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(57) ABSTRACT 

This memory includes: bit lines; word lines crossing the bit 
lines; a memory cell array including memory cells provided 
to correspond to intersections between the bit lines and the 
word lines, respectively. A sense amplifier is connected to the 
bit lines and detects data stored in the memory cells. A word 
line driver controls a voltage of the word lines. An error 
correcting unit includes a first error-correcting circuit having 
a first error-correcting capability and a second error-correct 
ing circuit having a second error-correcting capability. The 
memory cells connected to each of the word lines in the 
memory cell block constitute a page. The error-correcting 
unit drives one of or both of the first and second error-cor 
recting circuits during a data read operation or a data write 
operation according to a step count which is number of times 
of stepping up the Voltage of the word lines during the data 
write operation. 
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SEMCONDUCTOR MEMORY DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from the prior Japanese Patent Application No. 
2010-275346, filed on Dec. 10, 2010, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 The embodiments of the present invention relate to 
a semiconductor device. 

BACKGROUND 

0003. An EEPROM (hereinafter, also simply “memory”) 
such as a NAND flash memory uses ECCs (error-correcting 
codes) to improve data reliability. Normally, repetition of 
write and erase (hereinafter, also “WE’) causes an increase 
of defective memory cells (hereinafter, also “fail bits'). An 
ECC circuit corrects these fail bits and can thereby increase 
an upper limit of a W/E count for a memory. 
0004 To increase the upper limit of the WE count, it 
Suffices to use an ECC circuit having a high error-correcting 
capability. Due to this, the reliability of the memory 
improves. However, the ECC circuit having a high error 
correcting capability consumes much power. Furthermore, 
while the W/E count is still low, the error-correcting capabil 
ity of the ECC circuit is often excessively high because of the 
small number of fail bits with respect to the capability. In this 
case, the ECC circuit having an excessively high error-cor 
recting capability consumes more power than necessary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a block diagram showing a configuration of 
a semiconductor memory device according to a first embodi 
ment, 
0006 FIG. 2 shows an example of a partial configuration 
of the memory cell array 1: 
0007 FIGS. 3A and 3B are conceptual diagrams showing 
an error-correcting process using both the first and second 
error-correcting circuits; 
0008 FIG. 4 is a flowchart showing a data write operation 
performed by the memory device according to the first 
embodiment; 
0009 FIG. 5 is a flowchart showing a data read operation 
performed by the memory device according to the first 
embodiment; 
0010 FIG. 6 is a block diagram showing an example of a 
configuration of a semiconductor memory device according 
to a second embodiment; 
0011 FIG. 7 is a flowchart showing a data write operation 
performed by the memory device according to the second 
embodiment; 
0012 FIG. 8 is a flowchart showing a data read operation 
performed by the memory device according to the second 
embodiment; 
0013 FIG. 9 is a block diagram showing an example of a 
configuration of a memory device according to a modification 
of the second embodiment; and 
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0014 FIG. 10 shows a data write operation according to 
the modification of the second embodiment. 

DETAILED DESCRIPTION 

0015. A semiconductor memory device according to an 
embodiment of the present invention includes: a plurality of 
bit lines; a plurality of word lines crossing the bit lines; a 
memory cell array including a plurality of memory cells 
provided to correspond to intersections between the bit lines 
and the word lines, respectively. A sense amplifier is con 
nected to the bit lines and detects data stored in the memory 
cells. A word line driver controls a voltage of the word lines. 
An error-correcting unit includes a first error-correcting cir 
cuit having a first error-correcting capability and a second 
error-correcting circuit having a second error-correcting 
capability. A plurality of memory cells connected to each of 
the word lines in the memory cell block constitute a page. The 
error-correcting unit drives one of or both of the first and 
second error-correcting circuits during a data read operation 
or a data write operation according to a step count which is 
number of times of stepping up the Voltage of the word lines 
during the data write operation. 
0016 Embodiments will now be explained with reference 
to the accompanying drawings. The present invention is not 
limited to the embodiments. 

First Embodiment 

0017 FIG. 1 is a block diagram showing a configuration of 
a semiconductor memory device (hereinafter, simply 
“memory device') according to a first embodiment. It suffices 
that the memory device is configured to integrally encapsu 
late a memory unit and a controller unit with resin. The 
controller unit serves as an error-correcting unit and is con 
figured to be able to control a plurality of memory units 
(memory chips). 
0018 Definitions are made as follows in relation to a 
memory unit. A memory block includes one or plural pages 
and indicates a unit of memory cells Subjected to a simulta 
neous data erase operation. A page includes a plurality of 
memory cells connected to a certain word line (or data stored 
in those memory cells) and indicates a unit of memory cells 
Subjected to a data write or read operation. The data erase 
operation, the data write operation, and the data read opera 
tion are also simply referred to as "erase operation”, “data 
write operation', and “data read operation', respectively. In a 
case of a flash memory cell including a charge storage layer, 
the memory cell block can be configured to include a plurality 
of pages and configure such that an erase operation is per 
formed on a plurality of pages simultaneously or at once. For 
example, when memory cells are flash memory cells and an 
erase time for erasing data from memory cells corresponding 
to one page is longer than a write time for writing data to the 
memory cells corresponding to one page, the write time per 
block can be set almost equal to the erase time per block. As 
a result, it is possible to improve performances such as a 
write-data transfer rate and an erase rate from the perspective 
of a system. 
0019. The memory unit shown in FIG. 1 includes a 
memory cell array 1, a WL driver 2, a row decoder 3, a 
control-signal generator 40, a Substrate-Voltage controller 42. 
a data input/output buffer 45, a sense amplifier (including a 
data latch circuit) 46, an address buffer 47, a column decoder 
48, a Vpgm generator 41a, a Vpass generator 41b, a Vread 
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generator 41c, and a Vref generator 41d. The Vpgm generator 
41a, the Vpass generator 41b, the Vread generator 41c, and 
the Vref generator 41d are also simply referred to as “genera 
tors'. 
0020. The memory cell array 1 is configured to include a 
plurality of memory cells MCs arranged two-dimensionally 
in a matrix. Detailed configurations of the memory cell array 
1 are described later with reference to FIG. 2. 
0021. The sense amplifier 46 is connected to bit lines BLS 
and detects data in the memory cells MC via the bit lines BL 
during the data read operation. The sense amplifier 46 also 
serves as a data latch and functions to hold data during the 
data read or write operation. The sense amplifier 46 applies 
voltage to the bit lines BL according to the data held during 
the data write operation. 
0022. The column decoder 48 receives a column address 
signal from the address buffer 47, and decodes and outputs the 
column signal. The write data given to the data input/output 
buffer 45 can be thereby written to the memory cells MC 
connected to a desired bit line BL. Alternatively, data in the 
memory cells MC connected to the desired bit line BL can be 
read via the data input/output buffer 45 and an internal I/O 
line. 
0023 The address buffer 47 temporarily holds address 
signals stored in the data input/output buffer 45. The data 
input/output buffer 45 stores Such signals as data, addresses, 
and commands received from each controller unit (controller 
chip). 
0024. The WL driver 2 is a switch circuit connected to 
word lines WLS and controlling voltages of the word lines 
WL during the read, write, and erase operations. 
0025. The row decoder 3 receives a row address signal 
from the address buffer 47, and decodes and outputs the row 
address signal. The WL driver 2 can thereby select a plurality 
of memory cells MC (a desired page) connected to a desired 
word line WL during the write or read operation. 
0026. The control-signal generator 40 receives commands 
from the data input/output buffer 45, and controls the voltage 
generators 41a, 41b,41c, 41d, and 42 according to the respec 
tive commands. 
0027. The Vpgm generator 41a generates, for example, a 
write Voltage Vpgmboosted from power Supply Voltage. The 
write voltage Vpgm is used for the memory cells MC selected 
during the write operation. The write Voltage Vpgm is applied 
to, for example, control gates of the selected memory cells 
MC (selected word line WL). The write voltage Vpgm is, for 
example, equal to or higher than 10 Volts (V) and equal to or 
lower than 30 V. 
0028. The Vpass generator 41b generates a write interme 
diate Voltage Vpass. The write intermediate Voltage V pass is 
used for unselected memory cells MC during the data write 
operation. For example, the write intermediate Voltage Vpass 
is applied to control gates of the unselected memory cells MC 
(unselected word lines WL) during the data write operation. 
The write intermediate Voltage Vpass is, for example, equal to 
or higher than 3 V and equal to or lower than 15 V. 
0029. The Vread generator 41c generates a read interme 
diate voltage Vread. The read intermediate voltage Vread is 
used for the unselected memory cells MC during the data read 
operation. For example, the read intermediate Voltage Vread 
is applied to the control gates of the unselected memory cells 
MC (unselected word lines WL) during the data read opera 
tion. The read intermediate voltage Vread is, for example, 
equal to or higher than 1 V and equal to or lower than 9 V. To 
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Sufficiently secure read current and Suppress read-disturb, it is 
preferable to set the read intermediate voltage Vread higher 
by 1 V than an upper limit of a threshold voltage of the 
memory cells MC. 
0030 The Vref generator 41d generates a threshold-value 
determination voltage Vref. The threshold-value determina 
tion voltage Vref is used for the selected memory cells MC 
during the data read operation. For example, the threshold 
value determination voltage Vref is applied to the control 
gates of the selected memory cells MC (selected word line 
WL) during the data read operation. The threshold-value 
determination Voltage Vref is an intermediate Voltage 
between threshold voltages of the memory cells MC storing 
mutually different logic data. For example, in a case of a 
binary memory, the threshold-value determination Voltage 
Vref is set to an intermediate voltage between a threshold 
voltage distribution of the memory cells MC (“1” cells) stor 
ing data “1” and that of the memory cells MC (“0” cells) 
storing data “0”. In a case of a multi-valued memory, a plu 
rality of threshold-value determination voltages Vrefare set 
between adjacent-logic threshold Voltage distributions, 
respectively. For example, in a case of a four-valued memory, 
three threshold-value determination voltages Vref1 to Vref3 
are set between threshold voltage distributions of data “11” 
and data “10, between those of data “10' and data “00, and 
between those of data “00 and data “01, respectively. Spe 
cifically, it suffices to set the threshold-value determination 
voltage(s) Vref in a range between -0.5V and 5 V. 
0031. The substrate-Voltage control circuit 42 controls a 
Voltage of a p-silicon region (a p-well or p-silicon Substrate) 
where the memory cell array 1 is formed. For example, the 
Substrate-Voltage control circuit 42 applies an erase Voltage 
equal to or higher than 10V to the p-silicon region during the 
erase operation. 
0032. The control-signal generator 40 controls the voltage 
generators 41a, 41b, 41c, 41d, and 42. Each of the Voltage 
generators 41a and 41b, 41c, and 41d applies the necessary 
voltage to the selected word line WL via the WL driver 2 
during the “data write”, “data read or “data erase' operation. 
0033. The memory cell array 1 includes a loop-count stor 
age region 501. The loop-count storage region 501 stores a 
step count (a write loop count) that is the number of write 
loops by which a word-line Voltage is stepped up when writ 
ing data to each page in the memory cell array 1. The write 
loop count is also simply referred to as "loop count'. 
0034 Normally, in one write loop (one voltage applica 
tion), threshold voltages of all the memory cells MC cannot 
shift into a target distribution. Therefore, the memory device 
steps up a Voltage of the selected word line per write loop and 
repeats write loops. The threshold voltages thereby gradually 
rise and shift into a predetermined threshold range, and data is 
written to the memory cells MC. That is, a data write opera 
tion is completed by a plurality of write loops. The loop-count 
storage region 501 stores the write loop count during a data 
write operation per page. 
0035. The controller shown in FIG. 1 includes an opera 
tion controller 506, a first error-correcting encoding circuit 
ECCw1, a second error-correcting encoding circuit ECCw2. 
a first error-correcting decoding circuit ECCr1, and a second 
error-correcting decoding circuit ECCr2. 
0036. The first error-correcting encoding circuit ECCw 1 
and the first error-correcting decoding circuit ECCr1 consti 
tute a first error-correcting circuit. The second error-correct 
ing encoding circuit ECCw2 and the second error-correcting 
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decoding circuit ECCr2 constitute a second error-correcting 
circuit. During the data write operation, the first error-correct 
ing encoding circuit ECCw1 and the second error-correcting 
encoding circuit ECCw2 correct errorbits in write data as first 
and second error-correcting circuits, respectively. During the 
data read operation, the first error-correcting decoding circuit 
ECCr1 and the second error-correcting decoding circuit 
ECCr2 correct error bits in read data as the first and second 
error-correcting circuits, respectively. 
0037 More specifically, the first error-correcting decod 
ing circuit ECCr1 is connected to the memory unit via the 
internal I/O line, and receives read data from the memory 
cells MC during the data read operation. The error-correcting 
decoding circuit ECCr1 decodes the read data by a first error 
correcting capability. The second error-correcting decoding 
circuit ECCr2 is connected between the first error-correcting 
decoding circuit ECCr1 and an external I/O line. The second 
error-correcting decoding circuit ECCr2 receives data from 
the first error-correcting decoding circuit ECCr1 and further 
decodes the data from the first error-correcting decoding cir 
cuit ECCr1 by a second error-correcting capability. Thereaf 
ter, the second error-correcting decoding circuit ECCr2 out 
puts the data decoded by the first and second error-correcting 
decoding circuits ECCr1 and ECCr2 to outside of the 
memory device via the external I/O line. Note that the first 
error-correcting decoding circuit ECCr1 outputs the decoded 
data when the operation controller 506 stops the second error 
correcting decoding circuit ECCr2. 
0038. The first error-correcting encoding circuit ECCw1 

is connected between the external I/O line and the second 
error-correcting encoding circuit ECCw2. During the data 
write operation, the first error-correcting encoding circuit 
ECCw1 receives the write data from outside of the memory 
device, and encodes the write data by a first error-correcting 
capability. The second error-correcting encoding circuit 
ECCw2 is connected between the first error-correcting circuit 
ECCw1 and the memory unit. The second error-correcting 
encoding circuit ECCw2 receives the data from the first error 
correcting encoding circuit ECCw1 and further encodes the 
data received from the first error-correcting circuit ECCw 1 by 
a second error-correcting capability. Thereafter, the second 
error-correcting encoding circuit ECCw2 transmits the data 
encoded by the first and second error-correcting encoding 
circuits ECCw 1 and ECCw2 to the memory unit via the 
internal I/O line. Note that the first error-correcting encoding 
circuit ECCw 1 outputs the encoded data when the operation 
controller 506 stops the second error-correcting encoding 
circuit ECCw2. 
0039. The error-correcting capabilities of the first error 
correcting encoding circuit ECCW1, the second error-correct 
ing encoding circuit ECCw2, the first error-correcting decod 
ing circuit ECCr1, and the second error-correcting decoding 
circuit ECCr2 can be set either equal or different. For conve 
nience sake, in relation to the data write operation, the error 
correcting capabilities of the first and second error-correcting 
encoding circuits ECCw1 and ECCw2 are referred to as “first 
error-correcting capability” and 'second error-correcting 
capability’, respectively. In relation to the data read opera 
tion, the error-correcting capabilities of the first and second 
error-correcting decoding circuits ECCr1 and ECCr2 are 
referred to as “first error-correcting capability” and “second 
error-correcting capability, respectively. 
0040. The operation controller 506 is connected to the 
memory unit, the external I/O line, and the second error 
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correcting circuit (ECCr2 and ECCw2). The operation con 
troller 506 controls operations performed by the first and 
second error-correcting circuits according to the loop count 
received from the loop-count storage region 501. The opera 
tion controller 506 can selectively drive either the first error 
correcting encoding circuit ECCw1 or the second error-cor 
recting encoding circuit ECCw2 or drive both of the first and 
second error-correcting encoding circuits ECCw1 and 
ECCw2 during the data write operation. The operation con 
troller 506 can selectively drive either the first error-correct 
ing decoding circuit ECCr1 or the second error-correcting 
decoding circuit ECCr2 or drive both of the first and second 
error-correcting decoding circuits ECCr1 and ECCr2 during 
the data read operation. In FIG.1, the operation controller 506 
can selectively stop the second error-correcting encoding cir 
cuit ECCw2 and the second error-correcting decoding circuit 
ECCr2, and selectively drive only the first error-correcting 
encoding circuit ECCw1 and the first error-correcting decod 
ing circuit ECCr1. 
0041 Generally, the write loop count decreases according 
to an increase of the W/E count for the following reason. 
When the WE count increases, then charge (such as elec 
trons) trapped by a floating gate FG or a tunnel-gate dielectric 
film of the memory cell MC increases, and a threshold voltage 
of the memory cell MC before writing data thereto rises. 
Therefore, when the write loop count is high, it can be deter 
mined that the WWE count is low and that the number of error 
bits is relatively small during the write or read operation. 
Conversely, when the write loop count is low, it can be deter 
mined that the WE count is high and that the number of error 
bits is relatively large during the write or read operation. 
0042. Accordingly, when the write loop count is equal to 
or higher than a predetermined value, the operation controller 
506 selectively drives only the first error-correcting decoding 
circuit ECCr1 during the data read operation, and selectively 
drives only the first error-correcting encoding circuit ECCw 1 
during the data write operation. Further, when the write loop 
count is Smaller than a predetermined value, the operation 
controller 506 drives both the first error-correcting decoding 
circuit ECCr1 and the second error-correcting decoding cir 
cuit ECCr2 during the data read operation, and drives both the 
first error-correcting encoding circuit ECCw1 and the second 
error-correcting encoding circuit ECCW2 during the data 
write operation. A predetermined value with which the write 
loop count is compared can be stored in a ROM (not shown) 
included in either the memory unit or the controller unit. 
0043. The control-signal generator 40 includes a counter 
50 that takes the write loop count, and is configured to store 
information on the write loop count in the loop-count Storage 
region 501 via the sense amplifier 46 after the write operation 
is finished. 

0044) Note that the counter 50 can be included not in the 
control-signal generator 40 but in the controller unit. 
0045. The write data is input to the controller unit from 
outside of the memory device according to the first embodi 
ment via the external I/O line. The read data, that is, the data 
read from the memory cells MC is output to outside of the 
memory device via the external I/O line. 
0046 FIG. 2 shows an example of a partial configuration 
of the memory cell array 1. The memory cell array 1 is 
configured to include a plurality of the memory cells MC 
arranged two-dimensionally in a matrix. The word lines WL 
and the bit lines BL extend almost orthogonally. The memory 
cells MC are provided to correspond to intersections between 
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the word lines WL and the bit lines BL, respectively. The 
memory cell MC is a FET (Field Effect Transistor) that 
includes a floating gate FG capable of storing charge and a 
control gate CG connected to one word line WL. 
0047. A plurality of the memory cells MC are connected in 
series and constitute a cell string CS. The cell string CS is 
connected to one bit line BL via a selection transistor STD on 
a drain side of the memory cells MC. The cell string CS is 
connected to a Source via a selection transistor STS on a 
source side of the memory cells MC. Control gates CG of the 
memory cells MC in the cell string CS are connected to the 
different word lines WL, respectively. 
0048. A plurality of the cell strings CS arranged in an 
extension direction of the word lines WL constitute a memory 
block BLK. As described above, the memory block BLK is 
the unit of the memory cells MCs subjected to the data erase 
operation. Furthermore, a plurality of the memory cells MC 
connected to a common word line WL constitute a page PG. 
As described above, the page PG is the unit of memory cells 
subjected to the data write or read operation. 
0049. As shown in FIG. 2, the selection transistor STD is 
controlled by a signal SGD and the selection transistor STS is 
controlled by a signal SGS. 
0050. As described above, the controller unit according to 
the first embodiment includes two types of error-correcting 
encoding circuits ECCw 1 and ECCw2, the two types of error 
correcting decoding circuits ECCr1 and ECCr2, and the 
operation controller 506. 
0051 Cyclic hamming encoding (or decoding) circuits or 
BCH (Bose-Chaudhutu-Hocquenghem) encoding (or decod 
ing) circuits can be used as the error-correcting circuits 
ECCw1, ECCw2, ECCr1, and ECCr2. Alternatively, byte 
encoding (or decoding) circuits each operating on a code 
having 2r element, where r bits represents a code word, can be 
used as the error-correcting circuits ECCw1, ECCw2. 
ECCr1, and ECCr2. In the latter case, Reed-Solomon encod 
ing (decoding) circuits can be used, for example. 
0052 Needless to say, the other encoding (decoding) cir 
cuits can be used as the error-correcting circuits ECCw1. 
ECCw2, ECCr1, and ECCr2. Examples of these other encod 
ing (decoding) circuits include ECC circuits using BCH cod 
ing (decoding), majority logic coding (decoding), difference 
set cyclic coding (decoding), LDPC (Low Density Parity 
Check) coding (decoding), and a combination of any of these 
schemes. Taking simplification of the configuration of the 
controller unit into account, the error-correcting circuits 
ECCw1, ECCw2, ECCr1, and ECCr2 are preferably cyclic 
encoding circuits each of which code (decodes) information 
bits in time series with a small circuit Scale. 

0053 FIGS. 3A and 3B are conceptual diagrams showing 
an error-correcting process using both the first and second 
error-correcting circuits. For convenience sake, an error-cor 
recting code of the first error-correcting circuits ECCr1 and 
ECCw 1 is denoted by CA and that of the second error-cor 
recting circuits ECCr2 and ECCw2 is denoted by CB. A code 
length of the error-correcting code CA is n1 and the number 
of information bits thereof is k1. A code length of the error 
correcting code CB is n2 and the number of information bits 
thereof is k2. Both of the error-correcting codes CA and CB 
are linear systematic codes. 
0054 When error correcting is executed using both of the 

first error-correcting circuit ECCr1 (or ECCw 1) and the sec 
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ond error-correcting circuit ECCr2 (or ECCw2), it is possible 
to create a product code or a concatenated code of the error 
correction codes CA and CB. 
0055 For brevity of description, the product code is 
described below, but the same holds true for the concatenated 
code. A code length of a product code CAxCB of the error 
correcting codes CA and CB is n1 xn2 and the number of 
information bits thereof is k1 xk2 as shown in FIG. 3A 
because the error-correcting codes CA and CB are linear 
systematic codes. Note that a minimum distance of the prod 
uct code CAxCB is equal to a product of a minimum distance 
of the error-correcting code CA and that of the error-correct 
ing code CB. Since an inter-code distance, that is, a distance 
between error-correcting t-bit codes is normally equal to or 
larger than (2t+1), an inter-code distance between the product 
codes CAxCB is larger than an inter-code distance between 
the error-correcting codes CA or CB. This means that the 
error-correcting capability using both of the first error-cor 
recting circuit ECCr1 (or ECCw 1) and the second error 
correcting circuit ECCr2 (or ECCw2) is higher than that 
using the first or second error-correcting code. More specifi 
cally, using the known Reddy-Robinson decoding method 
with a minimum distance between the error-correcting codes 
CA assumed as dA and that between the error-correcting 
codes CB assumed as dB, it is possible to correct all of 
(dAxdB-1)/2 errors. 
0056. For example, the first error-correcting circuit 
arranges (k1 xk2) pieces of information data 601 shown in 
FIG.3A into k2 pieces of information data divided in units of 
k1 bits. The first error-correcting circuit encodes each piece of 
k1-bit information data using the error-correcting code CA. 
That is, the first error-correcting circuit adds the error-cor 
recting code CA to each k1-bit information data. As a result, 
k2 pieces of first encoded data (601, 603) each having the 
code length of n1 are created. At this time, the number of 
entire bits of the error-correcting code CA (the number of bits 
of inspection data for first coding) is (n1-k1)xk2 bits corre 
sponding to an area of 603 shown in FIG. 3A. 
0057 Next, the second error-correcting circuit encodes 
the first encoded data (n1xk2-bit data) while dividing the first 
encoded data in units of k2 bits. At this time, the second 
error-correcting circuit encodes each piece of the k2-bit first 
encoded data using the error-correcting code CB. That is, the 
second error-correcting circuit adds the error-correcting code 
CB to each k2-bit first encoded data and obtains second 
encoded data. The number of entire bits of the error-correct 
ing code CB (the number of bits of inspection data for second 
coding) is (n2-k2)xn1 bits corresponding to an area of 602 
shown in FIG. 3A. Therefore, as a whole, it is possible to 
create a product code of information data of (n1xn2) bits. 
0.058 When the second encoded data is to be recorded in 
time series, it suffices to arrange and record the second 
encoded data one-dimensionally as shown in FIG.3B. At this 
time, as shown in, for example, FIG.3B, it suffices to arrange 
k2 pieces of n1-bit first encoded data in time series so as to 
correspond to each column shown in FIG. 3A and then to 
output the second error-correcting code CB of (n2-k2)xn1 
bits. 

0059 FIG. 4 is a flowchart showing a data write operation 
performed by the memory device according to the first 
embodiment. The loop-count storage region 501 has already 
stored therein a loop count per page for a previous write 
operation. When a data write operation starts, the operation 
controller 506 acquires loop counts for selected pages serving 
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as a write target from the loop-count storage region 501 via 
the internal I/O line (S10). At this time, the loop counts read 
from the loop-count storage region 501 are those taken in the 
previously-executed write operation and stored in the loop 
count storage region 501. The operation controller 506 reads 
the loop counts simultaneously with reading of data from the 
selected pages to prevent delay in the read operation. 
0060. The operation controller 506 determines whether 
each of the loop counts is equal to or higher than a predeter 
mined value (S20A). When the loop count is equal to or 
higher than the predetermined value (S20A, YES), it can be 
estimated that the WWE count is low and that the number of 
error bits after the write operation is small. Therefore, the 
operation controller 506 stops (deactivates) the second error 
correcting encoding circuit ECCw2 shown in FIG. 1 and 
selectively actuates (activates) only the first error-correcting 
encoding circuit ECCw 1 shown in FIG. 1 (S30). It is thereby 
possible to eliminate an excessive error-correcting capability 
and to reduce the power consumption. It is also possible to 
reduce the time required for encoding and to realize a high 
speed write operation. 
0061 Next, the encoded data is written to the memory 
cells MC in the selected pages (S45A). At this time, the 
operation controller 506 writes the loop counts to the loop 
count storage region 501 to correspond to the respective 
pages. During this write operation, the counter 50 takes write 
loop counts for the present data write operation (S50). The 
loop counts taken in the present write operation are stored in 
the loop-count storage region 501 as the loop counts for the 
selected pages, respectively. That is, information on the pre 
vious loop counts is updated to the loop counts for the present 
write operation (S60). Thereafter, the operation controller 
506 determines whether each of the loop counts is equal to or 
higher than the predetermined value (S20B). When the loop 
count is equal to or higher than the predetermined value 
(S20B, YES), it can be estimated that the WE count is low 
and that the number of error bits after the write operation is 
small. Therefore, the data write operation is finished. At this 
moment, the operation controller 506 stops (deactivates) the 
second error-correcting encoding circuit ECCW2 shown in 
FIG. 1 and selectively actuates (activates) only the first error 
correcting encoding circuit ECCw 1 in step S30. As a result, 
the power consumption does not increase even when the data 
write operation is finished at this moment. When the loop 
count is lower than the predetermined count (S206, NO), it 
can be estimated that the W/E count is high and that the 
number of error bits after the write operation is large. There 
fore, the operation controller 506 actuates (activates) both of 
the first and second error-correcting coding circuits ECCw 1 
and ECCw2 (S40). That is, the memory device operates simi 
larly to a case where the loop count is lower than the prede 
termined value (S20A, NO). Operations after step S40 are 
described later in detail when a case where the loop count is 
lower than the predetermined value (S20A, NO) is described. 
0062. When the loop count is lower than the predeter 
mined value (S20A, NO), it can be estimated that the W/E 
count is high and that the number of error bits after the write 
operation is large. Therefore, the operation controller 506 
actuates (activates) both of the first and second error-correct 
ing coding circuits ECCw 1 and ECCw2 (S40). It is thereby 
possible to encode data with a higherror-correcting capability 
such as that using the product code described with reference 
to FIG.3. Thereafter, in the memory unit, the data encoded in 
step S30 or S40 is written to the memory cells MC in the 
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selected pages (S45B). At this time, the operation controller 
506 writes the loop counts to the loop-count storage region 
501 to correspond to the respective pages. That is, the data 
latched by the sense amplifier 46 is encoded using the first and 
second error-correcting codes ECCw 1 and ECCw2, the 
encoded data is latched again by the sense amplifier 46, and 
the latched data is written to the memory cell array 1. At that 
time, the operation controller 506 simultaneously writes the 
values stored in the counter 50 to the loop-count storage 
region 501. Note that the updated loop counts are used as 
information on the loop counts stored in the loop-count Stor 
age region 501. By storing these values, it is possible to 
accurately decode the data. 
0063. The predetermined value used for determination of 
the loop counts possibly differ according to the type, struc 
ture, production line and the like of the memory device and 
cannot be, therefore, identified unconditionally. For example, 
when the memory device is a NAND flash memory, the pre 
determined value used for the determination of the loop 
counts can be set to a numeric value from 5 to 50. 
0064 FIG. 5 is a flowchart showing a data read operation 
performed by the memory device according to the first 
embodiment. The loop-count storage region 501 has already 
stored therein a loop count per page for a previous program 
operation. When a data read operation starts, the operation 
controller 506 acquires previous loop counts for selected 
pages serving as a read target from the loop-count storage 
region 501 simultaneously with reading of data from the 
selected pages via the internal I/O line (S110). 
0065. The operation controller 506 determines whether 
each of the loop counts is equal to or larger than a predeter 
mined value (S120). When the loop count is equal to or higher 
than the predetermined value (S120, YES), it can be estimated 
that the WWE count is low and that the number of error bits is 
small in the read data. Therefore, the operation controller 506 
stops (deactivates) the second error-correcting decoding cir 
cuit ECCr2 shown in FIG. 1 and selectively actuates (acti 
vates) only the first error-correcting decoding circuit ECCr1 
shown in FIG. 1 (S130). It is thereby possible to eliminate an 
excessive error-correcting capability and to reduce the power 
consumption. It is also possible to reduce the time required 
for decoding and to realize a high-speed read operation. 
0066. When the loop count is lower than the predeter 
mined value (S120, NO), it can be estimated that the WE 
count is high and that the number of error bits is large in the 
read data. Therefore, the operation controller 506 actuates 
(activates) both the first and second error-correcting decoding 
circuits ECCr1 and ECCr2 (S140). It is thereby possible to 
encode data with a high error-correcting capability Such as 
that using the product code described with reference to FIG. 
3. Thereafter, the controller unit decodes the data obtained 
from the memory unit and read from the selected pages in step 
S130 or S140 (S150), and outputs the decoded data to outside 
of the memory device via the external I/O line (S160). 
0067. Note that the loop-count storage region 501 holds 
the loop counts for the selected pages until a write operation 
is executed. Therefore, the same loop counts are used until the 
write operation is executed. 
0068. The memory device according to the first embodi 
ment decodes the data in the pages for which the write loop 
counts are high by a relatively low error-correcting capability, 
and encodes or decodes the data in the pages for which the 
write loop counts are low by a relatively high error-correcting 
capability. The memory device can thereby encode or decode 
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data using the error-correcting capability suited for the W/E 
count or the number of fail bits. This contributes to eliminat 
ing an excessive error-correcting capability and to reducing 
the power consumption. Furthermore, this can contribute to 
accelerating the read operation and the write operation. The 
first embodiment can thereby realize both reduction in the 
power consumption and acceleration in operation. 
0069. The W/E count is generally managed per memory 
block or memory chip that is a unit of memory cells Subjected 
to an erase operation. Therefore, when the error-correcting 
capability is changed according to the WWE count, the 
memory device needs change the error-correcting capability 
at least for every memory cell block. 
0070. On the contrary, the write operation is executed per 
page, and thus can be stored and managed per page. There 
fore, the memory device can change the error-correcting 
capability in smaller units than those for the memory cell 
blocks. That is, the first embodiment can set the error-correct 
ing capability in detailed memory units as compared with a 
management scheme using the WE count. As a result, the 
memory device according to the first embodiment can further 
reduce the power consumption and improve the reliability. 
0071. The memory device according to the first embodi 
ment can use the concatenated code similarly to the product 
code. For example, a Reed-Solomon code having 2 elements 
can be used as the first error-correcting code CA and a BCH 
code having 2 elements can be used as the second error 
correcting code CB. That is, the effects of the first embodi 
ment can be ensured as long as ECCs are linear codes. 
0072. In the first embodiment, the loop-count storage 
region 501 is provided in the memory cell array 1. Alterna 
tively, the loop-count storage region 501 can be provided in 
the other location of the memory unit or, as indicated by a 
broken line in FIG. 1, provided in the controller unit. Like 
wise, the counter 50 can be provided in a location other than 
the control-signal generator 40. 
0073. The first and second error-correcting decoding cir 
cuits ECCr1 and ECCr2 and the first and second error-cor 
recting encoding circuits ECCw1 and ECCw2 can be 
arranged in the memory unit or in a host unit connected to the 
controller unit via the external I/O line and present outside of 
the memory device. 
0074. Further, not the values of the counter 50 but binary 
data defined as follows can be stored in the loop-count Storage 
region 501. When the operation controller 506 actuates either 
the first or second error-correcting encoding circuit ECCw 1 
or ECCw2, “O'” is stored in the loop-count storage region 501. 
When the operation controller 506 actuates both the first and 
second error-correcting encoding circuit ECCw1 and 
ECCw2, “1” is stored in the loop-count storage region 501. As 
a result, it is possible to improve reliability of data stored in 
the loop-count storage region 501. Besides, “1” data for pre 
venting charge from being accumulated in the memory cells 
MC is stored in the loop-count storage region 501 when the 
reliability of the memory cells MC deteriorates. It is thereby 
possible to further improve the reliability of the data stored in 
the loop-count storage region 501. 

Second Embodiment 

0075 FIG. 6 is a block diagram showing an example of a 
configuration of a semiconductor memory device (hereinaf 
ter, simply “memory device') according to a second embodi 
ment. In the second embodiment, an error-correcting capa 
bility is changed based on the numbers of fail bits instead of 
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the write loop-counts. The memory device according to the 
second embodiment can be configured similarly to that 
according to the first embodiment. Note that the memory 
device according to the second embodiment does not use the 
counter 50 shown in FIG. 1 and includes a fail-bit-count 
storage region 502 storing the numbers of fail bits instead of 
the loop-count storage region 501. 
0076 A fail bit means a bit indicating that data written to 
a certain page differs in logic from data read from the page. 
The fail-bit counts are confirmed by decoding redundant bits 
during a read operation. Accordingly, the fail-bit counts 
stored in the fail-bit-count storage region 502 are updated 
during a read operation and not updated during a write opera 
tion. 
0077 FIG. 7 is a flowchart showing a data write operation 
performed by the memory device according to the second 
embodiment. The fail-bit-count storage region 502 has 
already stored therein a fail-bit count per page for a previous 
write operation. When a data write operation starts, the opera 
tion controller 506 acquires fail-bit counts for selected pages 
serving as a write target from the fail-bit-count storage region 
502 via an internal I/O line (S210). At the same time, data can 
be read from the selected pages. 
(0078. The operation controller 506 determines whether 
each of the fail-bit counts is equal to or higher than a prede 
termined value (S220). When the fail-bit count is lower than 
the predetermined value (S220, NO), it can be estimated that 
the number of error bits after the write operation is small. 
Therefore, the operation controller 506 stops (deactivates) the 
second error-correcting encoding circuit ECCW2 shown in 
FIG. 6 and selectively actuates (activates) only the first error 
correcting encoding circuit ECCw 1 shown in FIG. 6 (S230). 
It is thereby possible to eliminate an excessive error-correct 
ing capability and to reduce the power consumption. It is also 
possible to reduce the time required for encoding and to 
realize a high-speed write operation. 
0079. When the fail-bit count is equal to or higher than the 
predetermined value (S220, YES), it can be estimated that the 
number of error bits after the write operation is large. There 
fore, the operation controller 506 actuates (activates) both of 
the first and second error-correcting coding circuits ECCw 1 
and ECCw2 (S240). It is thereby possible to encode data with 
a high error-correcting capability Such as that using the prod 
uct code described with reference to FIG.3. Thereafter, in the 
memory unit, the data encoded in step S230 or S240 is written 
to the memory cells MC in the selected pages (S245). 
0080. The predetermined value used for determination of 
the fail-bit counts possibly differ according to the type, struc 
ture, production line and the like of the memory device and 
cannot be, therefore, identified unconditionally. For example, 
when the memory device is a NAND flash memory, the pre 
determined value used for the determination of the fail-bit 
counts can be set to a numeric value from 1 to 100. 
I0081 FIG. 8 is a flowchart showing a data read operation 
performed by the memory device according to the second 
embodiment. The fail-bit-count storage region 502 has 
already stored therein a fail-bit count per page for a previous 
read operation. When a data read operation starts, the opera 
tion controller 506 acquires previous fail-bit counts for 
selected pages serving as a read target from the fail-bit-count 
storage region 502 simultaneously with reading of data from 
the selected pages via the internal I/O line (S310). 
I0082. The operation controller 506 determines whether 
each of the fail-bit counts is equal to or larger than a prede 
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termined value (S320). When the fail-bit count is lower than 
the predetermined value (S320, NO), it can be estimated that 
the number of error bits is small in the present read data. 
Therefore, the operation controller 506 stops (deactivates) the 
second error-correcting decoding circuit ECCr2 shown in 
FIG. 6 and selectively actuates (activates) only the first error 
correcting decoding circuit ECCr1 shown in FIG. 6 (S330). It 
is thereby possible to eliminate an excessive error-correcting 
capability and to reduce the power consumption. It is also 
possible to reduce the time required for decoding and to 
realize a high-speed read operation. 
0083. When the fail-bit count is equal to or higher than the 
predetermined value (S320, YES), it can be estimated that the 
number of error bits is large in the present read data. There 
fore, the operation controller 506 actuates (activates) both the 
first and second error-correcting decoding circuits ECCr1 and 
ECCr2 (S340). It is thereby possible to encode data with a 
high error-correcting capability Such as that using the product 
code described with reference to FIG. 3. Thereafter, the con 
troller unit decodes the data obtained from the memory unit 
and read from the selected pages in step S330 or S340 (S350), 
and outputs the decoded data to outside of the memory device 
via the external I/O line (S360). 
0084. The fail-bit counts in the present read data is con 
firmed by the decoding in step S350. The fail-bit counts in the 
present read data are stored in the fail-bit-count storage region 
502 to correspond to the respective selected pages. That is, 
information on the previous fail-bit counts is updated to the 
fail-bit counts for the present read operation (S370). The 
updated fail-bit counts are used during a next read operation. 
0085. The memory device according to the second 
embodiment can encode or decode data using the error-cor 
recting capability suited for the fail-bit counts. Therefore, the 
memory device according to the second embodiment can use 
the error-correcting capability more Suited for a present state 
of the memory device. Furthermore, the second embodiment 
can achieve effects identical to those of the first embodiment. 

Modification of Second Embodiment 

I0086 FIG. 9 is a block diagram showing an example of a 
configuration of a memory device according to a modification 
of the second embodiment. In the modification of the second 
embodiment, the memory device does not include the fail 
bit-count storage region 502 as compared with the second 
embodiment. However, the memory device according to the 
present modification includes a counter 50 differently from 
the second embodiment and similarly to the first embodiment. 
Note that a fail-bit count is determined by causing the counter 
50 to count fail bits for which data written to a certain page 
differs in logic from data read from the page. The fail-bit 
count is confirmed by decoding redundant bits during a read 
operation. Therefore, it is possible to dispense with the fail 
bit-count storage region 502 and to downsize the memory cell 
array 1. 
0087. For example, FIG. 10 shows a data write operation 
according to the modification of the second embodiment. 
First, the operation controller 506 determines whether to use 
either a first error-correcting decoding circuit ECCr1 or a 
second error-correcting decoding circuit ECCr2 or to use 
both the first and second error-correcting decoding circuits 
ECCr1 and ECCr2 to decode databased on the number of bits 
of inspection data (S211). 
0088. Thereafter, the first or second error-correcting 
decoding circuit ECCr1 or ECCr2 or the both of the first and 
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second error-correcting decoding circuits ECCr1 and ECCr2 
calculate the inspection data, and the counter 50 counts bits 
for which the inspection data differs from stored data (bits 
different in logic value) (S212). Because subsequent opera 
tions of the present modification are identical to those of the 
second embodiment, explanations thereof will be omitted. 
I0089 For example, the present modification is effective 
for page copying, that is, effective when data read from a 
certain page is copied to another page after reading the data. 
That is, it is possible to improve failure relief efficiency of the 
ECCs without need to provide the fail-bit-count storage 
region 502. 

Modification of First and Second Embodiments 

0090. In the first and second embodiments, the memory 
device determines the error-correcting capability per page. 
Alternatively, the memory device can determine the error 
correcting capability per block. For example, when the write 
loop count for the selected page is lower than a predetermined 
value or the fail-bit count is equal to or higher than a prede 
termined value, the controller unit can use the high error 
correcting capability shown in FIG. 3 for the entire memory 
cell block including selected pages. 
0091 Alternatively, the controller unit can use the high 
error-correcting capability shown in FIG. 3 for the entire 
memory cell block including the selected pages when an 
average value of write loop counts for all pages in the memory 
cell block is lower than a predetermined value or when an 
average value of fail-bit counts for all pages in the memory 
cell block is equal to or higher than a predetermined value. 
0092. In this case, despite change of the error-correcting 
capability per memory cell block, the memory device 
includes an error-correcting capability Suited for the state of 
the memory device and possibly reduces the power consump 
tion as compared with conventional techniques. 
0093. While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel methods and systems described herein may 
be embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the meth 
ods and systems described herein may be made without 
departing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 

1. A semiconductor memory device comprising: 
a plurality of bit lines: 
a plurality of word lines crossing the bit lines: 
a memory cell array comprising a plurality of memory cells 

provided to correspond to intersections between the bit 
lines and the word lines, respectively; 

a sense amplifier connected to the bit lines, and configured 
to detect data stored in the memory cells; 

a word line driver configured to control a voltage of the 
word lines; and 

an error-correcting unit including a first error-correcting 
circuit having a first error-correcting capability and a 
second error-correcting circuit having a second error 
correcting capability, wherein 

the memory cells connected to one of the word lines con 
stitute a page, and 

the error-correcting unit drives one of or both of the first 
and the second error-correcting circuits during a data 
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read operation or a data write operation according to a 
step count, which is number of times of stepping up the 
Voltage of the word lines during the data write operation. 

2. The device of claim 1, wherein 
the memory cell array includes a step-count storage region 

configured to store the step count of the Voltage of the 
word lines during the data write operation, for each one 
of the page, and 

the error-correcting unit selectively drives the first or the 
second error-correcting circuit during the data read 
operation or the data write operation when the step count 
is equal to or higher than a predetermined value, and 
drives both of the first and the second error-correcting 
circuits during the data read operation or the data write 
operation when the step count is lower than the prede 
termined value. 

3. The device of claim 1, wherein 
the error-correcting unit includes a step-count storage 

region configured to store the step count of the Voltage of 
the word lines during the data write operation, for each 
one of the page, and 

the error-correcting unit selectively drives the first or the 
second error-correcting circuit during the data read 
operation or the data write operation when the step count 
is equal to or higher than a predetermined value, and 
drives both of the first and the second error-correcting 
circuits during the data read operation or the data write 
operation when the step count is lower than the prede 
termined value. 

4. The device of claim 2, wherein 
the error-correcting unit writes data encoded by the first 

error-correcting circuit or reads data decoded by the first 
error-correcting circuit, when the step count is equal to 
or higher than a predetermined value, and 

the error-correcting unit writes data encoded using a con 
catenated code used by the first error-correcting circuit 
and the second error-correcting circuit or reads data 
decoded using the concatenated code, when the step 
count is lower than the predetermined value. 

5. The device of claim 3, wherein 
the error-correcting unit writes data encoded by the first 

error-correcting circuit or reads data decoded by the first 
error-correcting circuit, when the step count is equal to 
or higher than a predetermined value, and 

the error-correcting unit writes data encoded using a con 
catenated code used by the first error-correcting circuit 
and the second error-correcting circuit or reads data 
decoded using the concatenated code, when the step 
count is lower than the predetermined value. 

6. The device of claim 1, wherein 
the semiconductor memory device is NAND-type 
EEPROM. 

7. A semiconductor memory device comprising: 
a plurality of bit lines: 
a plurality of word lines crossing the bit lines: 
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a memory cell array including a plurality of memory cells 
provided to correspond to intersections between the bit 
lines and the word lines, respectively; 

a sense amplifier connected to the bit lines, and configured 
to detect data stored in the memory cells; 

a word line driver configured to control a voltage of the 
word lines; and 

an error-correcting unit including a first error-correcting 
circuit having a first error-correcting capability and a 
second error-correcting circuit having a second error 
correcting capability, wherein 

a plurality of memory cells among the memory cells con 
stitute a memory cell block based on which data is 
erased, and the memory cells connected to each of the 
word lines in the memory cell block constitute a page, 
and 

the error-correcting unit drives one of or both of the first 
error-correcting circuit and the second error-correcting 
circuit during a data read operation or a data write opera 
tion according to number of fail bits included in the 
page. 

8. The device of claim 7, wherein the error-correcting unit 
selectively drives the first error-correcting circuit or the sec 
ond error-correcting circuit during the data read operation or 
the data write operation, when number of fail bits in the page 
is lower than a predetermined value, and drives both of the 
first error-correcting circuit and the second error-correcting 
circuit during the data read operation or the data write opera 
tion, when the number of fail bits is equal to or higher than the 
predetermined value. 

9. The device of claim 7, wherein the error-correcting unit 
writes data encoded by the first error-correcting circuit or 
reads data decoded by the first error-correcting circuit, when 
number of fail bits in the page is lower than a predetermined 
value, and 

the error-correcting unit writes data encoded using a linear 
code used by the first error-correcting circuit and the 
second error-correcting circuit, or reads data decoded 
using the linear code, when the number of fail bits in the 
page is equal to or higher than the predetermined value. 

10. The device of claim8, wherein the error-correcting unit 
writes data encoded by the first error-correcting circuit or 
reads data decoded by the first error-correcting circuit, when 
number of fail bits in the page is lower than a predetermined 
value, and 

the error-correcting unit writes data encoded using a linear 
code used by the first error-correcting circuit and the 
second error-correcting circuit, or reads data decoded 
using the linear code, when the number of fail bits in the 
page is equal to or higher than the predetermined value. 

11. The device of claim 7, wherein 
the semiconductor memory device 
EEPROM. 

is NAND-type 
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