip-flop acti-
vation signals ¢nl and ¢ppl go to “L” level and “H” level,
respectively, to reset the flip-flop FF3, the signals ¢al and
¢bl go to “H” level to connect the flip-flop FF3 to the bit
lines BLa and BLb, and the signals ¢nl and ¢p1 go to “H”
level and “L” level, respectively, to sense a bit line potential.
With this operation, the data of the flip-flop FF3 is inverted.

The data (data 1) latched in the flip-flop FF3, the data
(data 2) latched in the flip-flop FF4, and the voltages of the
bit lines BLa and BLb determined by the threshold voltage
of a selected memory cell and obtained after the data invert-
ing operation will be described below. The data 1 controls
“07-data write operation or “17- or “2”-data write operation.
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data 2 controls “1”-data write operation or “2”-data write
operation. The potential of the node N7 goes to “H” level in
the “1”-data write operation, and the potential of the node
N7 goes to “L” level in the “2”-data write operation.

In the verify read operation performed after the “0”-data
write operation, regardless of the states of the memory cells,
when the signal VRFYBa goes to “L” level, the voltage
VBHa or VBMa causes the potential of the bit line BLa to go
to “H” level. Therefore, the bit line BLa is sensed by the
flip-flop FF3 such that the node N5 goes to “H” level, and
rewrite data to be latched is data “0”.

In the verify read operation after the “1” data write
operation, the signal VRFYBb goes to “L.” level to set the
dummy bit line BLb to be 1.5 V. Therefore, when the
memory cell does not reach a “1”-data-written state, the bit
line BLa is set to be 1.5V or less, the bit line BLa is sensed
by the flip-flop FF3 such that the potential of the node N5
goes to “L” level, and rewrite data to be latched is data “1”.
When the memory cell reaches the “1”-data-written state,
the bit line BLa is set to be 1.5 V or more, the bit line BLa is
sensed by the flip-flop FF3 such that the potential of the node
N5 goes to “H” level, and rewrite data to be latched is data
“0”.

In the verify read operation performed after the “2”-data
write operation, the signal VRFYBD goes to “L.” level to set
the dummy bit line BLb to be 3.5 V. Therefore, when the
memory cell does not reach a “2”-data-written state, the bit
line BLa is set to be 3.5 or less, the bit line BLa is sensed by
the flip-flop FF3 such that the potential of the node N5 goes
to “L” level, and rewrite data to be latched is data “2”. When
the memory cell reaches the “2”-data-written state, the bit
line BLa is set to be 3.5 V or more, the bit line BLa is sensed
by the flip-flop FF3 such that the potential of the node N5
goes to “H” level, and rewrite data to be latched is data “0”.

With this verify read operation, rewrite data is set as
described in the above Table 6 on the basis of write data and
the written states of the memory cells. As is apparent from
the Table 6, although the “1”-data-written state is to be set,
data “1” is written again in only a memory cell in which data
“1” is not sufficiently written. Although the “2”-data-written
state is to be set, data “2” is written again in only a memory
cell in which data “2” is not sufficiently written.

The write operation and the verify read operation are
repeatedly performed, thereby performing a data write
operation.

The following table (Table 8) shows the potentials at BLa,
WLa and Vsa of the memory cell array in an erase operation,
a write operation, a read operation, and a verify read opera-
tion.

TABLE 8
Write
Erase Operation Read Operation Verify Read
Operation  “0” <17 «27 First Cycle Second Cycle  Operation
Rla ov 0V 7V 8V “L”only when “H” only when See FIG. 40
data “0” is read data “2” is read

WLa 20V -12v 6V 6V 6V
Vsa ov ov 6V 6V 6V

In the “0”-data write operation, the potential of the node N5

FIG. 41 shows a circuit for controlling data input/output

goes to “L” level set upon the data inverting operation. In the ¢s operations between the flip-flops FF1 and FF2 shown in

“17- or “2”-data write operation, the potential of the node N5
goes to “H” level set upon the data inverting operation. The

FIG. 33 or the flip-flops FF3 and FF4 shown in FIG. 37 and
the input/output data conversion circuit shown in FIG. 32.
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An inverter I, and a NAND circuit G, constitute a column
decoder 3. When a column activation signal CENB goes to
“H” level, a decoder output selected by an address signal
goes to “H” level, and nodes A, B, C, and D are connected to
input/output lines I0A1, IOB1, IOA2, and IOB2, respec-
tively. The nodes A, B, C, and D correspond to the nodes N1,
N2, N3, and N4 in FIG. 33, respectively, and correspond to
the nodes N6, N5, N8, and N7 in FIG. 37, respectively. The
relationships between read/write data and the input/output
lines I0A1, I0B1, IOA2, and I0OB2 are summarized in the
following table (Table 9).

TABLE 9
Write Data I0A1 IOB1 I0A2 I0B2
0 L H — —
1 H L L H
2 H L H L
(@)
TABLE 9
Read Data I0A1 IOB1 I0A2 I0B2
0 H L H L
1 L H H L
2 L H L H

®)

As has been described above, according to the present
invention, while an increase in circuit area is suppressed,
three written states are set in one memory cell, and write
times required for setting written states in memory cells are
independently made optimum by write verify control,
thereby obtaining an EEPROM capable of controlling the
threshold voltage distribution of each memory cell in which
data is finally written to fall within a small range at a high
speed. In addition, when two, four, or more written states are
set in one memory cell, the same effect as described above
can be obtained according to the purport and scope of the
present invention.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects is not limited to the specific details, and
representative devices shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

[1. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of programming control circuits coupled to
said memory cell array for storing data of first,
second, . . ., (n-1)th and nth predetermined logic levels
in data storage portions which define write voltages to
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be applied to respective of said memory cells, for
applying said write voltages to said respective of said
memory cells according to the data stored in said data
storage portions, for determining actual written states
of said memory cells, for modifying stored data from
said ith (i=2, 3, . . ., n-1, n) predetermined logic level
to said first predetermined logic level in the data storage
portions storing the data of said ith (respectively, i=2,
3, ..., n-1, n) predetermined logic level and corre-
sponding to the memory cells in which successful writ-
ing of said ith (respectively, i=2, 3, . . ., n-1, n) prede-
termined storage level has been determined, for
maintaining said stored data at said ith (=2, 3, ..., n-1,
n) predetermined logic level in the data storage portions
storing the data of said ith (respectively, i=2, 3, . . .,
n-1, n) predetermined logic level and corresponding to
the memory cells in which it has been determined that
said ith (respectively, i=2, 3, .. ., n—1, n) predetermined
storage level has not been successfully written, and for
maintaining said stored data at said first predetermined
logic level in the data storage portions storing the data
of said first predetermined logic level.]

[2. The device according to claim 1, wherein said data
stored in said data storage portions are initially set to initial
data, and then said initial data stored in said data storage
portions are modified.]

[3. The device according to claim 2, wherein said initial
data are loaded from at least one input line coupled to said
data storage portions.]

[4. The device according to claim 1, wherein said actual
written states of said memory cells corresponding to the data
storage portions storing the data of said ith (i=2, 3, ..., n-1,
n) predetermined logic level are simultanecously deter-
mined.]

[5. The device according to claim 1, wherein said actual
written states of said memory cells corresponding to the data
storage portions storing the data of said second, third, . . .,
(n-1)th and nth predetermined logic levels are simulta-
neously determined.]

[6. The device according to claim 1, wherein said data of
said ith (=2, 3, . . . , n-1, n) predetermined logic level stored
in the data storage portions corresponding to the memory
cells in which successful writing has been determined are
simultaneously modified to the data of said first predeter-
mined logic level.]

[7. The device according to claim 1, wherein said data of
said second, third, . . ., (n—1)th and nth predetermined logic
levels stored in the data storage portions corresponding to
the memory cells in which successful writing has been deter-
mined are simultaneously modified to the data of said first
predetermined logic level.]

[8. The device according to claim 1, further comprising a
plurality of data write end detection circuits coupled to said
data storage portions for simultaneously detecting whether
or not all of said data storage portions store the data of said
first predetermined logic level.]

[9. The device according to claim 8, wherein each of said
data write end detection circuits is provided for each of said
data storage portions.]

[10. The device according to claim 9, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data storage portion stores the data of
said first predetermined logic level.]

[11. The device according to claim 10, wherein said
applying, determining and modifying are continued until
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said data write end detection circuits output said program-
ming completion signal.]

[12. The device according to claim 1, wherein said
applying, determining and modifying are continued until
each memory cell is sufficiently written.]

[13. The device according to claim 1, wherein said write
voltages are simultaneously applied to said respective of said
memory cells.]

[14. The device according to claim 13, wherein said write
voltages defined by said data stored in said data storage por-
tions and applied to said respective of said memory cells
differ according to said data stored in said data storage por-
tions.]

[15. The device according claim 1, wherein said program-
ming control circuits are arranged adjacent to said memory
cell array.]

[16. The device according to claim 1, wherein each of said
programming control circuits is connected to a respective
one of said bit lines.]

[17. The device according to claim 1, wherein said pro-
gramming control circuits include bit line voltage regulators
for selectively changing voltages of said bit lines according
to said data stored in said data storage portions.]

[18. The device according to claim 17, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[19. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of programming control circuits coupled to
said memory cell array for storing data of first,
second, . . ., (n-1)th and nth predetermined logic levels
in data storage portions which define write voltages to
be applied to respective of said memory cells, said data
being initially set to initial data which are loaded from
at least one input line coupled to said data storage
portions, for applying said write voltages to said
respective of said memory cells according to the data
stored in said data storage portions, for determining
actual written states of said memory cells, for modify-
ing stored data from said ith (i=2, 3, . . . , n-1, n)
predetermined logic level to said first predetermined
logic level in the data storage portions storing the data
of said ith (respectively, i=2, 3, . . ., n-1, n) predeter-
mined logic level and corresponding to the memory
cells in which successful writing of said ith

(respectively, i=2, 3, . . ., n-1, n) predetermined storage
level has been determined, for maintaining said stored
data at said ith (i=2, 3, . . ., n-1, n) predetermined logic

level in the data storage portions storing the data of said
ith (respectively, i=2, 3, . . ., n—1, n) predetermined
logic level and corresponding to the memory cells in
which it has been determined that said ith (respectively,
i=2,3, ..., n-1, n) predetermined storage level has not
been successfully written, and for maintaining said
stored data at said first predetermined logic level in the
data storage portions storing the data of said first prede-
termined logic level.]
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[20. The device according to claim 19, wherein said actual
written states of said memory cells corresponding to the data

storage portions storing the data of said ith (i=2, 3, ..., n-1,
n) predetermined logic level are simultanecously deter-
mined.]

[21. The device according to claim 19, wherein said actual
written states of said memory cells corresponding to the data
storage portions storing the data of said second, third, . . .,
(n-1)th and nth predetermined logic levels are simulta-
neously determined.]

[22. The device according to claim 19, wherein said data
of said ith (i=2, 3, . . ., n-1, n) predetermined logic level
stored in the data storage portions corresponding to the
memory cells in which successful writing has been deter-
mined are simultaneously modified to the data of said first
predetermined logic level.]

[23. The device according to claim 19, wherein said data
of said second, third, . . . , (n—1)th and nth predetermined
logic levels stored in the data storage portions corresponding
to the memory cells in which successful writing has been
determined are simultaneously modified to the data of said
first predetermined logic level.]

[24. The device according to claim 19, further comprising
aplurality of data write end detection circuits coupled to said
data storage portions for simultaneously detecting whether
or not all of said data storage portions store the data of said
first predetermined logic level.]

[25. The device according to claim 24, wherein each of
said data write end detection circuits is provided for each of
said data storage portions.]

[26. The device according to claim 25, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data storage portion stores the data of
said first predetermined logic level.]

[27. The device according to claim 26, wherein said
applying, determining and modifying are continued until
said data write end detection circuits output said program-
ming completion signal.]

[28. The device according to claim 19, wherein said
applying, determining and modifying are continued until
each memory cell is sufficiently written.]

[29. The device according to claim 19, wherein said write
voltages are simultaneously applied to said respective of said
memory cells.]

[30. The device according to claim 29, wherein said write
voltages defined by said data stored in said data storage por-
tions and applied to said respective of said memory cells
differ according to said data stored in said data storage por-
tions.

[31]. The device according to claim 19, wherein said pro-
gramming control circuits are arranged adjacent to said
memory cell array.]

[32. The device according to claim 19, wherein each of
said programming control circuits is connected to a respec-
tive one of said bit lines.]

[33. The device according to claim 19, wherein said pro-
gramming control circuits include bit line voltage regulators
for selectively changing voltages of said bit lines according
to said data stored in said data storage portions.]

[34. The device according to claim 33, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[35. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;
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a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of programming control circuits coupled to
said memory cell array for storing data of first,
second, . . ., (n—1)th, and nth predetermined logic lev-
els in data storage portions which define write voltages
to be applied to respective of said memory cells, said
data being initially set to initial data which are loaded
from at least one input line coupled to said data storage
portions, for applying said write voltages to said
respective of said memory cells according to the data
stored in said data storage portions, for determining
actual written states of said memory cells, for maintain-
ing stored data at said first predetermined logic level in
the data storage portions storing the data of said first
predetermined logic level, and for selectively modify-
ing said stored data to the data of said first predeter-
mined logic level in only data storage portions initially
storing the initial data of said ith (i=2, 3, ..., n-1, n)
predetermined logic level and corresponding to the
memory cells in which successful writing of said ith
(respectively, i=2, 3, . . ., n-1, n) predetermined storage
level has been determined, such that only memory cells
which are not sufficiently written have write voltages
applied thereto which achieve the written state prede-
termined by the initial data in the respective memory
cell upon application of the write voltages to the respec-
tive memory cell.]

[36. The device according to claim 35, wherein said actual

written states of said memory cells corresponding to the data

storage portions storing the data of said ith (i=2, 3, ..., n-1,
n) predetermined logic level are simultaneously deter-
mined.]

[37. The device according to claim 35, wherein said actual
written states of said memory cells corresponding to the data
storage portions storing the data of said second, third, . . .,
(n-1)th and nth predetermined logic levels are simulta-
neously determined.]

[38. The device according to claim 35, wherein said data
of said ith (i=2, 3, . . ., n-1, n) predetermined logic level
stored in the data storage portions corresponding to the
memory cells in which successful writing has been deter-
mined are simultaneously and selectively modified to the
data of said first predetermined logic level.]

[39. The device according to claim 35, wherein said data
of said second, third, . . . , (n-1)th and nth predetermined
logic levels stored in the data storage portions corresponding
to the memory cells in which successful writing has been
determined are simultaneously and selectively modified to
the data of said first predetermining logic level.]

[40. The device according to claim 35, further comprising
aplurality of data write end detection circuits coupled to said
data storage portions for simultaneously detecting whether
or not all of said data storage portions store the data of said
first predetermined logic level.]

[41. The device according to claim 40, wherein each of
said data write end detection circuits is provided for each of
said data storage portions.]

[42. The device according to claim 41, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data storage portion stores the data of
said first predetermined logic level.]
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[43. The device according to claim 42, wherein said
applying, determining and selective modifying are contin-
ued until said data write end detection circuits output said
programming completion signal.]

[44. The device according to claim 35, wherein said
applying, determining and selective modifying are contin-
ued until each memory cell is sufficiently written.]

[45. The device according to claim 35, wherein said write
voltages are simultaneously applied to said respective of said
memory cells.]

[46. The device according to claim 45, wherein said write
voltages defined by said data stored in said data storage por-
tions and applied to said respective of said memory cells
differ according to said data stored in said data storage por-
tions.]

[47. The device according to claim 45, wherein said pro-
gramming control circuits are arranged adjacent to said
memory cell array.]

[48. The device according to claim 35, wherein each of
said programming control circuits is connected to a respec-
tive one of said bit lines.]

[49. The device according to claim 35, wherein said pro-
gramming control circuits include bit line voltage regulators
for selectively changing voltages of said bit lines according
to said data stored in said data storage portions.]

[50. The device according to claim 49, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[51. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . . (n—1)th and nth (n=3) predetermined stor-
age levels;

a plurality of cell selection circuits coupled to said
memory cell array for controlling selection of memory
cells and application of write voltages to the selected
memory cells;

a plurality of data circuits coupled to said memory cell
array for storing write control data of first, second, . . .,
(n-1)th, and nth predetermined logic levels which
define write control voltages to be applied to respective
of said memory cells selected by said cell selection
circuits, said write control data being initially set to
initial write control data which are loaded from at least
one input line coupled to said data circuits, for applying
said write control voltages to said respective of said
memory cells, for selectively sensing actual written
states of only those of said respective memory cells
corresponding to the data circuits in which the write
control data of said second, third, . . ., (n-1)th and nth
predetermined logic levels are stored, for maintaining
stored write control data at said first predetermined
logic level in the data circuits storing the write control
data of said first predetermined logic level, and for
selectively modifying said stored write control data to
the write control data of said first predetermined logic
level in only data circuits initially storing the initial
write control data of said ith (i=2, 3, . . . , n-1, n)
predetermined logic level and corresponding to the
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memory cells in which successful writing of said ith
(respectively, i=2, 3, . . ., n-1, n) predetermined storage

level has been sensed, such that only memory cells
which are not sufficiently written have write control
voltages applied thereto which achieve the written state
predetermined by the initial write control data in the
respective memory cell upon application of the write
control voltages to the respective memory cell.]

[52. The device according to claim 51, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said ith (i=2,3, ...,
n-1, n) predetermined logic level are simultaneously
sensed.]

[53. The device according to claim 51, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said second,
third, . . . , (n-1)th and nth predetermined logic levels are
simultaneously sensed.]

[54. The device according to claim 51, wherein said write
control data of said ith (i=2, 3, . . ., n-1, n) predetermined
logic level stored in the data circuits corresponding to the
memory cells in which successful writing has been sensed
are simultaneously and selectively modified to the write con-
trol data of said first predetermined logic level.]

[55. The device according to claim 51, wherein said write
control data of said second, third, . . . (n-1)th and nth prede-
termined logic levels stored in the data circuits correspond-
ing to the memory cells in which successful writing has been
sensed are simultaneously and selectively modified to the
write control data of said first predetermined logic level.]

[56. The device according to claim 51, further comprising
aplurality of data write end detection circuits coupled to said
data circuits for simultaneously detecting whether or not all
of said data circuits store the write control data of said first
predetermined logic level.]

[57. The device according to claim 56, wherein each of
said data write end detection circuits is provided for each of
said data circuits.]

[58. The device according to claim 57, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data circuit stores the write control
data of said first predetermined logic level.]

[59. The device according to claim 58, wherein said
applying, selective sensing and selective modifying are con-
tinued until said data write end detection circuits output said
programming completion signal.]

[60. The device according to claim 51, wherein said
applying, selective sensing and selective modifying are con-
tinued until each memory cell is sufficiently written.]

[61. The device according to claim 51, wherein said write
control voltages are simultaneously applied to said respec-
tive of said memory cells.]

[62. The device according to claim 61, wherein said write
control voltages defined by said write control data stored in
said data circuits and applied to said respective of said
memory cells differ according to said write control data
stored in said data circuits.]

[63. The device according to claim 51, wherein said data
circuits are arranged adjacent to said memory cell array.]

[64. The device according to claim 51, wherein each of
said data circuits is connected to a respective one of said bit
lines.]

[65. The device according to claim 51, wherein said data
circuits include bit line voltage regulators for selectively
changing voltages of said bit lines according to said write
control data stored in said data circuits.]
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[66. The device according to claim 65, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[67. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . . , (n—-1)th and nth (n=3) predetermined
storage levels;

a plurality of cell selection circuits coupled to said
memory cell array for controlling selection of memory
cells and application of write voltages to the selected
memory cells;

a plurality of data circuits coupled to said memory cell
array for storing write control data of first, second, . . .,
(n-1)th, and nth predetermined logic levels which
define write control voltages to be applied to respective
of said memory cells selected by said cell selection
circuits, for applying said write control voltages to said
respective of said memory cells, for selectively sensing
actual written states of only those of said respective
memory cells corresponding to the data circuits in
which the write control data of said second, third, . . .,
(n-1)th and nth predetermined logic levels are stored,
for modifying stored write control data from said ith
(i=2, 3, . .., n-1, n) predetermined logic level to said
first predetermined logic level in the data circuits stor-
ing the write control data of said ith (respectively, i=2,
3, ..., n-1, n) predetermined logic level and corre-
sponding to the memory cells in which successful writ-
ing of said ith (respectively, i=2, 3, . . ., n-1, n) prede-
termined storage level has been sensed, for maintaining
said stored write control data at said ith (i=2, 3, . . .,
n-1, n) predetermined logic level in the data circuits
storing the write control data of said ith (respectively,
i=2, 3, . . ., n-1, n) predetermined logic level and
corresponding to the memory cells in which it has been
sensed that said ith (respectively, i=2, 3, . . ., n-1, n)
predetermined storage level has not been successfully
written, and for maintaining said stored write control
data at said first predetermined logic level in the data
circuits storing the write control data of said first prede-
termined logic level.]

[68. The device according to claim 67, wherein said write
control data stored in said data circuits are initially set to
initial write control data, and then said initial write control
data stored in said data circuits are modified.]

[69. The device according to claim 68, wherein said initial
write control data are loaded from at least one input line
coupled to said data circuits.]

[70. The device according to claim 67, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said ith (i=2, 3, .. .,
n-1, n) predetermined logic level are simultaneously
sensed.]

[71. The device according to claim 67, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said second,
third, . . . , (n-1)th and nth predetermined logic levels are
simultaneously sensed.]
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[72. The device according to claim 67, wherein said write
control data of said ith (i=2, 3, . . ., n-1, n) predetermined

logic level stored in the data circuits corresponding to the
memory cells in which successful writing has been sensed
are simultaneously modified to the write control data of said
first predetermined logic level.]

[73. The device according to claim 67, wherein said write
control data of said second, third, . . . , (n—1)th and nth
predetermined logic levels stored in the data circuits corre-
sponding to the memory cells in which successful writing
has been sensed are simultaneously modified to the write
control data of said first predetermined logic level.]

[74. The device according to claim 67, further comprising
aplurality of data write end detection circuits coupled to said
data circuits for simultaneously detecting whether or not all
of said data circuits store the write control data of said first
predetermined logic level.]

[75. The device according to claim 74, wherein each of
said data write end detection circuits is provided for each of
said data circuits.]

[76. The device according to claim 75, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data circuit stores the write control
data of said first predetermined logic level.]

[77. The device according to claim 76, wherein said
applying, selective sensing and modifying are continued
until said data write end detection circuits output said pro-
gramming completion signal.]

[78. The device according to claim 67, wherein said
applying, selective sensing and modifying are continued
until each memory cell is sufficiently written.]

[79. The device according to claim 67, wherein said write
control voltages are simultaneously applied to said respec-
tive of said memory cells.]

[80. The device according to claim 79, wherein said write
control voltages defined by said write control data stored in
said data circuits and applied to said respective of said
memory cells differ according to said write control data
stored in said data circuits.]

[81. The device according to claim 67, wherein said data
circuits are arranged adjacent to said memory cell array.]

[82. The device according to claim 67, wherein each of
said data circuits is connected to a respective one of said bit
lines.]

[83. The device according to claim 67, wherein said data
circuits include bit line voltage regulators for selectively
changing voltages of said bit lines according to said write
control data stored in said data circuits.]

[84. The device according to claim 83, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[85. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines or bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of cell selection circuits coupled to said
memory cell array for controlling selection of memory
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cells and application of write voltages to the selected
memory cells;

a plurality of data circuits coupled to said memory cell
array for storing write control data of first, second, . . .
(n-1)th, and nth predetermined logic levels which
define write control voltages to be applied to respective
of said memory cells selected by said cell selection
circuits, for applying said write control voltages to said
respective of said memory cells, for sensing actual writ-
ten states of only those of said respective memory cells
corresponding to the data circuits in which the write
control data of said second, third, . . ., (n-1)th and nth
predetermined logic levels are stored, for modifying
stored write control data from said ith (i=2, 3, ..., n-1,
n) predetermined logic level to said first predetermined
logic level in the data circuits storing the write control
data of said ith (respectively, i=2, 3 . . ., n-1, n) prede-
termined logic level and corresponding to the memory
cells in which successful writing of said ith
(respectively, i=2, 3, . . ., n-1, n) predetermined storage
level has been sensed, for maintaining said stored write
control data at said ith (i=2, 3, . . ., n—1, n) predeter-
mined logic level in the data circuits storing the write
control data of said ith (respectively, i=2, 3, ...,n-1,n)
predetermined logic level and corresponding to the
memory cells in which it has been sensed that said ith
(respectively, i=2, 3, . . ., n-1, n) predetermined storage
level has not been successfully written, and for main-
taining said stored write control data at said first prede-
termined logic level in the data circuits storing the write
control data of said first predetermined logic level;

wherein results of said sensing of said actual written states
by the data circuits storing the write control data of said
ith (i=2, 3, . . ., n—-1, n) predetermined logic level are
determined on the basis of only whether or not the writ-
ten state of the respective memory cell is said ith
(respectively, i=2, 3, . . ., n-1, n) predetermined storage
level.]

[86. The device according to claim 85, wherein said write
control data stored in said data circuits are initially set to
initial write control data, and then said initial write control
data stored in said data circuits are modified.]

[87. The device according to claim 85, wherein said initial
write control data are loaded from at least one input line
coupled to said data circuits.]

[88. The device according to claim 85, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said ith (i=2, 3, .. .,
n-1, n) predetermined logic level are simultaneously
sensed.]

[89. The device according to claim 85, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said second,
third, . . . , (n-1)th and nth predetermined logic levels are
simultaneously sensed.]

[90. The device according to claim 85, wherein said write
control data of said ith (i=2, 3, . . ., n-1, n) predetermined
logic level stored in the data circuits corresponding to the
memory cells in which successful writing has been sensed
are simultaneously modified to the write control data of said
first predetermined logic level.]

[91. The device according to claim 85, wherein said write
control data of said second, third, . . . , (n—-1)th and nth
predetermined logic levels stored in the data circuits corre-
sponding to the memory cells in which successful writing
has been sensed are simultaneously modified to the write
control data of said first predetermined logic level.]
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[92. The device according to claim 85, further comprising
aplurality of data write end detection circuits coupled to said
data circuits for simultaneously detecting whether or not all
of said data circuits store the write control data of said first
predetermined logic level.]

[93. The device according to claim 92, wherein each of
said data write end detection circuits is provided for each of
said data circuits.]

[94. The device according to claim 93, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data circuit stores the write control
data of said first predetermined logic level.]

[95. The device according to claim 94, wherein said
applying, sensing and moditying are continued until said
data write end detection circuits output said programming
completion signal.]

[96. The device according to claim 85, wherein said
applying, sensing and modifying are continued until each
memory cell is sufficiently written.]

[97. The device according to claim 85, wherein said write
control voltages are simultaneously applied to said respec-
tive of said memory cells.]

[98. The device according to claim 97, wherein said write
control voltages defined by said write control data stored in
said data circuits and applied to said respective of said
memory cells differ according to said write control data
stored in said data circuits.]

[99. The device according to claim 85, wherein said data
circuits are arranged adjacent to said memory cell array.]

[100. The device according to claim 85, wherein each of
said data circuits is connected to a respective one of said bit
lines.]

[101. The device according to claim 85, wherein said data
circuits include bit line voltage regulators for selectively
changing voltages of said bit lines according to said write
control data stored in said data circuits.]

[102. The device according to claim 101, wherein said
voltages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[103. The device according to claim 85, wherein each of
said results is stored in the respective data circuit and used as
latest write control data.]

[104. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of cell selection circuits coupled to said
memory cell array for controlling selection of memory
cells and application of write voltages to the selected
memory cells;

a plurality of data circuits coupled to said memory cell
array for storing write control data of first, second, . . .,
(n-1)th, and nth predetermined logic levels which
define write control voltages to be applied to respective
of said memory cells selected by said cell selection
circuits, for applying said write control voltages to said
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respective of said memory cells, for sensing actual writ-
ten states of only those of said respective memory cells
corresponding to the data circuits in which the write
control data of said second, third, . . ., (n-1)th and nth
predetermined logic levels are stored, for modifying
stored write control data from said ith (i=2, 3, ..., n-1,
n) predetermined logic level to said first predetermined
logic level in the data circuits storing the write control
data of said ith (respectively, i=2, 3, . . ., n—1, n) prede-
termined logic level and corresponding to the memory
cells in which successful writing of said ith
(respectively, i=2, 3, . . ., n-1, n) predetermined storage
level has been sensed, for maintaining said stored write
control data at said ith (i=2, 3, . . ., n—1, n) predeter-
mined logic level in the data circuits storing the write
control data of said ith (respectively, i=2, 3, ...,n-1,n)
predetermined logic level and corresponding to the
memory cells in which it has been sensed that said ith
(respectively, i=2, 3, . . ., n-1, n) predetermined storage
level has not been successfully written, and for main-
taining said stored write control data at said first prede-
termined logic level in the data circuits storing the write
control data of said first predetermined logic level,

wherein with respect to said sensing of said actual written
states, the data circuits storing the write control data of
said ith (i=2, 3, . . ., n-1, n) predetermined logic level
sense only whether or not the written state of the
respective memory cell is said ith (respectively, i=2, 3,
n-1, n) predetermined storage level.]

[105. The device according to claim 104, wherein said
write control data stored in said data circuits are initially set
to initial write control data, and then said initial write control
data stored in said data circuits are modified.]

[106. The device according to claim 105, wherein said
initial write control data are loaded from at least one input
line coupled to said data circuits.]

[107. The device according to claim 104, wherein each of
said data circuits is connected to a respective one of said bit
lines, and the data circuits storing the write control data of
said ith (i=2, 3, . . ., n-1, n) predetermined logic level sense
voltage levels of the respective bit lines by comparing with
ith (respectively, i=2,3 . . ., n—1, n) reference voltage.]

[108. The device according to claim 104, wherein said
actual written states of said memory cells corresponding to
the data circuits storing the write control data of said ith (i=2,
3,...,n-1,n)predetermined logic level are simultaneously
sensed.]

[109. The device according to claim 104, wherein said
actual written states of said memory cells corresponding to
the data circuits storing the write control data of said second,
third, . . . , (n-1)th and nth predetermined logic levels are
simultaneously sensed.]

[110. The device according to claim 104, wherein said
write control data of said ith (i=2, 3, . . ., n-1, n) predeter-
mined logic level stored in the data circuits corresponding to
the memory cells in which successful writing has been
sensed are simultaneously modified to the write control data
of said first predetermined logic level ]

[111. The device according to claim 104, wherein said
write control data of said second, third, . . ., (n-1)th and nth
predetermined logic levels stored in the data circuits corre-
sponding to the memory cells in which successful writing
has been sensed are simultaneously modified to the write
control data of said first predetermined logic level.]

[112. The device according to claim 104, wherein said
applying, sensing and modifying are continued until each
memory cell is sufficiently written.]
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[113. The device according to claim 104, wherein said
write control voltages are simultaneously applied to said
respective of said memory cells.]

[114. The device according to claim 113, wherein said
write control voltages defined by said write control data
stored in said data circuits and applied to said respective of
said memory cells differ according to said write control data
stored in said data circuits.]

[115. The device according to claim 104, wherein said
data circuits are arranged adjacent to said memory cell
array.]

[116. The device according to claim 104, wherein each of
said data circuits is connected to a respective one of said bit
lines.]

[117. The device according to claim 104, wherein said
data circuits include bit line voltage regulators for selec-
tively changing voltages of said bit lines according to said
write control data stored in said data circuits.]

[118. The device according to claim 117, wherein said
voltages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[119. The device according to claim 104, wherein each of
results of said sensing is stored in the respective data circuit
and used as latest write control data.]

120. A multi-level nonvolatile semiconductor memory
device comprising:

a NAND-cell unit including a plurality of memory cells

connected in series, each of said memory cells includ-
ing a transistor with a control gate and a charge stor-
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age portion and having storage states of at least three
threshold voltage levels;

a plurality of word lines connected to respective control

gates;

a bit line coupled to one end of said NAND-cell unit;

a program circuit, coupled to said word lines and said bit

line, for applying a write voltage to the word line of a
selected memory cell, for applying a verify voltage to
the word line of the selected memory cell to determine
an actual threshold voltage of the selected memory cell
while applying a pass voltage to remaining word lines
of unselected memory cells in said NAND-cell unit to
make the unselected memory cells act as transfer
transistors, for applying a first level voltage to the bit
line to change the threshold voltage of the selected
memory cell in which it has been determined that the
threshold voltage has not reached a given threshold
voltage level, said first level voltage being combined
with said write voltage, and for applying a second level
voltage to the bit line to maintain the threshold voltage
of the selected memory cell in which it has been deter-
mined that the threshold voltage has reached said given
threshold voltage level, said second level voltage being
combined with said write voltage;

wherein said pass voltage is higher than said verify volt-

age.



