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[57] ABSTRACT

In reading data, data is transferred to data registers
starting from a data read start address to the last address
at a row (page), and data at the next page is transferred
to the data registers starting from a start address to the
last address at that page. These operations are repeated.
In writing data from an intermediate address of a page,
predetermined data is written in data registers not hav-
ing write data. It is possible to read data at consecutive
pages from a first predetermined column address to the
page last address, and to read data at consecutive pages
from a second predetermined column address to the
page last address. For the data structure having a first
data structure and a second data structure, it is possible
to continuously read a set of data having both the first
and second data structures and a set of data having only
the second data structure, improving the efficiency of a
system using a semiconductor memory device.
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1
SEMICONDUCTOR MEMORY DEVICE

INDUSTRIAL APPLICATION FIELD

The present invention relates to a semiconductor
memory, and more particularly to a semiconductor
memory capable of reading and writing data in unit of
page.

RELATED ART

In recent electrically erasable and programmable
read only memories (EEPROM), particularly NAND
type EEPROM, data can be read and written in unit of
page (256 bits to several thousands bits) because only a
small current flows during data write and erase. NAND
type non-volatile semiconductor memories having a
capacity of 4 M bits are practically used nowadays
(refer to 1988—ISSCC An Experimental 4 MB EE-
PROM with a NAND Structure Cell).

FIG. 22(a) shows the structure of two NAND bun-
dles each having eight memory cells MC of a floating
gate structure and connected between a bit line and a
source. The select gate of a memory cell selected for
data read is set to a low level, and the select gates of
remaining seven memory cells of the NAND bundle are
set to a high level. The gate (select line SL(1)) of a
select transistor T1 connected between the bit line and

the NAND bundle, and the gate (select line SL (2)) of a~

select transistor T2 connected between ground GND
and the NAND bundle, are both set to a high level. In
non-volatile semiconductor memories of a NAND
structure, as shown in FIG. 2(), threshold values of
data written memory cells distribute on the positive
side, and the dose of electrons into memory cells is
controlled so that the threshold values of data written
memory cells become lower than the gate potential (H
level) of non-selected transistors in the NAND bundle.
If the threshold voltage of the selected memory cell is
positive, current will not flow between the bit line BL
and ground GND to set the bit line to the high level. On
the contrary, if the threshold value of the selected mem-
ory cell is negative, current flows between the bit line
and ground GND to set the bit line to the low level. By
sensing the potential at the bit line, data in the selected
memory cell can be read.

Next, the write operation will be described. As
shown in FIG. 23(a), a high voltage (V) of about 20 V
is applied from a row decoder to the select gate of a
selected memory cell, and an intermediate voltage
(VPI) of about 10 V is applied to the select gates of the
other seven memory cells of the NAND bundle 0 V is
applied to the select gates of the other NAND bundle.
The gate voltage of the select. transistor between the
NAND bundle containing the selected memory cell and
the bit line is set to 12 V, and the gate voltage of the
select transistor between the NAND bundle and the
source line is set to 0 V. When the bit line is set toQ V
in this condition, the potentials of the drain, source, and
channel of all the memory cells in the NAND bundie
selected by the select transistors, become 0 V. There-
fore, a potential difference of 20 V is generated between
the select gate of the selected memory cell and its chan-
nel to inject electrons from the substrate into the float-
ing gate. Although a potential difference of 10 V is
generated between the select gates of the other seven
memory cells of the NAND bundle and their channels,
“0” data will not be written in the other seven memory
cells because the oxide film thickness between each
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floating gate and channel is set so as not to allow the
injection of electrons at the potential difference of 10 V.
If a write inhibit drain voltage (VDPI) of about 10 V is
applied to the bit line, the potential difference between
the select gate and channel of the selected memory cell
becomes 10 V, and data write is not effected. In the
above manner, “0” data is written in the selected mem-
ory cell by setting the bit line to 0 V, and “1” data is
written by setting the bit line to the VDPI voltage.

Lastly, the erase operation will be described. As
shown in FIG. 24, data is erased by removing electrons
from the floating gate into the substrate, by setting the
substrate to 20 V (V) and the select gate to 0 V. In this
case, to relax the gate stress of the select transistor, the
select line is set to 20 V (Vpp). In addition, not to set the
P-N junctions in the memory bundle to a forward biased
state, bit lines and source lines are opened and set to a
potential of about Vp.

In semiconductor memories of the NAND structure
whose data write is performed using tunnelling current,
current flowing in the bit line during data write is small.
Therefore, it is possible to write data at the same time in
several thousands memory cells.

FIG. 25 illustrates the operation modes of a practi-
cally used 4 M NAND structure semiconductor mem-
ory. As shown in FIG. 25(a), 512 bits * 8 (I/0)=4096
bit lines are laid out in the column direction, and 128
NAND bundies * 8 bits = 1024 word lines are laid out in
the row direction. In writing data in this memory, data
is inputted from an I/0 buffer circuit to respective data
registers connected to respective bit lines 512 times
(FIG. 25(b)), and thereafter, 4096 bits are simulta-
neously written in the memory. In reading data from the
memory, there are provided two modes. One is a ran-
dom read mode (FIG. 25(d)) in which a particular col-
umn address data is read after transferring data in each
memory cell to each data register, and the other is a
page read mode (FIG. 25(¢)) in which all data in the
data registers are only read. When a row address (page
address) is switched, the random read mode enters
which takes 10 psec in reading data in a memory cell.
When a column address (intra-page address) is
switched, the intra-page read mode enters which takes
70 nsec in reading data, providing a high speed data
read. FIG. 26 is a system diagram in block of a semicon-
ductor memory constructed as above. Each bit line is
connected to a sense amplifier circuit for judging a
potential on the bit line to read data in a memory cell,
and to a data register for latching read/write data. Each
data register is constructed such that data can be output-
ted and inputted when it is selected by a column de-
coder output corresponding to an entered column ad-
dress. A row decoder circuit is constructed such that
the above-described voltages different in the read,
write, and erase operations, are supplied to the selected
word line, to the other seven word lines of the NAND
bundle containing the selected memory cell, and to
word lines of other NAND bundles. Each of the read,
write, and erase modes is controlled by a command
code inputted from the 1/0 buffer circuit. As shown in
FIG. 27, a command code is received by a command
register in response to a clock of an external control
signal NWE, and the chip operation is determined in
accordance with the command decoder output corre-
sponding to the received command code. FIG. 28
shows timings in the random read (page read) and intra-
page read modes shown in FIG. 27. The access time
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(tace) when the row address is switched, is as slow as 10
psec. However, the access time (tpac) when the column
address is switched is as fast as 70 nsec. Therefore, an
average access time for continuous data read of one
page is as high as (10 pusec+70 nsec * 511)/512=89.3
nsec. FIG. 29 shows timings of input waveforms when
simultaneous data write is performed after serial data
input. When a command code [40] is inputted from the
1/0 buffer, the controller sets the chip to take a 512-
byte serial data input mode, and the 512-byte data and
the row address are inputted in response to clocks of the
external control signal NWE. When the 512-th byte
data is inputted, data of 4096 bits are automatically
written. Thereafter, to check whether the data has been
written correctly, a user enters a command [CO] to
perform a recovery operation and a verify operation. In
the recovery operation, the high voltage supplied to the
word lines and bit lines during data write is discharged.
In the verify operation, data at all column addresses are
read while sequentially incrementing the column ad-
dress. If the read-out data is different from the data
intended to be written, the user is required to enter the
command [40] and write data again. In a conventional
memory constructed above, in reading data of a desired
length from a desired address, it is necessary for the
memory control chip to check the column and row
addresses and access EEPROM after 10 usec when the
page address is changed, and after 70 nsec when the
intra-page address is changed. FIG. 30(a) illustrates a
program sequence of the memory control chip for the
case where continuous data is read from address 2 to
address 1F of a semiconductor memory having three
column addresses (A0 to A2) and seven row addresses
(A3 to AS8). FIG. 30(b) conceptually shows this pro-
gram sequence. The access time for reading data first is
10 usec because memory cell data is required to be
transferred to data registers. For the data from the ad-
dress 2 to 7, only the column address changes so that
data is read at 70 nsec while sequentially incrementing
the column address. For the data at the address 8, the
row address changes so that it is necessary to transfer
memory cell data to the data registers, requiring the
access time of 10 usec. For the data from address 8to F,
it is continuously read at 70 nsec.

It is therefore necessary for a conventional semicon-
ductor memory to use a program which changes the
data read speed in accordance with the number of bits
of one page. If the number of bits of one page of a mem-
ory to be used changes, the program for the memory
control chip is required to be changed.

FIG. 31(a) illustrates the program sequence of the
memory control chip for data write in a semiconductor
memory having the same column and row address con-
figuration as FIG. 30. As seen from the input waveforin
timings shown in FIG. 29, a conventional semiconduc-
tor memory performs data write after data of one page
has been inputted. Therefore, as shown in FIG. 31(a), if
data is to be written at addresses 2 to 7, unnecessary
dummy data is required to be written at addresses 0 and
1. Assuming that one page has 512 bits and only one bit
is to be written, unnecessary data of 511 bits is required
to be inputted. Furthermore, in a conventional semicon-
ductor memory, it is necessary to read data in the pro-
gram verify mode, compare the read data with the pro-
gram data, and judge whether data is required to be
written again, in order to judge whether the program
data has been written correctly. The program of the
memory control chip for writing data in a conventional
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semiconductor memory becomes therefore compli-
cated, posing a problem of a long time in writing data in
a semiconductor memory.

The present invention has been made under such
circumstances. It is therefore a first object of the present
invention to provide a semiconductor memory having a
short data write time and being capable of using a mem-
ory control chip not requiring page address manage-
ment and providing an easy control of a semiconductor
memory chip having a different page address.

Another object of the present invention will be dis-
cussed below.

In a conventional semiconductor memory capable of
reading and writing data in unit of page, the memory
control chip judges during continuous data read
whether the data is read at an address in the same page
of the preceding address. It is therefore necessary to
change the program for the memory control chip if a
semiconductor memory having a different number of
bits in one page is used. Furthermore, if a number of
semiconductor memories each having a different num-
ber of bits in one page are used, the memory control
chip is required to manage each address length of one
page of each semiconductor memory. Also, even if data
having a length shorter than one page, data of one page
is required to be inputted, posing a problem of a longer
data write time.

Data in a hard disk is generally managed in unit of 512
bytes which are stored in an optional location of the
disk. For this reason, if data larger than 512 bytes is to
be stored, the information of continuity of 512-byte
units of such data is required In a NAND type EE-
PROM used as a hard disk, the number of bits in the
column direction is set to 512 bytes (4 M bits), and the
continuity information is stored in redundant memory
cells (2 bytes). With such an arrangement, one random
data read operation enables data registers to read 512-
byte (one sector) information and the next sector ad-
dress (page address information).

FIG. 40 shows the structure of a data storage device
constructed of two chips of such a NAND type EE-
PROM of 4 M bits. In this data storage device, each
page has redundant memory cells of two bytes (11 bits
of two bytes are actually used) to store each page ad-
dress. Therefore, each page is constructed of data mem-
ory cells of 512 bytes (one sector) and redundant mem-
ory cells of 2 bytes for storing page addresses.

A continuous data reading method for such a data
storage device will be described below. Consider ad-
dress data representing page (1) is inputted from CPU.
Data in the memory at page (1) is randomly read and
transferred to data registers. The data of 512 bytes is
read in response to clocks of the external control signal.
In response to the following clocks of the external con-
trol signal, the redundant memory cell data of 2 bytes is
read. Consider then the next page address information
read from the redundant memory cells indicates the
consecutive page (2). In this case, CPU continues to
output clocks of the external control signal and continu-
ously read memory cell data at page (2). With the con-
secutive page information, data is automatically and
randomly read in response to clocks of the external
control signal. It is therefore unnecessary to input ad-
dress data during the random data read from page (2). If
the page address next to page (2) is also consecutive,
CPU continues to output clocks of the external control
signal to continuously read data from page (3). As
shown in FIG. 32, the page next to page (3) is a page
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(1023) of the other chip 2. Therefore, CPU disables the
chip 1, and selects the chip 2. CPU then outputs an
address of page (1023) to perform a random read at 10
usec. The data is then serially read in response to-clocks
of the external control signal. Thereafter, the address of
the next page (page (1024) of the chip 2) is read. Next,
the page address next to the page (1024) of the chip 2 is
read. The page address next to page (1024) of the chip
2 indicates page (1023) of the chip 1. Therefore, CPU
disables the chip 2 and selects the chip 1 again. In this
way, consecutive data each having 512 bytes is sequen-
tially read. In the redundant memory cells at the last
page, consecutive data termination information is being
written. When CPU reads this termination information,
it disables the chips 1 and 2 to stop reading data.

In a hard disk, only continuity data at each page is
generally required to obtain data allocation information
for the continuous data read. Only the continuity data at
each page is also required to read data, if a memory chip
is used in place of a hard disk. However, in an improved
NAND type EEPROM described above, each time the
continuity data at each page is read, it is necessary to
input the start address of redundant cells. Therefore,
there occurs a problem of making a larger load of the
system controlling a memory chip.

‘With a conventional semiconductor memory capable
of continuously read data in unit of page from an op-
tional address, in continuously reading data from a pre-
determined address within a page to the last address of
the page, it is necessary to input the intra-page address
each time the page data read starts.

It is therefore another object of the present invention
to provide a semiconductor memory capable of contin-
uously read each page data from a predetermined intra-
page address to the last address of the page, without
managing the intra-page address.

SUMMARY OF THE INVENTION

In a semiconductor memory according to the present
imvention, data from the start address to the last address
of the same page is continuously read. After reading the
data at the page last address, the data of the page is
transferred from memory cells to data registers. After
this data transfer, a signal indicating a disabled chip
access is outputted externally of the chip to automati-
cally allow one page continuous data read.

In writing data, data of one page is supplied to data
registers. In this case, a predetermined value of data is
set to data registers to which no data is supplied.

According to the semiconductor memory device of
the present mvention, it is possible to read data at con-
secutive pages from a first predetermined column ad-
dress within a page to the last address of the page, and
to read data at consecutive pages from a second prede-
termined column address within a page to the last ad-
dress of the page. Accordingly, in the semiconductor
memory storing a set of data including first and second
data structures, it is possible to continuously read a set
of data including both the first and second data struc-
tures, or continuously read a set of data including only
the second data structure, improving the system effi-
ciency of the semiconductor memory.

According to the present invention, the semiconduc-
tor memory can be operated without page address man-
agement by the memory control chip, further shorten-
ing a data write time.

According to the present invention, it is possible to
realize a non-volatile semiconductor memory capable
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6
of continuously reading data at pages in a memory cell
block selected by an upper column address than a pre-
determined column address without inputting a read
start address each time a page address changes, and
capable of configuring a system for controlling memory
chips.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a semiconductor
memory according to the present invention.

FIG. 2 is a table explaining the operation modes of a
semiconductor memory device according to the present
invention.

FIG. 3(a)-3(e) is a timing chart of the data read oper-
ation of a semiconductor memory device according to
the present invention.

FIG. 4(a)-4(b) is a circuit diagram of an address
buffer circuit according to the present invention.

FIG. 5 is a circuit diagram of an address input means
according to the present invention.

FIG. 6 is a circuit diagram of an address latch control
signal generator circuit according to the present inven-
tion.

FIG. 7(a)-7(b) is a circuit diagram of a shift register
circuit.

FIG. 8(2)-8(b) is a circuit diagram of another shift
register circuit.

FIG. 9 is a timing chart of internal signals explaining
the operation of the address input means shown in FIG.

FIG. 10 is a program sequence diagram for data read
of a semiconductor memory device according to the
present invention.

FIG. 11 illustrates an example of connections be-
tween a number of semiconductor memory devices
according to the present invention.

FIG. 12 is a timing chart of a data write operation of
a semiconductor memory device according to the pres-
ent invention.

FIG. 13 shows a data register circuit.

FIG. 14 is a timing chart of a data write operation of
a semiconductor memory device according to the pres-
ent invention.

FIG. 15 is a control program sequence diagram for
data write of a semiconductor memory device accord-
ing to the present invention.

FIG. 16 is a timing chart explaining the register read
operation of a semiconductor device according to the
present invention.

FIG. 17 is a circuit diagram of an output circuit of a
semiconductor memory device according to the present
invention.

FIG. 18 is a circuit diagram of an address register
read control circuit according to the present invention.

FIG. 19 is a timing chart of internal signals explaining
the operation of the output circuit shown in FIG. 17.

FIG. 20 is a timing chart explaining the power-on
reset operation of the semiconductor memory device
according to the present invention.

FIGS. 21(a)-21(c) show a command circuit and a
reset signal generator circuit for explaining the power-
on reset operation of a semiconductor memory device
according to the present invention.

FIG. 22(a)~22(b) is a diagram explaining the opera-
tion of memory cells.

FIG. 23 is a diagram explaining the operation of
memory cells.
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FIG. 24(a)-24(b) is a diagram explaining the opera-
tion of memory cells.

FIG. 25(a)-25(e) is a diagram explaining a conven-
tional data read operation.

FIG. 26 is a block diagram showing a conventional
non-volatile semiconductor memory device.

FIG. 27 is a table explaining operation modes of a
cgnventional non-volatile semiconductor memory de-
vice.

FIG. 28 is a timing chart of a data read operation of
a conventional non-volatile semiconductor memory
device.

FIG. 29 is a timing chart of a data write operation of
a conventional non-volatile semiconductor memory
device.

FIG. 30(a) -30(b) is a control program sequence dia-
gram for data read of a conventional non-volatile semi-
conductor memory device.

FIG. 31(a)-31(b) is a control program sequence dia-
gram for data write of a conventional non-volatile semi-
conductor memory device.

FIG. 32 shows another example of the address buffer

FIG. 33(a)-33(d) is a detailed diagram of a latch cir-
cuit

FIG. 34 is a timing chart of main signals during one
cycle of a random access and serial access.

FIG. 35 shows a circuit for transferring data in a data
register to a data output buffer.

FIG. 36 shows a circuit for outputting a pulse signal
PUL2. : .

FIG. 37 is a flow chart illustrating a conventional
data write operation to a data register.

FIG. 38 is a flow chart illustrating a data write opera-
tion to a data register according to an embodiment of
the present invention.

FIG. 39 is a circuit diagram showing an example of a
sense amplifier/data register according to an embodi-
ment of the present invention.

FIG. 40 is a block diagram showing a conventional
semiconductor memory system.

FIG. 41 is a circuit diagram showing an embodiment
of the present invention.

FIG. 42 is a block diagram showing an embodiment
of the present invention.

FIG. 43(a)-44(e) is a timing chart explaining an em-
bodiment of the present invention.

FIG. 44(a)-44(¢) is a timing chart explaining an em-
bodiment of the present invention.

FIG. 45 is a circuit diagram of an embodiment of the
present invention.

FIG. 46 is a timing chart explaining an embodiment
of the present invention.

FIG. 47 is a timing chart explaining an embodiment
of the present invention.

EMBODIMENTS

An embodiment of the present invention will be de-
scribed with reference to the accompanying drawings.
FIG. 1is a system diagram in block showing an embodi-
ment of a non-volatile semiconductor memory device of
the present invention. For the simplicity of description,
a semiconductor memory of 512 bits * 3 1/0 1536 bits
having column addresses (intra-page addresses) A0 to
A2 and row addresses (page addresses) A3 to A8 is
shown in FIG. 1. Memory celis are of a structure of 8
NAND cells similar to the memory device shown in
FIG. 26. The relationship between a bit line potential,
word line potential, and select gate potential during
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8
read/write is the same as the conventional case. An
external address is inputted via an 1/0 buffer circuit for
data read/write. Column addresses A0 to A2 are
latched in a column address buffer circuit, and row
addresses A3 to A8 are latched in a row address buffer
circuit. External control signals are inputted via respec-
tive input pins to a command circuit and internal opera-
tion control circuit to determine the operation mode of
the chip. The control circuit outputs a signal indicating
whether the chip is accessible or not to the external
circuit via a Ready/Busy pin. FIG. 2 shows the opera-
tion modes of the chip to be determined by the external
control signals. The external control signal CLE deter-
mines a command input mode, and the external control
signal ALE determines an address input mode. The
external control signal NCE is a chip select signal, and
the external control signal NWE operates as a clock
signal in response to which input data is fetched during
the command input mode, address input mode, or data
input mode. The external control signal NRE is a clock
signal providing an address increment function for read-
ing continuous addresses following an inputted address
during data read, and an output buffer enable function.
The semiconductor memory constructed as above en-
ters a data write or erase state when a glitch generates
on an inputted data signal and an erroneous command is
entered, having a possibility of destructing stored data.
To prevent this, the semiconductor memory of this
embodiment is provided with a program/erase protect
function for inhibiting the data write or erase operation
during an “L” state of the external control signal NWP.
As described above, a Busy signal of “L” level is out-

_putted from the Read/Busy output terminal when the

chip is not accessible, and a Read signal of “H” level is
outputted when the chip is accessible.

Next, the data read operation of the non-volatile
semiconductor memory of this embodiment will be
described. FIG. 3 shows inputted control signal wave-
forms and data output timings while data is continu-
ously read starting from the column address N at page
address M.

In the address input mode shown in FIG. 2, the col-
umn address and page address are inputted in the ad-
dress buffers, and an access disable signal of “L” level
representative of a Busy state is outputted to the exter-
nal circuit. In this case, as shown in FIG. 3(b), data in
memory cells connected to the selected word line is
outputted to bit lines and latched by data register cir-
cuits. After completion of this latch operation, an access
enable signal of “H” level representative of a Ready
state is outputted to the external circuit to inform the
chip controller of a data accessible state. Next, while
incrementing the inputted intra-page address (column
address) in response to clocks of the external control
signal NRE, data is outputted to the external circuit at
an access time of 70 nsec (FIG. 3(c)). When data read at
the last address at the same page is completed, the page
address is incremented and at the same time, the access
disable signal of “L” level representative of the Busy
state is outputted to the external circuit and data in
memory cells connected to the word line selected by
the new page address is latched in the data register
circuits (FIG. 3(d)). When this latch operation is com-
pleted, the access enable signal of “H” level representa-
tive of the Ready state is outputted to the external cir-
cuit. While incrementing the intra-page address (col-
umn address) starting from address 0 in response to
clocks of the external control signal NRE, data is out-
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putted to the external circuit (FIG. 3(e)). This continu-
ous data read is repeated until the data of a desired data
length is read. After the last data is read, the external
control signal NCE is set to “H” level to terminate a
series of data read operations.

FIG. 4 is a circuit diagram of the address buffer cir-
cuit constructed so as to receive an address and provide
the address increment operation. This address buffer
circuit is constructed of a binary counter using CMOS
transfer gates TG1 to TG4, means for setting the con-
tents of the binary counter to the logical level corre-
sponding to the inputted address signal, and means for
resetting the contents of the binary counter to a prede-
termined logical level. Dn is connected to an 1/0 termi-
nal for receiving address data from the external circuit.
A data latch control signal LPn is an internal control
signal which takes “L” level for a predetermined period
in response to the rising edge of the external control
signal NWE during the address input operation mode.
‘While LPn takes “L” level, address data inputted to the
1/0 terminal is transferred, via a NOR gate NOR1,
inverter INV1, NAND gate NANDI, clocked inverter
CINV1, and clocked inverter CINV2, to internal nodes
N2 and N4 of the binary counter. When LPn takes “H”
level after the predetermined period, the clocked in-
verters CINV1 and CINV2 are inactivated, whereas
clocked inverters CINV3 and CINV4 are activated.
Therefore, the address data is latched in the binary
counter, so that a signal same in phase with the latched
address data is outputted from an internal address signal
output terminal AiS of the address buffer circuit, and a
signal opposite in phase with the latched address data is
outputted from an internal address signal output termi-
nal AiSB. Input terminals Ai-1 S and Ai-1 SB of the
address buffer circuit are connected to the internal ad-
dress signal output terminals of the address buffer cir-
cuit one circuit before the first mentioned circuit. The
address buffer circuits are constructed such that when
the internal address signal of the preceding address
buffer circuit changes two periods, the internal address
of the succeeding address buffer circuit changes one
period. The internal address signal in each address
buffer circuit is inputted to the corresponding decoder
circuit to select a word line and bit line corresponding
to the internal address similar to the conventional cir-
cuit. A reset signal RST is used for resetting the internal
address signal AiS to “L” level and the internal address
signal AiSB to “H" level. When the reset signal changes
from “L” to “H” to “L”, the internal address signal is
set to the above-described predetermined logical level.

FIG. §is a circuit diagram explaining the operation of
the address buffer circuits of a semiconductor memory
of 1536 bits having column addresses A0 to A2 and row
addresses A3 to A8. In FIG. 5, each of address buffer
circuits ABUFO0 to ABUF 8 has the same structure as
that shown in FIG. 4 and corresponds to each of the
addresses A0 to AS.

An address latch control signal LP1 is inputted to the
address buffer circuits ABUFO to ABUF 2 for the ad-
dresses AQ to A2, an address latch control signal LP2 is
inputted to the address buffer circuits ABUF3 to ABUF
§ for the addresses A3 to AS, and an address latch con-
trol signal LP3 is inputted to the address circuits
ABUF6 to ABUFS8 for the addresses A6 to A8. The
data input terminals Dn of the address buffer circuits
ABUF0, ABUF3, and ABUF6 are connected in com-
mon to an 170 terminal 1/00, and the data input termi-
nals Dn of the address buffer circuits ABUF1, ABUF4,
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and ABUF7 are connected in common to an 1/O termi-
nal 1/01. The data input terminals Dn of the address
buffer circuits ABUF2, ABUFS, and ABUF8 are con-
nected in common to an I/0 terminal 1/02. Inputted to
the reset signal input terminals of the address buffer
circuits for the addresses A0 to A2 is an OR signal
between the signal RST and a signal DATARPUL.
The signal RST takes “H” level to reset the chip upon
power-on, and the signal DATAPUL takes “H” level
to clear the contents of the address register in the data
register read mode to be described later.

The operation of the circuit shown in FIG. 5§ will be
described with respect to the data read mode operation
shown in FIG. 3. When the external control signal
NWE is changed from “H” to “L” to “H” in order to
input address data from the data input terminal, an ad-
dress latch control pulse signal LPl changing from “H”
to “L” to “H” generates. The other address latch sig-
nals LP2 and LP3 are set to “H”. As a result, as de-
scribed before, address data supplied to the data I/0
terminals 1/00, 1/01, and 1/02 is latched in the address
buffer circuits for the addresses A0 to A2, and the inter-
nal address signals are set to logical levels correspond-
ing to the latched address data. Next, address data for
the addresses A3 to AS is inputted to the data I/0 termi-
nals I/00 to 1/02 and the external control signal NWE
is changed from “H” to “L” to “H”. Then, the address
latch control pulse signal LP2 changing from “H” to
“L” to “H” generates. The other address latch control
signals LP1 and LP3 are set to “H”.

As a result, address data for the addresses A3 to AS
supplied to the data I/O terminals 1/00, 1/01, and 1/02
is latched in the address buffer circuits ABUF3 to
ABUFS, and the internal address signals are set to logi-
cal levels corresponding to the latched address data.
Lastly, address data for the addresses A6 to A8 is input-
ted to the data 1/O terminals I/00 to I/02 and the
external control signal NWE is changed from “H” to
“L” to “H”. Then, the address latch control pulse signal
LP3 changing from “H” to “L” to “H” generates. The
address data for the addresses A6 to A8 is therefore
latched in the address buffer circuits ABUF6 to
ABUFS. In this way, with three steps of the NWE
pulses, address data for the addresses A0 to A8 supplied
to the 1/0 terminals is inputted to the address buffer
circuits.

FIG. 6 is a circuit diagram of the circuit for generat-
ing the address latch control signals LP1 to LP3. Shift
registers shown in FIG. 6 each have the same structure
as that shown in FIGS. 7 and 8. This circuit generates
negative logic data latch pulse signals LP1, LP2, and
LP3 during the address data input in response to a
LATPULA signal which takes “H” level for a prede-
termined period starting from the rising edge of the
external control signal NWE. When power is switched
on or the external control signal ALE changes its level
from “H” to “L”, the reset signal ARST takes “H” level
for a predetermined period. Therefore, the output of the
first shift register is initialized to “H” level, and the
outputs of the second to fourth shift registers are initial-
ized to “L” level. Next, when a positive logic LAT-
PULA signal is outputted in response to the first step
NWE clock during the address data input, a negative
logic address latch control signal L.P1 is outputted via
an NAND gate NAND2 because the output signal of
the first shift register takes “H” level. Also the contents
of the shift registers are advanced by one state in re-
sponse to the falling edge of the pulse signal LAT-
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PULA, so that the output of the second shift register
takes “H” level, and the outputs of the first, third, and
fourth shift registers take “L” level. When the LAT-
PULA signal is again outputted in response to the sec-
ond step NWE clock, a negative logic address latch
control signal LP2 is outputted via an NAND gate
NANDZ3 because the output of the second shift register
circuit takes “H” level. The contents of the shift regis-
ters are advanced further by one step in response to the
falling edge of the pulse signal LATPULA, so that the
output of the third shift register takes “H” level, and the
output of the first, second, and fourth .shift registers
take “L” level. Similarly, in response to the third step
NWE clock, an address latch signal LP3 is outputted
via a NAND gate NAND4. When the address input is
completed at the third step NWE clock, the output of
the fourth shift register takes “H” level, and a CLOCK
input signal to each shift register outputted from a NOR
gate NOR2 is set to “L"” level. A CLOKB input signal
to each shift register is set to “H” level by an NAND
gate NANDS. As a result, this circuit is constructed
such that even if the fourth and fifth step NWE clock
signals are inputted and the pulse signal LATPULA is
generated, an address latch control signal will not be
outputted because the output signals of the first to third
shift registers take “L” level.

After the completion of the address input in response
to three-step NWE clock signals, the Busy signal is
outputted when the level of the first latch data control
signal LP3 changes, thereby selecting a word line corre-
sponding to the internal address signal of the address
buffer circuit, indicating the row address. After a prede-
termined time delay (10 psec), data in memory cells of
one page with their control gates being connected to
the selected word line is read via bit lines and latched in
data registers.

Next, the data read operation from the data registers
by changing the external control signal NRE from “H”
to “L” to “H” will be described with reference to
FIGS. 5§ and 9. A pulse signal PUL is a signal outputted
during a serial data read operation when the external
control signal NRE is changed from “H” to “L”. This
signal PUL and its inverted signal PULB are supplied to
the input terminal Ai-1S and Ai-1SB or the address
buffer circuit ABUFO, respectively. However, it is con-
figured that the pulse signal PUL is not outputted when
the Read/Busy signal changes its level from “L” to “H”
when the column address is first read after the address
data is inputted and when the column address is first
read after the contents of the data registers are over-
written after the page address is changed. In the semi-
conductor memory constructed in this way, when the
external control signal NRE is changed from “H” to
“L” level after the address input (in FIG. 9, after input-
ting a column address 4), the contents of the data regis-
ter for the address 4 are outputted from the 1/O termi-
nal which changes its high impedance state to a prede-
termined level. At this time, as described previously, the
pulse signal PUL is not generated so that the binary
output signal (internal address signal) from the address
buffer circuit will not change. When the external con-
trol signal NRE changes next from “L” to “H” level,
the I/0 terminal takes the high impedance state. When
the external control signal NRE changes again from
“H” to “L” level, the pulse signal PUL generates so
that the internal address signal A0S of the address
buffer circuit ABUF0 changes from “L” to “H” level.
Thereafter, the contents of the data register selected by
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the internal address signal (column address 5) are out-
putted from the 1/0 terminal. When the external con-
trol signal NRE changes from “L” to “H” level, the
1/0 terminal takes the high impedance state. When the
external control signal NRE changes next from “H” to
“L”,"in response to the pulse signal PUL the internal
address A0S changes from “H” to “L” level. In re-
sponse to this level change of A0S, the internal address
signal A1S outputted from the address buffer circuit-
ABUF1 changes from “L” to “H” level. In this manner,
the internal address signals AOA, A1S, and A2S are
incremented in response to the signal PUL. When the
external control signal NRE changes from “H” to “L”
level at its fourth step, all internal column addresses are
set to “H” level so that a signal COLEND changes
from “L” to “H”. When the external control signal
NRE changes from “L” to “H” at the fourth step while
this signal COLEND takes “H” level, the pulse signal
PUL is outputted to increment the internal address and
the Ready/Busy signal changes from “H” to “L” level.
In this manner, after data is sequentially read starting
from the entered address to the column last address in
response to clocks of the external control signal NRE,
the internal column address indicates address 0, and the
row address (page address) is incremented. In response
to the Busy signal outputted, data of memory cells with
their gates connected to the newly selected word line is
transferred to data registers after the predetermined
read data read time (10 psec), and a Ready signal indi-
cating an accessible state of the chip is outputted from
the Ready/Busy output terminal. When the clock exter-
nal control signal NRE is inputted at the fifth step to
read data after the chip enters the ready state, the signal
PUL will not be outputted because this data read is
performed the first time after the Ready/Busy signal
changes from “L” to “H”. Therefore, the contents of
the data register at column address 0 are outputted from
the I/0 terminal.

Thereafter, data up to the last column address is read
in response to clocks of the external control signal
NRE, the Busy signal is again outputted from the Rea-
dy/Busy terminal as described previously, and the
memory cell data at the next page address is transferred
to the data registers. After data at the last column ad-
dress indicated by the internal address is read, the signal
COLEND changes from “L” to “H” and a signal
AEND changes from “L” to “H”. After data is read at
the last address, the data read at the next external con-
trol signal NRE is made inhibited. To this end, when the
signal AEND changes to “H” level after data is read at
the last address, the Ready signal maintains held at the
Ready/Busy output terminal, so that even when the
external control signal NRE changes from “L” to “H”,
the pulse signal PUL is not outputted. Because the Busy
signal is not outputted, memory cell data is not trans-
ferred to data registers. In this manner, the signal
AEND is controlled such that the address is not incre-
mented so as not to read memory cell data at address 0
after data is read at the last address in one chip.

FIG. 10 shows the program sequence for the memory
control chip for the continuous data read from the semi-
conductor memory constructed as above. In the semi-
conductor memory chip of this embodiment, data can
be read always at the same access time (70 nsec) if the
chip is accessible, and a program is not needed for judg-
ing whether the column address (intra-page address) is
the last address. Therefore, even if a chip having an
optional length of intra-page addresses is used, it is not
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necessary to change the memory control chip program.
In addition, even if a number of memories are used,
these memories can be managed by a simple memory
chip program. FIG. 11 shows an example of connecting
a number of semiconductor memories constructed as
above. By using an external control signal NCE as the
highest address, this system can be managed as a singe
semiconductor memory having the capacity greater
than bits of one semiconductor memory.

FIG. 12 shows waveforms of external control signals
and data input timing for data write into the above-
described semiconductor memory. When a serial data
input command 80H is imputted in the command data
input mode, the chip enters an address input mode and
a program start address is inputted. In the address input
mode, similar to the above-described data read mode,
the column address and page address are inputted to the
address buffer circuits at the third step of the external
control signal NWE, each internal address signal being
set to a predetermined logical level corresponding to
the input address data. In the above-described data read
mode, after inputting address data at the third step, a
Busy signal is outputted from the Ready/Busy output
terminal to transfer memory cell data to data registers.
In the serial data input mode, however, the Ready sig-
nal is held at the Ready/Busy output terminal and mem-
ory data is not transferred to data registers. When the
serial data input command 80H is inputted, all data in
data registers are initialized to “H” level.

This operation will be described with reference to the
data register circuit shown in FIG. 13 and the timing
chart shown in FIG. 14. FIG. 13 shows the data register
circuit provided for each bit line. Clocked inverters
CINVS and CINV6 provide a data latch function, and
the clocked inverter CINVS provides a_function of a
sense amplifier during data read. An N-channel transis-
tor with a signal PRE supplied to its gate is used when
pre-charging the data latch circuit portion. At this time,
the bit line is electrically disconnected from the data
latch circuit portion by an N-channel transistor with a
signal BLCD supplied to its gate. This data register
circuit is connected, via a column gate transistor with a
column decoder output signal CSLj inputted to its gate,
to a common bus line 10i/10iB provided for each 1/0.
‘When a serial data input command 80H is inputted from
the 1/0 terminal, all the column gate transistors are
made non-conductive, signals SENB and RLCHB are
set to “H” level, and signals SEN and RLCH are set to
“L.’ level. Therefore, the clocked inverters CINVS and
CINV6 become inactive. At the same time, a precharge
signal PRE changes to “H” level, precharging nodes
BLj of all data registers to “H” level. After this pre-
charge, the signal SEN changes from “L” to “H” level
and the signal RLCHB changes from “H” to “L” level,
so that the nodes NBLj are set to “L” level. After set-
ting the levels of the nodes BLj and NBLjj, the signal
SENB changes from “H” to “L” and the signal RLCH
changes from “L” to “H?”, so that the set data is latched
by the data register circuit. Upon this initializing opera-
tion, the nodes BLj of all data registers are set to “H”
level, and data of all data registers is set to “1”. After
completion of the address input, a signal SDIC changes
from “L” to “H” so that the write data and inverted
write data are transferred from the 1/0 terminal to the
common bus line I0i/10iB. Next, a column decoder
output signal CSL6 corresponding to the column ad-
dress (address 5) inputted when the external control
signal NWE takes “L” level becomes “H” level. Be-
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cause the current drive capability of buffer inverters
BUF1 and BUF?2 for driving the common bus line is set
sufficiently larger than that of the clocked inverters
CINVS5 and CINVS, the latch contents in the data regis-
ter selected by the column decoder output signal CSL6
is overwritten with the write data on the common bus
line. In this manner, data input for the addresses 5 to 7
is performed in response to clocks of the external con-
trol signal NWE. As a result, as the contents in the data
registers for the column addresses 0 to 4, the data “1”
when initialized is latched, and as the contents in the
data registers for the column addresses § to 7, data
inputted from the I/0O terminal is latched. When a pro-
gram command 10H is inputted in the command input
mode after the data input mode, data is written in mem-
ory cells of the chip.

During this data write, the potential of the power
source BVITH of the latch circuit changes from V. to
VDPI of 10 V. At the same time, the potential of the
signal BLCD changes from 0 V to a high potential of
about 12 V so that the bit line and the latch circuit are
electrically connected. As a result, the bit line having
the data register with data ““1” is set to the VDPI poten-
tial, and the bit line having the data register with data
“0" is set to O V. Electrons are therefore injected in the
floating gate of the memory cell connected to the bit
line having the data register with data “0” and selected
by the word line, to write data “0” in the memory cell.
During the data write operation, the Busy signal is
outputted from the Ready/Busy output terminal, and
after the predetermined data write time, the Ready
signal is automatically outputted. Whether the data
write operation has been correctly performed can be
checked by entering a flag read command 70H in the
command input mode and reading the automatic verify
results stored in the internal register from the 1/0 termi-
nal. Such a flag read function is practically used also in
conventional semiconductor memories, and so the de-
scription is omitted.

FIG. 15 shows the program sequence for the memory
control chip whereby data at addresses 2 to 7 is written
in the semiconductor memory constructed as above.
According to the semiconductor memory of this em-
bodiment, it is possible to enter data starting from an
intermediate address of a page and automatically initial-
ize the data at addresses before the start column address
to predetermined data. It is therefore unnecessary to
enter a dummy data input command as shown in the
conventional example shown in FIG. 31, enabling to
shorten the program time.

Next, an address register read function of the semi-
conductor memory of this embodiment will be de-
scribed. This function is used when reading the internal
address information normally latched in the address
register after the address input after the data read or
data write, or after incrementing the internal address in
response to clocks of the external control signal NWE.

FIG. 16 is a timing chart of external control signals
when reading the contents of the address register of the
embodiment circuit. FIG. 17 is a circuit diagram of the
output buffer of the non-volatile semiconductor device
of the embodiment. FIG. 18 is a circuit diagram of the
address register read control circuit for generating sig-
nals AREG1 to AREG3 and signals NAREG1 to NA-
REG3 shown in FIG. 17. First to fourth shift registers
shown in FIG. 18 have the same structure as that shown
in FIGS. 7 and 8. When EOH is entered in the com-
mand input mode, the chip enters a register read mode.
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The signal ADDR shown in FIG. 18 changes from “L”
to “H” level, and output nodes AS1, AS2, AS3, and
AS4 of the shift registers shown in FIG. 18 are reset to
“H”, “L”, “L”, and “L” levels respectively in response
to a positive logic pulse signal ARRST having a prede-
termined duration. If the chip takes the data read mode
before the register read mode, the control signal
READ/NREAD of the clocked inverter CINV7
shown in FIG. 17 are set to “H”/“L” levels. Therefore,
data on the common bus line IOiB detected by the
current mirror circuit CM has been transferred to the
node OUT. When the register read mode is effected, the
signal READ changes from “H” to “L” level and the
clocked inverter CINV7 becomes imactive. However,
because the latch circuit LAT formed by an inverter
having a smaller current drive capability than the
clocked inverters CINV7 to CINV10 is connected to
the node OUT, the level at the node OUT is held to the
level before the register read mode. Next, when the
external controls ignal NRE is changed to “L” level in
order to read the contents of the address register, the
level of the node ADR shown in FIG. 18 changes from
“L” to “H” level. As a result, the clocked inverter
CINVS shown in FIG. 17 becomes active and the data
corresponding to the logical level of the internal ad-
dress signal AOS is latched at the node OUT. A signal
BUS shown in FIG. 17 is an internal Busy signal having
an opposite phase to the signal outputted to the Ready/-
Busy output terminal, and takes “L” level because the
chip is accessible during the register read mode. When
the external control signal NRE changes to “L” level, a
node OE changes from “L” to “H” level and a signal
having the same phase as the internal address signal
AOS latched at the node OUT is outputted to I/00
terminal. Signals having the same phase as the internal
address signals ADl, A1S, and A2S are adapted to be
outputted to the 1/0 terminals 1700, 1/01, and 1/02.
Therefore, the internal addresses A0 to A2 can be read
at the same time in response to a clock of the external
control signal NRE. When the external controls ignal
NRE is changed next from “L” to “H” level, the node
ADR takes “L” level and the clocked inverter CINVS8
becomes inactive. In response to the level change of the
external control signal NRE, a negative logic puise
signal AREGPUL such as shown in FIG. 19 generates
so that the output node AS1 of the shift register shown
in FIG. 18 changes from “H” to “L” and the output
node AS2 changes from “L” to “H”. As a result, upon
the level change of the external control signal NRE at
the second step from “H” to “L”, the signal AREG2
takes “H” level so that data corresponding to the logical
level of the internal address signal A3S is latched via the
clocked inverter CINV9 at the node OUT. At the same
time, the level of the node OE changes from “L” to “H”
so that a signal having the same phase as the internal
address signal A3S is outputted to the I/00 terminal. At
the same time, signals having the same phase as the
internal addresses A4S and ASS are outputted to the
1/01 and 1/02 terminals. When the external control
signal NRE changes at the second step from “L” to
“H”, in response to the pulse signal AREGPUL the
output node AS2 of the shift register circuit shown in
FIG. 18 changes from “H” to “L” and the output node
AS3 changes from “L” to “H”. When the external con-
trol signal NRE changes at the third step from “L” to
“H” level, the output node AS4 of the shift register
changes to “H” level so that the output level of the shift
register does not change in response to the signal
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AREGPUL. As a result, even if the external control
signal NRE is inputted at the fourth step, the signals
AREG1 to ARGE3 do not take “H” level, but the
signal having the same phase as the internal address
AOS last latched at the node OUT is outputted to the
1/00 terminal. When the register read command EOH
is again inputted, the contents of the shift register are
reset in response to the pulse signal ARRST to allow to
read again the internal addresses A0 to AS.

Next, the data register read function will be de-
scribed. This function is used for checking the contents
of the data register after inputting data. As shown in
FIG. 16, when a register read command EOH is entered
in the command input mode, a positive logic pulse sig-
nal DATARPUL generates which clears the internal
column address latched in the address buffer circuit
shown in FIG. § to address 0. As described with the
data read operation, in response to clocks of the external
control signal NRE, the contents of the data register
inputted in the data input mode can be continuously
read from the internal address 0 to the last column ad-
dress. Although in the read mode, the Busy signal is
automatically outputted from the Ready/Busy output
terminal when the data at the last column address is
read, in the register read mode the Ready signal is held
at the Ready/Busy output terminal in response to the
level change of the signal ADDR and the Busy signal is
not outputted. Further, although in the data read mode,
the row address is automatically incremented when the
data at the last column address is read, in the register
read mode the row address is not incremented because
of the signal ADDR. As a result, after checking the
contents of the data registers in the data register read
mode, it is possible to write the contents of the data
register inputted before the data registers read mode
correctly in memory cells at a particular row address.

Next, the operation of resetting the internal address
resister and data register upon power-on of the semicon-
ductor memory of this embodiment will be described In
this embodiment, an external control signal NWP is set
to “L” level upon power-on and it is set to “H” level
after the power-on, to reset the internal address register
and data register. The external control signal NWP is
used for preventing the chip from erroneously over-
writing the contents of the data registers and reading/-
writing data from/to memory cells to be caused by
noises on other external control signals, the external
control signal NWP controlling to execute or not exe-
cute operation modes associated with such erronecus
operations. As shown in the operation mode table of
FIG. 2, the chip is constructed such that the data input,
program/erase, data transfer from memory cells to data
registers, are inhibited when the external control signal
NWP takes “L” level. In order to inhibit the data input
operation, the signal PUL shown in FIG. § is set to “H”
level while the external control signal NWP takes “L”
level so that the increment operation of the internal
address is not performed. Inhibited therefore are the
generation of the precharge signal PRE for the reset
operation of the data register circuit, the data transfer
from the common bus to the data registers and the latch
operation respectively under the control of signals
SEN/SENB, RLCH/RLCHS, and CSL}j.

FIGS. 21(a) to 21(c) are circuit diagrams of a pro-
gram/erase command input circuit. A  signal
CMDWES changes from “H” to “L” level in response
to the external control signal NWE in the command
input mode. A signal CMDWESB is a signal opposite in
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phase to the signal CMDWES. When a predetermined
command code is inputted to the I/O terminal in the
command mode, the corresponding control signal of the
command input circuit takes “H” level. The internal
operation of program/erase is controlled by an output
signal PROG/ERASE of the command circuit shown
in FIG. 21. Therefore, by inhibiting the signal
PROG/ERASE to take “H” level in response to the
internal signal WPSB same in phase with the external
control signal NWP, the program/erase operation can
be inhibited when the external control signal NWP
takes “L” level. The data transfer operation from mem-
ory cells to data registers is performed when detecting
the level change from “L” to “H” of the internal signal
opposite in phase to the signal outputted from the Rea-
dy/Busy output terminal. Therefore, by holding this
signal to “L” level in response to the internal signal
WPSE, the data transfer operation can be inhibited
when the external control signal NWP takes “L” level.
As above, the external control signal NWP is used for
inhibiting overwriting the contents of the data registers,
the data write/erase operation for a meémory cells, and
for initializing the contents of the internal registers and
data registers upon power-on. FIG. 21(c) shows a reset
pulse generator circuit. When the external control sig-
nal NWP changes from “L” to “H” level, a positive
logic reset pulse RST generates. This reset signal RST
is inputted to the address buffer circuits shown in FIG.
4. Therefore, the output signals AiS of all address buffer
circuits are reset to “L” in response to the positive logic
reset signal RST, to reset the internal addresses to ad-
dress 0. A positive logic reset signal ARST is inputted
to the data latch control signal generator circuit shown
in FIG. 6 at the same time when the reset signal RST is
outputted. Therefore, the level at the output node of the
shift register of the data control signal generator circuit
is set to the predetermined level described previously.
A reset signal ARRST is inputted to the address register
read control circuit shown in FIG. 18 at the same time
when the reset signal RST is outputted. Therefore, each
output node of each shift register circuit is reset to the
predetermined level described previously. Data latched
at each data register is reset to data “1” in response to
the reset signal RST. The reset operation by the reset
signal RST is the same as the data register initial setting
operation after the data input command 80H is entered
in the data input mode. With this reset operation, there
are executed a precharge operation by the signal PRE
while the column gate transistor CSLj is non-conduc-
tive and a latch operation by the signal SEN/SENB and
RLCH/RLCHB. According to the non-volatile semi-
conductor device constructed as above, it is possible to
inhibit the write/erase operation by fixing the external
control signal NWP to “L” level even if the external
control signals NCE, CLE, and ALE are unstable upon
power-on, and to reliably reset the latch circuits of the
chip by changing the external control signal NWP from
“L” to “H” after the power source voltage takes a
predetermined level.

Another embodiment of the present invention will be
described. FIG. 32 shows address buffer circuits each
address buffer labeled with ABUF having the same
structure as that shown in the first embodiment. In the
second embodiment, another stage of latch circuits
ACLI are connected to the output side of the column
address buffers for addresses A0 to A2. Each latch
circuit ACLi has the structure shown in FIG. 33. Latch
control signals REP and REPB are opposite in phase.
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When REP takes “H” level, the output signals A0 to A2
of the address buffers ABUFO0 to ABUF?2 are fetched to
hold them while REP takes “L” level. Since the latch
circuits hold current addresses in the manner described
above, it is possible to shorten the time required for
incrementing the contents of the address buffer circuits
by incrementing them in advance.

FIG. 35 shows a circuit for transferring data latched
at the data register to the data output buffer. SDiB is a
signal representing the data which was latched by the
data register, inputted via the bus lines I0i and I0iB
shown in FIG. 13 to the current mirror sense, and am-
plified. When a signal CENA takes “H” level, SDiB is
inputted to a latch A and latched when CENA takes
“L” level. When CENBB takes “H” level, the data is
transferred to a latch B and latched when CENBB takes
“L” level. By using this circuit, it becomes possible to
receive data at the next address from the data register at
the latch A while outputting the data in the latch B to
the external circuit of the chip.

The serial data read of this circuit according to the
present invention will be described. FIG. 34 is a timing
chart of main signals during one cycle of the random
access and serial access. Signals PRE, BLCK, SEN,
SENB, RLCH, and RLCHB are shown in FIG. 13.
During the random access, the signal changes as shown
in FIG. 34. After inputting three steps of addresses or
after the serial access, the random read starts. When the
Ready state enters, the word line selected by the previ-
ous operation is released and a word line to be accessed
is selected. Thereafter, the signal PRE takes “H” level
to precharge the bit line and data register. At this time,
BLCD takes “H” level so that the bit line nd data regis-
ter are connected together. Thereafter, PRE takes “L”
level, and then the signal SEN changes from “L” to
“H” to “L” and the signal RLCHB changes from “H”
to “L” to “H”. As a result, the node BL;j of the data
register is latched to “H” level. Thereafter, the signal
RDENBR takes “H” level to apply a predetermined
voltage to the control gate of a selected one of eight
NAND cells. After the predetermined time lapse, the
signal SEN changes from “L” to “H” and the signal
SENB changes from “H” to “L”, so that CINVS shown
in FIG. 15 is activated to sense the data. Thereafter,
RLCH changes from “L” to “H” and RLLCHB changes
from “H” to “L” to latch the sensed data of one page.
After the predetermined time lapse, data of the column
start address is transferred from the data register to the
output latches A and B. Namely, in response to the
signal CEN, the output gate CSLij of the data register
corresponding to the start address opens and the data is
transferred to the current mirror sense amplifier. At the
same time, CENAB is changed from “H” to “L” to “H”
to transfer the data to the latch A. At this time, CENA
changes from “L” to “H” to “L”. CENBB is a signal
operating generally in the same phase with NRE. When
CENARB first changes from “H” to “L” to “H”, the
input gate of the latch B is open and so the data is trans-
ferred to the latch B. At the same time, the column
address counters ABUF0 to ABUF2 are incremented
once by PUL 1, the outputs indicating the next address.
However, the internal address still indicates the start
address because REP remains “L” level. The above
operations are executed in the random access time per-
iod, and the Ready/Busy signal is set to “H” to inform
the external circuit of the chip of the random read com-
pletion. In the following serial access, when the external
control signal NRE takes “L” level, the start address
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data is outputted via the data output buffer from the
latch B to the external circuit. At the same time, the
chip performs the transfer operation of the next address
data to the latch A. Namely, in response to the clock of
the control signal NRE when the start address is output-
ted, the signal REP is outputted to receive the next
address data in ABUF0 to ABUF2 at the address output
latches ACLO to ACL2 (thereafter, the contents of the
column address buffer is incremented by using the sig-
nal PUL1, to obtain the second next address as the data
in ABUFO to ABUF2). In response to the signals CEN
and CENAB, the next address data in the data register
corresponding to the next address is transferred to the
latch A. Thereafter, the control signal NRE takes “H”
level, and the start address data is outputted, CENBB
also takes “H” level, to thereby transfer the next address
data in the latch A to the latch B. As above, address n
data is outputted in response to a clock of the external
control signal NRE and at the same time address n+1
data is transferred from the data register. Therefore, the
serial access time as viewed from the outside of the chip
is the time required for the data in the latch B to be
outputted from the data output buffer, shortening the
cycle time of data output. In this embodiment, data in
the address buffers ABUF0 to ABUF2 indicates the
address two addresses after the presently outputting
address, and data in the address output latches ACLO to
ACL2 indicates the address one address after the pres-
ently outputting address. As a result, it is necessary to
provide a signal for incrementing the row addresses
AsS to A8S after the last column address data is output-
ted. As shown in FIG. 32, in this embodiment, as an
input signal to the address buffer ABUF3, a signal PUL
2 is inputted. FIG. 35 shows the circuit which outputs
the signal PUL2. When the address data one address
after the last column address is outputted during the
serial access by NRE clocks, the address output latches
ACLO to ACL2 indicate the last column address. In
response to this, a signal COLEND is outputted to
indicate the last column address. When a clock of the
control signal NRE is outputted to output the last col-
umn address data, in response to the rising edge of the
NRE signal a pulse signal is outputted to the node NA
of the circuit shown in FIG. 36. At this time, one of the
gates of NANDI1 is inputted with “H”. Therefore, a
flip-flop F1 is set and the node NB takes “H” level.
When the last address data is outputted and the control
signal NRE takes “H” level, PUL2 is set to “H” level
through NAND2 and holds this “H” level until the
flip-flop F1 is reset through a delay circuit DELAY3.
The delay time of the delay circuit DELAY3 is set not
to receive the pulse outputted to the node NA in re-
sponse to a clock of the control signal NRE when the
signal COLEND takes “H” level for the address one
address after the last column address. As above, PUL2
is outputted upon detection of an output of the last
address data, and the contents of the address buffers A3
to A8 are incremented to perform the random access of
the next page.

Next, the description will be given for the case
wherein data can be written correctly even if there is a
defective bit line.

FIG. 37 is a flow chart explaining the internal preset
operation of the embodiment chip described above after
entering the data input command. In the operation fol-
lowing this flow chart, the following problem occurs if
there is a defective bit line Al short-circuited to the
source line.
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Generally, the column address of such a defective bit
line is stored in a redundant circuit by means of a blown
fuse or the like. When the address of the defective bit
line is selected, the bit line of the column redundance
circuit is selected in place of the defective bit line. How-
ever, the precharge operation and the initial data preset
operation of data registers, respectively shown in FIG.
37, are performed for all bit lines irrespective of the
column address Therefore, as shown in FIG. 13, the
data register for the defective bits to be remedied by the
redundant circuit is preset with write inhibit data “1”
because the transistor with the signal PRE inputted to
its gate becomes conductive. In this case, the following
problem occurs. In the data latch circuit shown in FIG.
13, the potential of the power source VBITH of the
latch circuit for the data register changes from the ex-
ternal power source potential V. to the power source
VDPI potential (10 V) supplied from the voltage
booster built in the chip, and the signal BLCD changes
from O V to the internal power source potential 12 V.
Under these conditions, the node BLj of the data regis-
ter connected to the defective bit line becomes “H”
level by the preset operation. Therefore, the P-channel
transistor of the clocked inverter CINV6 becomes con-
ductive to flow a leakage current from the power
source VBITH to the ground. The power source poten-
tial VDPI supplied from the voltage booster has a small
current supply capability, generally of 1 mA or smaller.
Therefore, as the leakage current flows through the
defective bit line, the power source VBDI potential
becomes lower than 12 V. The potentials of other write
inhibit bit lines also become lower than 12 V, causing an
erroneous data write.

FIG. 38 is a flow chart illustrating the write operation
eliminating such a problem according to another em-
bodiment of the present invention. FIG. 39 is a circuit
diagram of a sense amplifier and data register of this
embodiment. In this embodiment, when the data input
command is entered, each bit line is charged via an
N-channel transistor RiNi connected to the bit line.
After a predetermined data read time after the bit line is
charged, the signal BLCD is set to “H" level to transfer
the data on the bit line to the data register. During this
predetermined time, all select lines are set to a non-
select state. As a result, the level at the bit line with
leakage lowers to “L” level, and the level at the normal
bit line without leakage maintains “H” level. The level
of the bit line is latched by the data register. After this
bit line leakage test, the data register connected to the
defective bit line is latched with write data “0” irrespec-
tive of the data in the memory cell, and the level at the
node BLj of the data register is preset to “L” level. The
data register connected to the normal bit line is latched
with write data “1”, and the level at the node BL;j of the
data register is preset to “H” level. As shown in FIG.
38, upon completion of the bit line leakage test mode,
write data at the address designated in the address input
mode is inputted to the data register, to thereafter per-
form the data write.

In this embodiment, the contents of the data register
connected to the defective bit line are data “0” as de-
scribed above. Therefore, the P-channel transistor TrP1
of the clocked inverter CINV6 of the data register is
non-conductive. From this reason, even if the BLCD is
set to 12 V after the start of the data write operation, a
leakage current will not flow from the power source
VBITH to the ground, preventing the voltage of the
VBITH from lowering.

TOSHIBA CORP.
EXHIBIT 1005 - PAGE 0057



5,297,029

21

The data register preset operation using the bit line
leakage test may be executed when a reset command for
FF or the like is inputted. In such a system, prior to the
data write, i.e., prior to entering the data input com-
mand, an FF reset command is executed. As a result, the
contents of the data register connected to the defective
bit line are preset to data ““0”, and the contents of the
data register connected to the normal bit line are preset
to data “1”. The data input command is entered thereaf-
ter to input data at the designated address and thereafter
write data.

As described above, according to this embodiment of
the present invention, the contents of the data registers
of one page are continuously read starting from the
entered address, thereafter a Busy signal representing
the access inhibition of the chip is outputted to the
external circuit, and the row address is automatically
incremented to transfer data in the memory cells to the
data registers. Accordingly, memory cell data of a de-
sired data length can be continuously read without the
address management of one page by the external circuit
of the chip.

Furthermore, when data from the address designated
by the input address to an optional address is inputted,
the contents of the data registers at the addresses of the
designated page are automatically set to predetermined
data. Accordingly, the data write for data smaller than
one page can be executed without inputting one page
data, shortening the data write time. Still further, the
chip reset operation upon power-on is performed using
a program/erase protect signal, reliably resetting the
chip contents without using a power-on reset circuit.

Another embodiment of the present invention will be
described with reference to associated drawings FI1G.
41 is a circuit diagram showing the layout of memory
cells for pages (1) to (8). In this example, 8-byte memory
cells are provided in the column direction. One NAND
bundle has serially connected eight memory cells, a
drain side select lines, and a source side select line 103.
A plurality of NAND bundles disposed in parallel in the
column direction for eight pages. FIG. 42 is a system
diagram in block showing the non-volatile semiconduc-
tor memory device according to the present invention.
The different point of the device shown in FIG. 42 from
that shown in FIG. 1 is only the number of bits for the
1/00 to 1/07, column addresses A0 to A8, and row
addresses A9 to A18. The column address AD to A8
inputted from an 1/O pin 111 is stored in a column
address buffer circuit 105. The row address A9 to A18
is stored in a row address buffer circuit 107. The other
circuit portions are the same as FIG. 1.

The data read operation of the non-volatile semicon-
ductor memory of this embodiment will be described.
First, the operation in the first data read mode of the
non-volatile semiconductor memory of the embodiment
will be described with reference to FIG. 43. FIG. 43 is
a diagram showing inputted external control signal
waveforms and data output timings when memory cell
data is continuously read from an address designated by
inputted column address (intra-page address) N and
page address M.

First, in the address input mode shown in FIG. 2, the
column address and page address are received in the
address buffers, and an access disable signal of “L” level
indicating the Busy state is outputted to the external
circuit. As shown in FIG. 42(4), memory cell data of
page M connected to the selected word line, i.e., at row
address M, is outputted to bit lines and latched in the
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data register circuits. After this latch operation, an ac-
cess enable signal of “H” level indicating the Ready
state is outputted to inform the chip controller of the
ready state of data read. Next, as shown in FIG. 43(c),
in response to a clock of the external control signal
NRE sent from the chip control system, data is output-
ted at the access time of 70 nsec starting from the input-
ted intra-page address (column address) N while incre-
menting the internal column address. Next, when data is
read at the last intra-page address (column address 519),
as shown in FIG. 43(d), the internal page address (inter-
nal row address) is incremented, the access disable sig-
nal of “L” level indicating the Busy state is outputted to
the external circuit, and memory cell data connected to
the word line selected by the new internal page address
(M + 1) is latched by the data register circuits. After this
latch operation, the access enable signal of “H” level
indicating the Ready state is outputted to the external
circuit. As shown in FIG. 43(e), in response to a clock
of the external control signal NRE, data is outputted
starting from the intra-page address (column address) 0
at page (M + 1) while incrementing the internal column
address. These operations are repeated for the data of a
desired length. After reading the last data, the external
control signal NCE is set to “H” level to terminate a
series of data read operations.

Next, the operation in the second data read mode of
the non-volatile semiconductor memory of the embodi-
ment will be described with reference to FIG. 4. FIG.
44 is a diagram showing inputted external control signal
waveforms and data output timings when memory cell
data is continuously read from an address designated by
inputted column address N and page address M in the
address input mode. Similar to the first data read mode,
in the address input mode, the column address and page
address are received in the address buffers, and the
access disable signal of “L” level indicating the Busy
state is outputted to the external circuit. As shown in
FIG. 44(b), similar to the first data read mode, memory
cell data of page M is outputted to bit lines and latched
in the data register circuits. After this latch operation,
the access enable signal of “H” level indicating the
Ready state is outputted to inform the external circuit of
the ready state of data read. Next, in response to a clock
of the external control signal NRE, data is outputted
starting from the inputted intra-page address (column
address). In the second data read mode, the address
buffer is constructed such that the internal address indi-
cates address 5124 N basing upon the column address
N inputted in the address input mode. Therefore, ad-
dress N in the 8-byte redundant cells becomes the start
address for the serial data read. As shown in FIG. 44(c),
memory cell data in the data registers is sequentially
outputted to the external circuit at the access time of 70
nsec starting from address N in redundant cells, in re-
sponse to clocks of the external control signal NRE,
while incrementing the internal intra-page address (in-
ternal column address). After data at the last intra-page
address (column address 19) is serially read, the internal
page address is incremented and the access disable sig-
nal of “L” level indicating the Busy state is outputted to
the external circuit. As shown in FIG. 44(d), memory
cell data connected to the word line selected by the
incremented next internal address (M + 1) is latched to
the data register circuits. After this data latch, the ac-
cess enable signal of “H” level indicating the Ready
state is outputted to the external circuit. Different from
the first data read mode, the internal intra-page address
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(internal column address) is reset to the start address
(address 512) of redundant cells. Therefore, when a
clock of the external control signal NRE is supplied
from the external circuit after the chip enters the Ready
state, as shown in FIG. 44(¢) memory cell data is contin-
uously read starting from the intra-page address 512
(address 0 of 8-byte redundant cells) in response to the
external control signal NRE. The first serial data read
after the address input starts from the designated col-
umn address, whereas the serial data read after incre-
menting the internal page address starts from the ad-
dress 0 (column address 5§12) of redundant cells. These
continuous data read operations continue to the last
address of the chip. After reading the last data, the
external control signal NCE is set to “H” level to termi-
nate the data read.

As the address buffer circuit, the circuit shown in
FIG. 4 is used. As described previously, the address
buffer circuit is constructed so as to perform the address
input and increment operations.

FIG. 45 is a circuit diagram of address buffer circuits
explaining the internal address operation of a 4 M-bit
non-volatile semiconductor memory having column
addresses AO to A8 and row addresses A9 to A18 ac-
cording to the present invention. The structure of each
address buffer circuit labeled ABUF0 to ABUF18, and
ABUFSE is the same as the address buffer circuit
shown in FIG. 4. The address buffer circuits ABUFO to
ABUF18 output internal addresses A0S to A18S. A
control signal LP1 is supplied to the latch signal input
terminal (LPn) of each of the address buffer circuits
ABUF0 to ABUF7, and ABUFSE. A control signal
LP2 is supplied to the latch signal input terminal of each
of the address buffer circuits ABUF8 to ABUF15. A
control signal LP3 is supplied to the latch signal input
terminal of each of the address buffer circuits ABUF16
to ABUF18. Data input terminals Dn of the address
buffer circuits ABUF0, ABUFS, and ABUF16 are con-
nected in common to an I/00 terminal. Data input
terminals of the address buffer circuits ABUF1,
ABUF9, and ABUF17 are connected in common to an
1/01 terminal. Similarly, data input terminals of the
address buffer circuits ABUF2, ABUF10, and ABUF18
are connected in common to an I/02 terminal. Data
input terminals of the address buffer circuits ABUF3
and ABUF11 are connected to an I/03 terminal, data
input terminal of the address buffer circuits ABUF4 and
ABUF12 are connected to an 1/04 terminal, data input
terminals of ABUF5 and ABUF13 are connected to an
1/05 terminal, data input terminals of ABUF6 and
ABUF14 are connected to an I/06 terminal, and data
input terminals of ABUF7 and ABUF1S5 are connected
to an 1/07 terminal. Supplied to reset terminals (RST)
of the address buffer circuits ABUF0 to ABUFS8 for the
column addresses A0 to A8 is a signal COLRST which
is an OR signal between a signal RST taking “H” level
for resetting the internal of the chip upon power-on and
a pulse signal COLEND taking “H” level when data at
the last column address is read. Supplied to the reset
terminals of the address buffer circuits ABUF9 to
ABUF18 for the row addresses A9 to A18 is the reset
signal RST. Inputted to the reset terminal of the address
buffer circuit ABUF8E added for the selection of re-
dundant memory cells disposed from the 512-th byte in
the column direction is a NOR signal between a signal
opposite in phase to the signal COLRST and an internal
control signal EX taking “L” level in the first data read
mode and “H” level in the second data read mode.
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Connected to input terminals Ai-1S and Ai-1SB of the
address buffer circuits ABUF1 to ABUFS, and
ABUF10 to ABUF18 are internal address signal output
terminals AiS and AiSB for the lower addresses of the
address buffer circuits. The input terminal Ai-1S of the
address buffer circuit ABUFO for the lowest column
address is supplied with a pulse signal PUL taking “L”
level for a predetermined time in response to the falling
edge of the external conmtrol signal NRE. The other
input terminal Ai-1SB thereof is supplied with the in-
verted signal PULB of the pulse signal PUL. The input
terminal Ai-1S of the address buffer circuit ABUF9 for
the lowest row address is inputted with an inverted
signal of the signal COLRST. The other input terminal
Ai-1SB thereof is inputted with the signal COLRST.
The input terminal Ai-1S of the address buffer circuit
ABUFSE is connected to the internal address signal
output terminal AiS of the address buffer circuit
ABUFS, and the other input terminal Ai-1SB thereof is
connected to the internal address signal output terminal
AisB of the address buffer circuit ABUFS.

The internal address signals A0S to A8S, and ASES
and their inverted signals outputted from the address
buffer circuits ABUF0 to ABUFS, and ABUFS8E are
inputted to the column decoder circuit as described
previously. In this embodiment, the column address has
10 bits. It is therefore possible to select bit lines of one
byte among 1024 bytes at a maximum. The redundant
memory cells are constructed of eight bytes so that the
last column address is address 519. In this embodiment,
in order not to select an internal address after address
519, there is provided a last column address detector
means for detecting when the last column address 519 is
detected. When the last column address is selected, the
level at the internal address output terminal of each
column address buffer takes the following values:
A0S=“H”, AO0SB=“L”; Al1S=“H", A1ISB=“L”;
A2S=“H”, A2SB =“L”; A3S=*L”, A3SB="H";
A4S=“L”, A4SB=“H”: A58 =“L”, AS5SB=“H";
A6S=“L”, A6SB=“H>, A7S=“L”, A7SB =“H";
A8S=“L”, A8SB=“H", ASES=“H", ASESB=“L".
In this embodiment, a logical circuit A is constructed
such that the signal COLEND changes from “L” to
“H” level when the last address is selected and ABES,
A0S, A1S, and A2S all take “H” level. Using a change
of the signal COLEND, it is checked whether the last
column address is selected or not. A signal REPUL
shown in FIG. 37 is an internal pulse signal taking “H”
level for a predetermined time when the external con-
trol signal NRE changes from “L” to “H” level.

The operation of the address input mode wherein
address data inputted from the 1/0 terminal to the ad-
dress buffer circuit is stored will be described below.

The external control signal NWE is changed from
“H” to “L” to “H” in order to input address data from
the data input terminals. Then, an address latch control
signal LP1 generates which changes from “H” to “L”
to “H”. The other address latch control signals LP2 and
LP3 are set to “H”. As a result, as described previously,
address data AO to A7 supplied to the 1700 to 1/07
terminals are latched by the address buffer circuits and
the internal address signals are set to logical levels cor-
responding to the inputted address data. Next, the exter-
nal control signal NWE is changed from “H” to “L” to
“H” in order to input address data A8 to A15 from the
data input terminal I/00 to I/07. Then, the puise ad-
dress latch control signal LP2 generates which changes
from “H” to “L” to ““H”. The other address latch con-
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trol signals LP1 and LP3 are set to “H”. As a result,
address data A8 to A15 supplied to the I/00 to 1/07 is
latched by the address buffer circuits ABUF8 to
ABUF15 and the internal address signals are set to
logical levels corresponding to the inputted address
data.

Lastly, address data A16 to A18 is supplied to the
1/00 to 1/07 terminals and the external control signal
NWE is changed from “H” to “L” to “H”. As a result,
the address latch control signal LP3 generates which
changes from “H” to “L” to “H”. The address data A16
to Al18 are latched by the address buffer circuits
ABUF16 to ABUF18. In the above manner, with the
three steps of the NWE pulse, address data A0 to A18
supplied to the I/0 terminals are inputted to the address
buffer circuits.

The circuit for generating the address latch control
signals LP1 to LP3 is the same as shown in FIG. 6.

The serial data read operation in the first and second
data read modes will be described next.

First, the operation of the first data read mode will be
described. The first and second data read modes can be
effected when a predetermined command is entered
from the external circuit in the command input mode.
When the predetermined command is entered, the inter-
. nal control signal EX changes from “L” to “H” level.
When this command is entered again, the internal con-
trol signal EX changes from “H” to “L” level. Instead
of using the command, the internal control signal EX
may be replaced with an externally inputted internal
control signal. The internal control signal may be de-
signed as desired by a chip designer. In this embodi-
ment, in the first data read mode in which the column
data read start address is set to address 0 after the ran-
dom data read, the internal control signal EX takes “L”
level, and in the second data read mode in which the
column data read start address is set to address 512, the
internal control signal EX takes “H” level. In the first
data read mode with the internal control signal EX set
to “L” level, when the negative logic address latch
control signal LP] is outputted in the address input
mode, the address buffer circuit ABUFS8E latches the
internal address signal of “L” level, the output signal
ASES of the address buffer circuit is set to “L” level,
and A8ESB is set to “H” level. FIG. 46 is a timing chart
of external and internal control signals explaining the
first data read mode wherein column address 3 is set in
the address input mode of the first data read mode.

The data read operation when the external control
signal NRE is changed from “H” to “L” to “H” after
the first random data read, will be described in the
following. The pulse signal PUL is outputted when the
external control signal NRE changes from “H” to “L”
to “H” in the data read mode. As described previously,
the signal PUL and its inverted signal PULB are sup-
plied to the input terminals Ai-1S and i-1SB of the ad-
dress buffer circuit ABUF0. However, for the data read
from the column address immediately after the address
input and for the data read from the column address
immediately after the page address is switched and the
data register contents are changed, this pulse signal
PUL is not outputted even when the Ready/Busy signal
changes from “L” to “H”. In the semiconductor mem-
ory constructed as above, the external control signal
NRE changes from “H” to “L” level after the address
input. Since the internal address signal A8ES is set to
“L” level, the contents of the data register at address 3
are outputted to the I/0 terminal which changes from
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the high impedance state to a predetermined level cor-
responding to the output data.

The pulse signal PUL does not generate at the first
NRE clock as described above. Therefore, the internal
address signal to be outputted from the address buffer
circuit does not change, but the data at address 3 is
outputted to the external circuit. When the external
control signal NRE changes next from “L” to “H”
level, the 1/0 terminal takes the high impedance state.
‘When the external control signal NRE changes from
“H” to “L” level again, the pulse signal PUL generates.
As a result, the internal address signal A0S of the ad-
dress buffer circuit ABUFO0 changes from “H” to “L”
level. In response to the level change of the internal
address signal A0S, the internal address signal A1S of
the address buffer circuit ABUF1 changes from “H” to
“L” level. In response to the level change of the ad-
dress signal A1S, the internal address signal A2S
changes from “L” to “H” level. Thereafter, the con-
tents of the data register (at column address 4) selected
by the internal address are outputted to the 1/0 termi-
nal. When the external control signal NRE changes
thereafter from “L” to “H” level, the I/0 terminal takes
the high impedance state.

As above, the internal column address determined by
the internal column address signals A0S to ABES is
sequentially incremented. When the external control
signal NRE changes from “H” to “L” level at the 517-
th step, the internal address signals A0S, A1S, A2S, and
AB8ES are all set to all “H” level as described previ-
ously, changing the signal COLEND from “L” to “H”
level. A pulse signal REPUL is a positive logic signal to
be outputted in response to the level change from “L”
to “H” of the external control signal NRE. When the
external control signal NRE changes from “L” to *H”
level while the signal COLEND takes “H” level, the
positive logic pulse signal COLRST corresponding to
the pulse signal REPUL is outputted to increment the
internal row address. At the same time, the Busy signal
is outputted to start the random data read. Also at this
time, the column address buffers ABUFO0 to ABUFS,
and ABUFSE are reset and the internal column ad-
dresses indicate address 0. In this manner, the serial data

" read is executed in response to clocks of the external
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control signal NRE. After data at the last column ad-
dress in redundant memory cells is read, the internal
column address takes address 0 and the internal row
address (page address) takes incremented row address.
After a predetermined random data read time, memory
cell data at the incremented row address is transferred
to data registers, and the Ready signal is outputted to
the Ready/Busy terminal. Thereafter, at the first serial
data read upon input of the clock of the external control
signal NRE, the signal PUL will not be outputted as
described previously because the Ready/Busy signal
changed from “L” to “H” level. Therefore, the contents
of the data register at address 0 are outputted to the I/O
terminal.

Thereafter, the data serial read is executed up to the
last column address in response to clocks of the external
control signal. Thereafter, the Busy signal is again out-
putted to the Ready/Busy terminal, and memory cell
data at the next page address is transferred to data regis-
ters. The serial data read thereafter continues in re-
sponse to clocks of the external control signal NRE.

Next, the operation of the second data read mode will
be described. In the second data read mode, the internal
control signal EX takes “H” level. In the address input

TOSHIBA CORP.
EXHIBIT 1005 - PAGE 0060



5,297,029

27

mode, the negative logic address latch control signal
LP1 is outputted. As a result, the address buffer circuit
ABUSFSE latches the internal address signal of “H”
level, the output signal AS8ES of the address buffer
circuit is set to “H” level, and ASESB is set to “L”
level. Therefore, when address N is designated in the
address input mode, the internal column address takes
address 512+ N. In other words, when address N is
designated in the second data read mode, it means that
address N in a redundant memory cell block is desig-
nated. FIG. 47 is a timing chart of external and internal
control signals explaining the second data read mode
wherein column address § is set in the address input
mode of the second data read mode. The operations of
the address input mode and the random data read mode
thereafter are the same as those described with the first
data read mode. Thereafter, the serial data read mode
starts in response to a clock of the external control
signal NRE. Since ASES takes “H” level, data in the
data registers is sequentially read from the column ad-
dress 517 (5124-5) to the last column address 519. In the
second data read mode, the internal column address
signal A8ES is fixed to “H” level, and the internal ad-
dress determined by the internal column address signals
A0S to AS8S is incremented by the signal PUL. When
the external control signal NRE changes at the third
step from “H” to “L” level, the internal address signals
A0S, A1S, A2S, and ASES all take “H” level. As a
result, similar to the first data read mode, the signal
COLEND changes from “L” to “H” level When the
external control signal NRE changes from “L” to “H”
level while the signal COLEND takes “H” level, the
pulse signal COLRST is outputted. Therefore, similar
to the first data read mode, the row address is incre-
mented, and the address buffers ABUF0 to ABUF8 are
reset by the reset signal COLRST. However, in this
case, the reset terminal of the address buffer circuit
ABUFSE is inputted with a NOR signal between the
inverted signal of the pulse signal COLRST and the
signal EX of “H” level in the second data read mode.
Therefore, even if the pulse signal COLRST is output-
ted, the address buffer circuit ABUFSE is not reset. As
a result, the internal address signals A0S to AS8S are set
to “L” level, and A8ES is set to “H” level. The internal
address after reading data at the last column indicates
address 512. Thereafter, similar to the first data read
mode, the random data read is performed to read mem-
ory cell data to data registers. Then, the Ready signal is
outputted to the Ready/Busy terminal. After the ran-
dom data read, the external control signal NRE is
changed to perform the serial data read of memory cell
data at the incremented row address, so that the con-
tents of the data registers are sequentially read starting
from the column start address 512 of the redundant
memory cell block. After data is read up to the last
column address in response to clocks of the external
control signal NRE, the Busy signal is again outputted
to the Ready/Busy terminal, and memory cell data at
the next page addresses is transferred to data registers.
Thereafter, the serial data read is again executed start-
ing from the column start address of the redundant
memory cell block.

The circuit of this embodiment described above has
the first and second data read modes. In the first data
mode, inputted data is read starting from the corre-
sponding memory cell address, the serial data read con-
tinues up to the last column address of the redundant
memory cells, and thereafter, data at the next page is
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read starting from address 0. In the second data mode,
inputted data is read starting from an optional redun-
dant memory cell address, the serial data read continues
up to the last column data, and thereafter, data at the
next page is read starting from address 0 of redundant
column memory cells. As a resuit, the chip control is
easy and the load on the external system is small, for the
case where only redundant memory cell data is continu-
ously read. The embodiment circuit shown in FIG. 41 is
constructed of memory cells of 512 bytes in the column
direction and redundant memory cells of 8 bytes in the
column direction. However, as appreciated from the
contents of the present invention, the invention is not
limited only to such a memory structure. Furthermore,
in this embodiment, page continuity information is
stored in redundant memory cells. The invention is also
applicable to the case where the data structure is con-
structed of (A1+B1)4+(A2+B2)+. .. +(An+Bn) (A
and B are the same data length), and data of the data
structure (B1+B2+. .. +Bn) is required to be continu-
ously read. In this case, there are provided column
address buffer circuits as many as they are sufficient for
designating the data length of A+ B, and a circuit for
controlling the address buffer reset operation enabling
the internal column address to indicate the start address
of data B after data at the last column address is read in
the second data read mode. This can be easily realized
through modification of the embodiment circuit of the
present invention.

For example, the number of overwrite times may be
stored in a redundant bit of a page. When this number
exceeds the number of write/erase times allowed by the
ratings of the NAND cell structure EEPROM, such
information is written in a redundant bit of the page so
as not to access this page thereafter. With such a system
design, the reliability of the semiconductor memory
device can be further improved. In such a case, it is
necessary to continuously read the number of write/e-
rase times stored in a redundant bit at a predetermined
time interval, and to write a flag data “0” level in the
redundant bit when the number exceeds the predeter-
mined value. Accordingly, if data only in the redundant
bits is continuously read in the second data read mode,
it is possible to check the numbers of overwrite times of
all pages at high speed.

Furthermore, by applying this embodiment to the
fundamental data structure of A+B+C, the same data
in the memory chip can be continuously read in differ-
ent data lengths of A+B+C, B4+C, and C. In such a
case, at the serial data read after reading data at the last
column address, the address buffer circuit is controlled
such that the internal column address indicates address
0 in the first data read mode, that the internal column
address indicates the start address of data B in the sec-
ond data read mode, and that the internal column ad-
dress indicates the start address of data C in the third
data read mode.

We claim:

1. A semiconductor memory device having a plural-
ity of memory cells disposed in a matrix form, data in
said memory cells at a selected row being transferred in
parallel to a plurality of data registers, the data trans-
ferred in said data registers being serially outputted to
an external circuit, and the above-described operations
being repeated to allow a page data read operation,
comprising:

address input means for storing a data read start ad-

dress inputted from said external circuit;
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address control means for incrementing an internal

address stored in said address input means;

read means for transferring data in said memory cells

to said data registers after outputting data of one
page from said data registers; and

busy signal output means for outputting a busy signal

indicating a disabled access to said external circuit
while said read means is transferring data.

2. A semiconductor memory device having a plural-
ity of memory cells disposed in a matrix form, and a
plurality of data stored from an external circuit in a
plurality of data registers being written simultaneously
in said memory cells at a selected row to allow a page
data write operation, comprising:

address input means for storing a data write start

address inputted from said external circuit;
address control means for incrementing an internal
address stored in said address input means;

data input means for writing data from said external

circuit into said data registers among said plurality
of data registers designated by said internal ad-
dresses; and

data setting means for setting data in the other data

registers not written with data to a predetermined
write data.

3. A semiconductor memory device having a plural-
ity of memory cells disposed in a matrix form, data in
said memory cells at a selected row being transferred in
parallel to a plurality of data registers, the data trans-
ferred in said data registers being serially outputted to
an external circuit, the above-described operations
being repeated, a plurality of data stored from said ex-
ternal circuit in said plurality of data registers being
written simultaneously in said memory cells at a se-
lected row, to allow page data read and write opera-
tions, comprising:

address input means for storing a data read start ad-

dress inputted from said external circuit;

address control means for incrementing an internal

address stored in said address input means;

read means for transferring data in said memory cells

to said data registers after outputting data of one
page from said data registers;
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busy signal output means for outputting a busy signal
indicating a disabled access to said external circuit
while said read means is transferring data;

data input means for writing data from said external
circuit into said data registers among said plurality
of data registers designated by said internal ad-
dresses; and

data setting means for setting data in the other data
registers not written with data to a predetermined
write data.

4. A semiconductor memory device according to
claim 1, wherein when said read start address inputted
from said external circuit is stored in said address input
means, said data in said memory cells is automatically
transferred to said data registers and said busy signal is
automatically outputted to said external circuit.

5. A semiconductor memory device having a plural-
ity of memory cells disposed in a matrix form, a plural-
ity of data registers for temporarily storing data at each
column, and a page read mode for storing page data in
said memory cells at a selected row in said data registers
and sequentially outputting said page data in said data
registers to an external circuit, comprising:

a first mode for sequentially outputting, when said
selected row is changed, the contents of said data
registers to said external circuit starting from a first
predetermined column; and

a second mode for sequentially outputting, when said
selected row is changed, the contents of said data
registers to said external circuit starting from a
second predetermined column.

6. A semiconductor memory device having a plural-
ity of memory cells disposed in a matrix form, a plural-
ity of data registers for temporarily storing data at each
column, and a page read mode for storing page data in
said memory cells at a selected row in said data registers
and sequentially outputting said page data in said data
registers to an external circuit, comprising:

control means for controlling to sequentially output
in a first mode, when said selected row is changed,
the contents of said data registers to said external
circuit starting from a first predetermined column,
and to sequentially output in a second mode, when
said selected row is changed, the contents of said
data registers to said external circuit starting from a

second predetermined column.
* * * * *
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