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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to technology for
non-volatile. storage.

Description of the Related Art

[0002] Semiconductor memory has become more pop-
ular for use in various electronic devices. For example,
non-volatile semiconductor memory is used in personal
navigation devices, cellular telephones, digital cameras,
personal digital assistants, mobile computing devices,
non-mobile computing devices and other devices. Elec-
trical Erasable Programmable Read Only Memory (EEP-
ROM) and flash memory are among the most popular
non-volatile semiconductor memories.
[0003] Both EEPROM and flash memory utilize a float-
ing gate that is positioned above and insulated from a
channel region in a semiconductor substrate. The floating
gate and channel regions are positioned between the
source and drain regions. A control gate is provided over
and insulated from the floating gate. The threshold volt-
age of the transistor is controlled by the amount of charge
that is retained on the floating gate. That is, the minimum
amount of voltage that must be applied to the control gate
before the transistor is turned on to permit conduction
between its source and drain is controlled by the level of
charge on the floating gate.
[0004] When programming an EEPROM or flash mem-
ory device, such as a NAND flash memory device, typi-
cally a program voltage is applied to the control gate and
the bit line is grounded. Electrons from the channel are
injected into the floating gate. When electrons accumu-
late in the floating gate, the floating gate becomes neg-
atively charged and the threshold voltage of the memory
cell is raised so that the memory cell is in a programmed
state. More information about programming can be found
in U.S. Patent 6,859,397, titled "Source Side Self Boost-
ing Technique for Non-Volatile Memory;" U.S. Patent
6,917,542, titled "Detecting Over Programmed Memory;"
and U.S. Patent 6,888,758, titled "Programming Non-
Volatile Memory".
[0005] In many cases, the program voltage is applied
to the control gate as a series of pulses (referred to as
programming pulses), with the magnitude of the pulses
increasing at each pulse. Between programming pulses,
a set of one or more verify operations are performed to
determine whether the memory cell(s) being pro-
grammed have reached their target level. If a memory
cell has reached its target level, programming stops for
that memory cell. If a memory cell has not reached its
target level, programming will continue for that memory
cell.
[0006] Some EEPROM and flash memory devices

have a floating gate that is used to store two ranges of
charges and, therefore, the memory cell can be pro-
grammed/erased between two states (an erased state
and a programmed state). Such a flash memory device
is sometimes referred to as a binary memory device.
[0007] A multi-state memory device stores multiple bits
of data per memory cell by identifying multiple distinct
valid threshold voltage (Vt) distributions (or data states).
Each distinct Vt distribution corresponds to a predeter-
mined value for the set of data bits encoded in the mem-
ory device. For example, a memory cell that stores two
bits of data uses four valid Vt distributions. A memory
cell that stores three bits of data uses eight valid Vt dis-
tributions.
[0008] Once a non-volatile storage element has been
programmed, it is important that its programming state
can be read back with a high degree of reliability. How-
ever, the sensed programming state can sometimes vary
from the intended programming state due to factors in-
cluding noise and the tendency of devices to gravitate
towards charge neutrality over time. Note that environ-
mental factors, such as temperature affect the rate at
which programming states change. For example, expo-
sure to high temperature may cause the memory cells to
gravitate towards charge neutrality very quickly.
[0009] Consequently, it is possible to encounter erro-
neous or corrupted data bits at the time of reading non-
volatile memory. Typically, some form of error checking
and correction algorithm ("correction algorithm") is ap-
plied to check for and correct any corrupted data bits.
One common correction algorithm stores additional par-
ity bits to set the parity of a group of data bits to a required
logical level during the write process. The additional par-
ity bits are sometimes referred to as an Error Correction
Code (ECC). During the read process, the correction al-
gorithm decodes the bits by computing the parity of the
group of data bits to detect any corrupted data. The cor-
rection algorithm corrects data that is not too severely
corrupted. In some implementations, the more corrupted
the data is, the longer the correction algorithm takes to
correct the data.
[0010] To prevent the data from becoming corrupted,
the data in the memory cells may be refreshed, which
returns the data to the desired threshold voltages. Re-
freshing the data in a block of memory cells is often
achieved by reading the data, correcting any errors de-
tected by the correction algorithm, and writing the data
to a different block as part of scheme that includes wear
leveling. However, the data could be rewritten to the
same block, if desired. Undesirably, refreshing the data
too frequently can overstress the memory cells. Moreo-
ver, refreshing the data can interfere with the user’s own
memory accesses.
[0011] Thus, one the one hand, if the data are not re-
freshed often enough, data could be lost or memory ac-
cess can be slow due to correction algorithms taking long-
er to correct the data. On the other hand, if the data are
refreshed too often, the memory device may be over-
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stressed or user memory access may be hindered.
[0012] Moreover, determining when to refresh the data
is especially challenging when the memory device could
be subjected to varied environmental conditions such as
a wide range of temperatures. For example, the memory
device could be embedded in a personal navigation de-
vice, which might be left in a parked automobile. During
a summer day, the temperature inside the automobile
can rise to an extremely high temperature. On the other
hand, the memory device might go long stretches of time
without being subjected to high temperatures. Therefore,
it can be extremely difficult to predict the effect that en-
vironmental conditions such as temperature will have on
data retention.
[0013] US 6415352, over which the independent
claims are characterised, discloses a one-chip micro-
computer and a method of refreshing its data.

SUMMARY OF THE INVENTION

[0014] Techniques are disclosed herein to refresh data
in a non-volatile storage device often enough to combat
erroneous or corrupted data bits, but not so often as to
interfere with memory access or to cause excessive
stress on the memory cells. The techniques are well suit-
ed to memory devices that could be subjected to varied
environmental conditions such as a wide range of tem-
peratures.
[0015] In aspects of the present invention, there are
provided methods for operating a non-volatile storage
device, as claimed in claims 1 and 2. In other aspects of
the present invention, there are provided non-volatile
storage devices as claimed in claims 11 and 12.
[0016] The methods include determining that a refresh
of data stored in a first group of non-volatile storage el-
ements in a device should be performed based on a con-
dition of data in the first group, determining that a second
group of non-volatile storage elements in the device
should undergo a refresh procedure based on when the
second group of non-volatile storage elements were last
programmed relative to when the first group of non-vol-
atile storage elements were last programmed, and per-
forming the refresh procedure on the second group of
non-volatile storage elements.
[0017] One embodiment includes writing data to a set
of multi-state non-volatile storage elements, determining
whether data stored in a first group of non-volatile storage
elements in the set should be refreshed based on a con-
dition of one or more of the non-volatile storage elements
in the first group, determining which non-volatile storage
elements in the set were written prior to the first group of
non-volatile storage elements if it is determined that data
stored in the first group should be refreshed, and deter-
mining that the non-volatile storage elements that were
written prior to the first group should undergo a refresh
procedure.
[0018] One embodiment is a method for operating a
multi-state memory device that is organized into blocks

of non-volatile storage elements. The method comprises
determining that there is a data integrity problem with
one or more non-volatile storage elements in a first of
the blocks, determining which of the blocks in the device
were written prior to the first block, and refreshing data
stored in the first block and the blocks that were written
prior to the first block without determining whether there
is a data integrity problem with non-volatile storage ele-
ments in the blocks that were written prior to the first
block.
[0019] One example implementation includes a set of
non-volatile storage elements and one or more managing
circuits in communication with the set of non-volatile stor-
age elements. The one or more managing circuits per-
form the processes described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 is a top view of a NAND string.

Figure 2 is an equivalent circuit diagram of the NAND
string.

Figure 3 is a block diagram of a non-volatile memory
system.

Figure 4 is a block diagram depicting one embodi-
ment of a memory array.

Figure 5 is a block diagram depicting one embodi-
ment of a sense block.

Figure 6A depicts an example set of Vt distributions.

Figure 6B depicts an example set of Vt distributions.

Figure 7 is an example mobile device in which a stor-
age device in accordance with embodiments of the
present invention may be embedded.

Figure 8 depicts one embodiment of a process of
determining which blocks should have data re-
freshed.

Figure 9A is a flowchart illustrating one embodiment
of a process of refreshing data that is stored in a
block of the memory array.

Figure 9B is a flow chart describing one embodiment
of a process for programming non-volatile memory.

Figure 10A is a flowchart depicting one embodiment
of a process of determining whether there is a data
integrity problem with a block.

Figure 10B depicts one embodiment of a process of
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determining whether a data refresh is needed based
on how many bits need to be corrected by a correc-
tion algorithm.

Figure 10C depicts one embodiment of a process of
determining whether a data refresh is needed based
on how long a correction algorithm takes to con-
verge.

Figure 11 depicts an example distribution function.

Figure 12 depicts one embodiment of a table that
stores values for determining whether a data refresh
is needed.

Figure 13A depicts one embodiment of a process of
identifying candidate blocks for a refresh procedure.

Figure 13B is a flowchart depicting one embodiment
of a process for identifying candidate blocks for a
refresh procedure.

Figure 14 depicts one embodiment of a process of
managing sequence numbers that are used to iden-
tify candidate blocks for a refresh procedure.

Figure 15 depicts one embodiment of a process of
managing time stamps that are used to select can-
didate blocks for a refresh procedure.

Figure 16 depicts one embodiment of a process of
warning a user to take action intended to mitigate
data retention problem.

DETAILED DESCRIPTION

[0021] One example of a flash memory system uses
the NAND structure, which includes arranging multiple
transistors in series, sandwiched between two select
gates. The transistors in series and the select gates are
referred to as a NAND string. Figure 1 is a top view show-
ing one NAND string. Figure 2 is an equivalent circuit
thereof The NAND string depicted in Figures 1 and 2
includes four transistors 100, 102, 104 and 106 in series
and sandwiched between a first (or drain side) select
gate 120 and a second (or source side) select gate 122.
Select gate 120 connects the NAND string to a bit line
via bit line contact 126. Select gate 122 connects the
NAND string to source line 128. Select gate 120 is con-
trolled by applying the appropriate voltages to select line
SGD. Select gate 122 is controlled by applying the ap-
propriate voltages to select line SGS. Each of the tran-
sistors 100, 102, 104 and 106 has a control gate and a
floating gate. For example, transistor 100 has control
gate 100CG and floating gate 100FG. Transistor 102 in-
cludes control gate 102CG and a floating gate 102FG.
Transistor 104 includes control gate 104CG and floating
gate 104FG. Transistor 106 includes a control gate

106CG and a floating gate 106FG. Control gate 100CG
is connected to word line WL3, control gate 102CG is
connected to word line WL2, control gate 104CG is con-
nected to word line WL1, and control gate 106CG is con-
nected to word line WL0.
[0022] Note that although Figures 1 and 2 show four
memory cells in the NAND string, the use of four transis-
tors is only provided as an example. A NAND string can
have fewer than four memory cells or more than four
memory cells. For example, some NAND strings will in-
clude eight memory cells, 16 memory cells, 32 memory
cells, 64 memory cells, 128 memory cells, etc. The dis-
cussion herein is not limited to any particular number of
memory cells in a NAND string.
[0023] A typical architecture for a flash memory system
using a NAND structure will include several NAND
strings. Each NAND string is connected to the source
line by its source select gate controlled by select line SGS
and connected to its associated bit line by its drain select
gate controlled by select line SGD. Each bit line and the
respective NAND string(s) that are connected to that bit
line via a bit line contact comprise the columns of the
array of memory cells. Bit lines are shared with multiple
NAND strings. Typically, the bit line runs on top of the
NAND strings in a direction perpendicular to the word
lines and is connected to one or more sense amplifiers.
[0024] Each memory cell can store data (analog or dig-
ital). When storing one bit of digital data, the range of
possible threshold voltages of the memory cell is divided
into two ranges which are assigned logical data "1" and
"0." In one example of a NAND type flash memory, the
threshold voltage is negative after the memory cell is
erased, and defined as logic "1." The threshold voltage
after programming is positive and defined as logic "0."
When the threshold voltage is negative and a read is
attempted by applying 0 volts to the control gate, the
memory cell will turn on to indicate logic one is being
stored. When the threshold voltage is positive and a read
operation is attempted by applying 0 volts to the control
gate, the memory cell will not turn on, which indicates
that logic zero is stored.
[0025] In the case of storing multiple levels of data, the
range of possible threshold voltages is divided into the
number of levels of data. For example, if four levels of
information is stored (two bits of data), there will be four
threshold voltage ranges assigned to the data values
"11", "10", "01", and "00." In one example of a NAND type
memory, the threshold voltage after an erase operation
is negative and defined as "11". Positive threshold volt-
ages are used for the data states of "10", "01", and "00."
If eight levels of information (or states) are stored (e.g.
for three bits of data), there will be eight threshold voltage
ranges assigned to the data values "000", "001", "010",
"011" "100", "101", "110" and "111."
[0026] The specific relationship between the data pro-
grammed into the memory cell and the threshold voltage
levels of the cell depends upon the data encoding
scheme adopted for the cells. For example, U.S. Patent
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No. 6,222,762 and U.S. Patent Application Publication
No. 2004/0255090,
describe various data encoding schemes for multi-state
flash memory cells. In one embodiment, data values are
assigned to the threshold voltage ranges using a Gray
code assignment so that if the threshold voltage of a float-
ing gate erroneously shifts to its neighboring physical
state, only one bit will be affected. In some embodiments,
the data encoding scheme can be changed for different
word lines, the data encoding scheme can be changed
over time, or the data bits for random word lines may be
inverted or otherwise randomized to reduce data pattern
sensitivity and even wear on the memory cells.
[0027] Relevant examples of NAND type flash memo-
ries and their operation are provided in the following U.S.
Patents/Patent Applications: U.S. Pat. No. 5,570,315;
U.S. Pat. No. 5,774,397; U.S. Pat. No. 6,046,935; U.S.
Pat. No. 6,456,528; and U.S. Pat. Publication No.
US2003/0002348. The discussion herein can also apply
to other types of flash memory in addition to NAND as
well as other types of non-volatile memory.
[0028] Other types of non-volatile storage devices, in
addition to NAND flash memory, can also be used. For
example, a so called TANOS structure (consisting of a
stacked layer of TaN-Al2O3-SiN-SiO2 on a silicon sub-
strate), which is basically a memory cell using trapping
of charge in a nitride layer (instead of a floating gate),
can also be used with the present invention. Another type
of memory cell useful in flash EEPROM systems utilizes
a nonconductive dielectric material in place of a conduc-
tive floating gate to store charge in a non-volatile manner.
Such a cell is described in an article by Chan et al., "A
True Single-Transistor Oxide-Nitride-Oxide EEPROM
Device," IEEE Electron Device Letters, Vol. EDL-8, No.
3, March 1987, pp. 93-95. A triple layer dielectric formed
of silicon oxide, silicon nitride and silicon oxide ("ONO")
is sandwiched between a conductive control gate and a
surface of a semi-conductive substrate above the mem-
ory cell channel. The cell is programmed by injecting elec-
trons from the cell channel into the nitride, where they
are trapped and stored in a limited region. This stored
charge then changes the threshold voltage of a portion
of the channel of the cell in a manner that is detectable.
The memory cell is erased by injecting hot holes into the
nitride. See also Nozaki et al., "A 1-Mb EEPROM with
MONOS Memory Cell for Semiconductor Disk Applica-
tion," IEEE Journal of Solid-State Circuits, Vol. 26, No.
4, April 1991, pp. 497-501, which describes a similar
memory cell in a split-gate configuration where a doped
polysilicon gate extends over a portion of the memory
cell channel to form a separate select transistor. The pro-
gramming techniques mentioned in section 1.2 of "Non-
volatile Semiconductor Memory Technology," edited by
William D. Brown and Joe E. Brewer, IEEE Press, 1998,
are also described in that section to be applicable to di-
electric charge-trapping devices. Other types of memory
devices can also be used.
[0029] Figure 3 illustrates a non-volatile storage device

210 that may include one or more memory die or chips
212. Memory die 212 includes an array (two-dimensional
or three dimensional) of memory cells 200, control cir-
cuitry 220, and read/write circuits 230A and 230B. In one
embodiment, access to the memory array 200 by the
various peripheral circuits is implemented in a symmetric
fashion, on opposite sides of the array, so that the den-
sities of access lines and circuitry on each side are re-
duced by half. The read/write circuits 230A and 230B
include multiple sense blocks 300 which allow a page of
memory cells to be read or programmed in parallel. The
memory array 100 is addressable by word lines via row
decoders 240A and 240B and by bit lines via column
decoders 242A and 242B. In a typical embodiment, a
controller 244 is included in the same memory device
210 (e.g., a removable storage card or package) as the
one or more memory die 212. Commands and data are
transferred between the host and controller 244 via lines
232 and between the controller and the one or more
memory die 212 via lines 234. One implementation can
include multiple chips 212.
[0030] Control circuitry 220 cooperates with the
read/write circuits 230A and 230B to perform memory
operations on the memory array 200. The control circuitry
220 includes a state machine 222, an on-chip address
decoder 224 and a power control module 226. The state
machine 222 provides chip-level control of memory op-
erations. The on-chip address decoder 224 provides an
address interface to convert between the address that is
used by the host or a memory controller to the hardware
address used by the decoders 240A, 240B, 242A, and
242B. The power control module 226 controls the power
and voltages supplied to the word lines and bit lines dur-
ing memory operations. In one embodiment, power con-
trol module 226 includes one or more charge pumps that
can create voltages larger than the supply voltage.
[0031] In one embodiment, one or any combination of
control circuitry 220, power control circuit 226, decoder
circuit 224, state machine circuit 222, decoder circuit
242A, decoder circuit 242B, decoder circuit 240A, de-
coder circuit 240B, read/write circuits 230A, read/write
circuits 230B, and/or controller 244 can be referred to as
one or more managing circuits.
[0032] Figure 4 depicts an exemplary structure of
memory cell array 200. In one embodiment, the array of
memory cells is divided into M blocks of memory cells.
As is common for flash EEPROM systems, the block is
the unit of erase. That is, each block contains the mini-
mum number of memory cells that are erased together.
Each block is typically divided into a number of pages: A
page is a unit of programming. One or more pages of
data are typically stored in one row of memory cells. A
page can store one or more sectors. A sector includes
user data and overhead data. Overhead data typically
includes an Error Correction Code (ECC) that has been
calculated from the user data of the sector. A portion of
the controller (described below) calculates the ECC when
data is being programmed into the array, and also checks
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it when data is being read from the array. Alternatively,
the ECCs and/or other overhead data are stored in dif-
ferent pages, or even different blocks, than the user data
to which they pertain. A sector of user data is typically
512 bytes, corresponding to the size of a sector in mag-
netic disk drives. A large number of pages form a block,
anywhere from 8 pages, for example, up to 32, 64, 128
or more pages. Different sized blocks and arrangements
can also be used.
[0033] In another embodiment, the bit lines are divided
into odd bit lines and even bit lines. In an odd/even bit
line architecture, memory cells along a common word
line and connected to the odd bit lines are programmed
at one time, while memory cells along a common word
line and connected to even bit lines are programmed at
another time.
[0034] Figure 4 shows more details of block i of mem-
ory array 200. Block i includes X+1 bit lines and X+1
NAND strings. Block i also includes 64 data word lines
(WL0-WL63), 2 dummy word lines (WL_d0 and WL_d1),
a drain side select line (SGD) and a source side select
line (SGS). One terminal of each NAND string is con-
nected to a corresponding bit line via a drain select gate
(connected to select line SGD), and another terminal is
connected to the source line via a source select gate
(connected to select line SGS). Because there are sixty
four data word lines and two dummy word lines, each
NAND string includes sixty four data memory cells and
two dummy memory cells. In other embodiments, the
NAND strings can have more or less than 64 data mem-
ory cells and two dummy memory cells. Data memory
cells can store user or system data. Dummy memory
cells are typically not used to store user or system data.
Some embodiments do not include dummy memory cells.
[0035] Figure 5 is a block diagram of an individual
sense block 300 partitioned into a core portion, referred
to as a sense module 480, and a common portion 490.
In one embodiment, there will be a separate sense mod-
ule 480 for each bit line and one common portion 490 for
a set of multiple sense modules 480. In one example, a
sense block will include one common portion 490 and
eight sense modules 480. Each of the sense modules in
a group will communicate with the associated common
portion via a data bus 472. For further details, refer to
U.S. Patent Application Publication 2006/0140007.
[0036] Sense module 480 comprises sense circuitry
470 that determines whether a conduction current in a
connected bit line is above or below a predetermined
threshold level. In some embodiments, sense module
480 includes a circuit commonly referred to as a sense
amplifier. Sense module 480 also includes a bit line latch
482 that is used to set a voltage condition on the con-
nected bit line. For example, a predetermined state
latched in bit line latch 482 will result in the connected
bit line being pulled to a state designating program inhibit
(e.g., Vdd).
[0037] Common portion 490 comprises a processor
492, a set of data latches 494 and an I/O Interface 496

coupled between the set of data latches 494 and data
bus 420. Processor 492 performs computations. For ex-
ample, one of its functions is to determine the data stored
in the sensed memory cell and store the determined data
in the set of data latches. The set of data latches 494 is
used to store data bits determined by processor 492 dur-
ing a read operation. It is also used to store data bits
imported from the data bus 420 during a program oper-
ation. The imported data bits represent write data meant
to be programmed into the memory. I/O interface 496
provides an interface between data latches 494 and the
data bus 420.
[0038] During read or sensing, the operation of the sys-
tem is under the control of state machine 222 that controls
the supply of different control gate voltages to the ad-
dressed cell. As it steps through the various predefined
control gate voltages corresponding to the various mem-
ory states supported by the memory, the sense module
480 may trip at one of these voltages and an output will
be provided from sense module 480 to processor 492
via bus 472. At that point, processor 492 determines the
resultant memory state by consideration of the tripping
event(s) of the sense module and the information about
the applied control gate voltage from the state machine
via input lines 493. It then computes a binary encoding
for the memory state and stores the resultant data bits
into data latches 494. In another embodiment of the core
portion, bit line latch 482 serves double duty, both as a
latch for latching the output of the sense module 480 and
also as a bit line latch as described above.
[0039] It is anticipated that some implementations will
include multiple processors 492. In one embodiment,
each processor 492 will include an output line (not de-
picted in Fig. 5) such that each of the output lines is wired-
OR’d together. In some embodiments, the output lines
are inverted prior to being connected to the wired-OR
line. This configuration enables a quick determination
during the program verification process of when the pro-
gramming process has completed because the state ma-
chine receiving the wired-OR line can determine when
all bits being programmed have reached the desired lev-
el. For example, when each bit has reached its desired
level, a logic zero for that bit will be sent to the wired-OR
line (or a data one is inverted). When all bits output a
data 0 (or a data one inverted), then the state machine
knows to terminate the programming process. In embod-
iments where each processor communicates with eight
sense modules, the state machine may (in some embod-
iments) need to read the wired-OR line eight times, or
logic is added to processor 492 to accumulate the results
of the associated bit lines such that the state machine
need only read the wired-OR line one time.
[0040] During program or verify, the data to be pro-
grammed is stored in the set of data latches 494 from
the data bus 420. The program operation, under the con-
trol of the state machine, comprises a series of program-
ming voltage pulses (with increasing magnitudes) ap-
plied to the control gates of the addressed memory cells.
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Each programming pulse is followed by a verify process
to determine if the memory cell has been programmed
to the desired state. Processor 492 monitors the verified
memory state relative to the desired memory state. When
the two are in agreement, processor 492 sets the bit line
latch 482 so as to cause the bit line to be pulled to a state
designating program inhibit. This inhibits the cell coupled
to the bit line from further programming even if it is sub-
jected to programming pulses on its control gate. In other
embodiments the processor initially loads the bit line latch
482 and the sense circuitry sets it to an inhibit value during
the verify process.
[0041] Data latch stack 494 contains a stack of data
latches corresponding to the sense module. In one em-
bodiment, there are 3-5 (or another number) data latches
per sense module 480. In one embodiment, the latches
are each one bit. In some implementations (but not re-
quired), the data latches are implemented as a shift reg-
ister so that the parallel data stored therein is converted
to serial data for data bus 420, and vice versa. In one
preferred embodiment, all the data latches correspond-
ing to the read/write block of m memory cells can be
linked together to form a block shift register so that a
block of data can be input or output by serial transfer. In
particular, the bank of read/write modules is adapted so
that each of its set of data latches will shift data in to or
out of the data bus in sequence as if they are part of a
shift register for the entire read/write block.
[0042] Additional information about the read opera-
tions and sense amplifiers can be found in (1) United
States Patent 7,196,931, "Non-Volatile Memory And
Method With Reduced Source Line Bias Errors,"; (2) Unit-
ed States Patent 7,023,736, "Non-Volatile Memory And
Method with Improved Sensing,"; (3) U.S. Patent Appli-
cation Pub. No. 2005/0169082; (4) U.S. Patent
7,196,928, "Compensating for Coupling During Read
Operations of Non-Volatile Memory," and (5) United
States Patent Application Pub. No. 2006/0158947, "Ref-
erence Sense Amplifier For Non-Volatile Memory," pub-
lished on July 20, 2006.
[0043] At the end of a successful programming process
(with verification), the threshold voltages of the memory
cells should be within one or more distributions of thresh-
old voltages for programmed memory cells or within a
distribution of threshold voltages for erased memory
cells, as appropriate. Figure 6A illustrates example Vt
distributions corresponding to data states for the memory
cell array when each memory cell stores four bits of data.
Other embodiment, however, may use more or less than
four bits of data per memory cell. Figure 6A shows 16 Vt
distributions corresponding to data states 0-15. In one
embodiment, the threshold voltages in state 0 are neg-
ative and the threshold voltages in the states 1-15 are
positive. However, the threshold voltages in one or more
of states 1-15 may be negative.
[0044] Between each of the data states 0-15 are read
reference voltages used for reading data from memory
cells. For example, Figure 6A shows read reference volt-

age Vr1 between data states 0 and 1, and Vr2 between
data states 1 and 2. By testing whether the threshold
voltage of a given memory cell is above or below the
respective read reference voltages, the system can de-
termine what state the memory cell is in.
[0045] At or near the lower edge of each data state
0-15 are verify reference voltages. For example, Figure
6A shows Vv1 for state 1 and Vv2 for state 2. When pro-
gramming memory cells to a given state, the system will
test whether those memory cells have a threshold voltage
greater than or equal to the verify reference voltage.
[0046] Figure 6B illustrates that another embodiment
of Vt distributions corresponding to data states 0-15 can
partially overlap since the correction algorithm can han-
dle a certain percentage of cells that are in error.
[0047] Also note that the Vt axis may be offset from
actual voltages applied to the control gates as body effect
through source or body biasing is used to shift negative
threshold voltage into the measurable positive range. An-
other point to note is that contrary to the equal spac-
ing/width of the depicted sixteen states, various states
may have different widths/spacings in order to accom-
modate varying amounts of susceptibility to data reten-
tion loss. In some embodiments, states 0 and/or 15 are
wider than the other states.
[0048] Figure 7 depicts an exemplary mobile device
700 in which a storage device 210 in accordance with
embodiments of the present invention is embedded. The
exemplary device 700 has a global positioning satellite
(GPS) receiver 710 for receiving GPS information such
that it may be used as a personal navigation device. The
storage device 210 may be used to store maps, which
the processor 720 displays to the user on the display 702
based on the device’s position as determined by the GPS
information.
[0049] Typically, once the user has stored a set of
maps in the storage device 210, the user does not need
to write over the stored maps for an extended time period.
For example, the majority of the map data may go un-
changed for several years. Embodiments disclosed here-
in determine how often to refresh data, such as the map
data, that is often enough to protect the data but not so
often as to interfere with the user or overstress the stor-
age device 210. The exemplary device 700 is used as
one example of a device with an embedded storage de-
vice 210. However, the embedded storage device 210
can be used with personal digital assistants, cellular tel-
ephones, personal media players, etc.
[0050] Figure 8 depicts one embodiment of a process
800 of determining which blocks in the storage device
210 should have their data refreshed. Typically, process
800 is used for blocks in which more than a single bit is
stored per memory cell such as the examples of Figures
6A and 6B of storing four bits per cell. Process 800 can
be initiated as soon as there is idle time after the storage
device 210 is powered on and at periodic intervals there-
after. In one embodiment, the storage device 210 is in-
corporated into a portable device (e.g., personal naviga-
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tion device) that may have access to power for extended
periods of time even if the portable device itself is pow-
ered down. For example, a personal navigation device
might stay plugged into an automobile’s cigarette lighter
for many days at a time, in which case process 800 can
be performed periodically. In one embodiment, process
800 is triggered based on performance of a correction
algorithm. For example, if a correction algorithm is taking
too long to converge or if the number of data bits that
need to be corrected by the correction algorithm is larger
than a critical value, then process 800 is initiated to de-
termine whether particular blocks (those associated with
the detected problem or others) should have their data
refreshed.
[0051] In step 802, a block of the memory array 200 is
selected for testing for a data integrity problem such as
a data retention problem, a read disturb problem, etc.
However, it is not required that the cause (e.g., data re-
tention) of the data integrity problem be specifically iden-
tified. In one embodiment, blocks in the memory array
200 are tested sequentially to ensure that each block is
tested. However, the blocks could be tested in a different
order such as a random order or the order in which blocks
were last programmed. It is not required that process 800
test every block in the memory array 200. For example,
testing can be deferred on blocks that have been recently
programmed. However, because the history of the tem-
perature is difficult to monitor and record, the effect on
data integrity problems can be difficult to predict. For ex-
ample, it can be difficult to directly determine whether the
storage device 210 was exposed to high temperatures.
For example, the storage device 210 may be left in a hot
environment without any power source to drive logic that
could monitor and store temperature data. As a result,
even blocks that were recently programmed can be test-
ed to avoid missing data integrity problems.
[0052] In one embodiment, process 800 only selects
a small sample of blocks in the memory array 200 for
testing. In one embodiment, only blocks that store a cer-
tain minimum number of bits per memory cell are tested
for a data integrity problem. For example, some blocks
might store a single bit per memory cell and others four
bits per cell. In such a case, the blocks storing a single
bit per memory cell have a very large gap between the
Vt distributions and need not be tested.
[0053] In some embodiments, the system guarantees
that an entire block of data is written at essentially the
same time, in which case, it is not required that each
word line in the selected block be analyzed for a data
integrity problem. By writing at essentially the same time
it is meant that the system enforces a rule that if the writing
of the block is interrupted, then the write to the block is
aborted. That is, the data in the block is discarded and
the data is written to another block at a later time. Note
that writing at essentially the same time does not mean
that all word lines are programmed simultaneously. Typ-
ically, the word lines are programmed sequentially.
[0054] An example of writing an entire block at essen-

tially the same time is to store data temporarily in blocks
in which each memory cell stores a single bit ("binary
blocks"). Then, after four such binary blocks are filled,
the data is written to a block in which each memory cell
stores four bits (herein referred to as an "X4 block"). If
the writing of the data to the X4 block is interrupted, then
the write to that X4 block is aborted. At a later time, the
data that is still in the binary blocks is written to another
X4 block. If that write completes without interruption, the
block write is successful. Thus, all the data in the X4 block
is written at essentially the same time.
[0055] In step 804, one word line in the selected block
is selected for data integrity analysis. In some embodi-
ments, the system guarantees that word lines are written
in the some particular order. In an embodiment in which
word lines are written in a particular order, the first word
line in the block that was written is selected for data in-
tegrity analysis. In one embodiment, the selection of the
word line is made randomly. If desired, multiple worldines
in the block can be analyzed for data integrity. Not all
word lines in the block need to be candidates for the
selection. In one embodiment, a word line that is known
to be more problematic than others can be selected for
data integrity analysis. For example, engineering char-
acterization may already have determined that the first
word line in each block has a stronger susceptibility to
data integrity problem. In other embodiments, word lines
near the edge of the block may be kept out of the candi-
date pool because word lines near the middle of a block
might be more suitable if testing a single word line per
block.
[0056] While in one embodiment of process 800 a word
line is randomly selected, it is not required that the word
line be randomly selected. In one embodiment, a record
is kept of the word line(s) that are tested so that each
word line (or at least each of a candidate set) is tested.
For example, testing of the word lines can proceed se-
quentially with a different word line tested each time the
block is tested.
[0057] In step 806, a determination is made as to
whether data stored in the selected word line of the block
has a data integrity problem that indicates that the block
should be refreshed. Figures 10A, 10B, and 10C provide
details of several techniques that can be used to deter-
mine whether there is a data integrity problem. Briefly,
one technique involves determining whether one or more
Vt distributions in the block have shifted by more than a
permitted amount, which can indicate that there is a data
retention problem. Such a shift might also indicate an-
other problem such as read disturb. Testing for this shift
does not require that all Vt distributions be analyzed for
a shift.
[0058] Another technique to test for a data integrity
problem involves running a correction algorithm on the
data read from the word line in the selected block. A data
integrity problem is indicated based on the number of bits
that need to be corrected by the correction algorithm or
by the length of time the correction algorithm takes to
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converge to a solution.
[0059] If the block does not have a data integrity prob-
lem, then control passes to step 802 to select another
block for testing. If the selected block does have a data
integrity problem, then a record of this is kept so that at
some point data in the block can be refreshed. Note that
the data is not necessarily refreshed immediately. For
example, prior to performing the data refresh of any
blocks, a determination can be made as to which set of
blocks are to be refreshed. In some cases, the device
may be powered down before the data refresh is per-
formed. In one embodiment, a spare block is used to
record which data blocks should be refreshed. Figure 9A
depicts a process of refreshing data.
[0060] Note that once one block has been identified as
having a data integrity problem, it may be that many other
blocks will also suffer from the same problem. For exam-
ple, if the data integrity problem is due to the memory
device having been exposed to high temperatures, then
other blocks may also have the same data integrity prob-
lem. This may be especially true for other blocks that
were last programmed prior to the block with the problem,
or recently thereafter. Thus, these other blocks may be
candidates for a refresh procedure. Therefore, if step 806
determined that the block does have a data integrity prob-
lem (hereafter referred to as a "bad block"), then control
passes to step 808 to identify other blocks for a refresh
procedure.
[0061] In step 808, blocks are identified for the refresh
procedure based on when they were last programmed
relative to when the bad block was last programmed.
Herein, these other blocks will be referred to as "candi-
date blocks." For example, all of the blocks that were
programmed prior to the bad block are identified as can-
didate blocks. However, blocks that were programmed
within a certain time period after the bad block could also
be identified as candidate blocks.
[0062] In step 810, a refresh procedure is performed
on the candidate blocks. The refresh procedure deter-
mines whether data in the candidate blocks should be
refreshed. In one embodiment, the refresh procedure au-
tomatically refreshes the data in the candidate blocks
without determining whether there is a data integrity prob-
lem within the candidate blocks. In one such automatic
data refresh embodiment, process 900 of Figure 9A is
used to implement step 810.
[0063] In one embodiment, the refresh procedure of
step 810 determines whether there is a data integrity
problem with the candidate block in order to determine
whether to refresh the data in the candidate blocks. Any
of the processes of Figures 10A, 10B, 10C, or another
process can be used to determine whether there is a data
integrity problem with a word line in the candidate block.
In an embodiment where the entire block has been written
at essentially the same time, the word line to be tested
in the candidate block is randomly selected. If one of the
processes of Figures 10A, 10B, 10C determines that
there is a data integrity problem with the candidate block,

then process 900 of Figure 9A may be used to refresh
the data in the candidate block.
[0064] Note that it is possible that the candidate block
is tested for data integrity by step 806 during one iteration
of process 800 and again tested for data integrity at step
810 of a different iteration of process 800. However, it is
likely that a different randomly selected word line will be
selected for testing at step 810 than the word line that
was tested at step 806. Also, a different data integrity
test can be used than was used in step 806. For example,
at step 806 the test of Figure 10B might have been used
(determining how many bits need correction by a correc-
tion algorithm), whereas at step 810 the test of Figure
10A might be used (looking for shift in Vt distribution).
However the same test could be used but with different
parameters. As an example, the number of bits in need
of correction by the correction algorithm in order to trigger
the data refresh could be different when testing the block
for the second time.
[0065] By refreshing the data in the strategically iden-
tified candidate blocks, the process 800 refreshes data
often enough to prevent data from being lost, but not so
often as to overstress the device 210 or interfere with
user access to the memory array 200. Note that some of
the candidate blocks may have recently been tested for
a data integrity problem in steps 802-806, but the test did
not result in a determination to refresh the data. A pos-
sible reason for this is that the severity of the data integrity
problem was not quite at the threshold to trigger the data
refresh.
[0066] Note that by performing the refresh procedure
on the candidate blocks based on when they were last
programmed relative to when the bad block was last pro-
grammed, the blocks in the storage device 210 are re-
freshed at an appropriate time that is neither too frequent
to overstress the device nor too infrequent such that data
integrity problems could become too severe to correct
by the correction algorithm.
[0067] As an example, consider the case in which the
storage device 210 might be left in an extremely hot en-
vironment such as the interior of an automobile during
summer. Subjecting the storage device 210 to such high
temperatures can greatly accelerate the rate of charge
loss/gain, which may potentially result in data retention
problems. However, note that simply refreshing the data
frequently may not be needed because the device will
not necessarily be subjected to high temperature. More-
over, frequent data refreshing can be undesirable be-
cause it may overstress the device or interfere with nor-
mal use of the device.
[0068] Figure 9A is a flowchart illustrating one embod-
iment of a process 900 of refreshing data that is stored
in a block of the memory array 200. The process 900 is
initiated on blocks that have been identified by either step
806 or step 810 of process 800 of needing a data refresh.
In one embodiment, process 900 refreshes all of the pag-
es in a block. However, it is not required that the data in
all of the pages be refreshed. In step 902, data is read
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from the block to be refreshed. As previously discussed,
when the data for the block was originally stored, parity
check bits were computed on a sector by sector basis
and combined with user data as part of the ECC encoding
mechanism. Note that prior to storing the data, in order
to randomize data, a scrambling procedure can be em-
ployed also. In some embodiments, the cells on one word
line form several sectors or ECC pages. A sector’s data
may first be scrambled and then encoded by the ECC
engine. The scrambled and ECC encoded data corre-
sponding to several sectors can be accumulated and
then written simultaneously to a single word line. For ex-
ample, one word line may accommodate four sectors
worth of data. In some architectures, all cells on one word
line can be written simultaneously. The programming of
one block consists of writing data to one word line at a
time in each plane. An example of such a NAND archi-
tecture in which all bits lines can be programmed together
(ABL NAND architecture) is described in United States
Patent Application Pub. No. 2006/0158947.
[0069] In step 904, an ECC algorithm is run on the data
just read to correct the data. In one embodiment, the
controller 244 performs a strong error correction algo-
rithm that is able to correct 6 or more bits per 512 bits.
In one embodiment, the controller 244 performs an iter-
ative decoding technique. In one embodiment, the con-
troller 244 performs probabilistic error correction in a mul-
ti-bit-per-cell flash memory. Further details of performing
error correction in a multi-bit-per-cell flash memory are
provided in U.S. published patent application
2007/0086239, published on April 19, 2007, titled "Prob-
abilistic Error Correction in Multi-bit-per-cell Flash Mem-
ory;" and U.S. published patent application
2007/0089034, published on April 19, 2007, titled "Meth-
od of Error Correction in MBC Flash Memory".
[0070] In step 906, the corrected data is written to a
block of the memory array 200. In one embodiment, the
data is always written to a different block than the one
being refreshed in order to achieve "wear leveling." That
is, writing the data to a different block can help to even
out how much programming that each block experiences.
In one embodiment, a determination is made as to wheth-
er to refresh the data to a new block or the same block.
This determination may be made based on the time since
the last write of the block and/or a "hot count" of the
number of times the block has been programmed. For
example, if the block was recently programmed and/or if
the hot count is high, it may be desirable to write the data
to a different block. Each block stores its own hot count,
in one embodiment.
[0071] In one embodiment, a message is displayed to
the user not to power down the device until the refresh
procedure 900 completes. However, regardless of
whether such a message is displayed, the user could
power down the device during data refresh. Also, the
user might interrupt the refresh procedure by accessing
the memory array 200. Thus, a record is kept in non-
volatile memory of the progress of the data refresh proc-

ess 900 such that the process 900 can be resumed if it
is interrupted.
[0072] Figure 9B is a flow chart describing a program-
ming process for programming memory cells connected
to a selected word line. In one embodiment, the process
of Fig 9B is used to program one page of data. Thus, the
process of Figure 9B can be used multiple times to pro-
gram the different pages in a block being written in step
906 of process 900.
[0073] In one implementation of the process of Fig. 9B,
memory cells are erased prior to programming (step
940). Memory cells are erased in one embodiment by
raising the p-well to an erase voltage (e.g., 20 volts) for
a sufficient period of time and grounding the word lines
of a selected block while the source and bit lines are
floating. Due to capacitive coupling, the unselected word
lines, bit lines, select lines, and the common source line
are also raised to a significant fraction of the erase volt-
age. A strong electric field is thus applied to the tunnel
oxide layers of selected memory cells and the data of the
selected memory cells are erased as electrons of the
floating gates are emitted to the substrate side, typically
by Fowler-Nordheim tunneling mechanism. As electrons
are transferred from the floating gate to the p-well region,
the threshold voltage of a selected cell is lowered. Eras-
ing can be performed on the entire memory array, on
individual blocks, or another unit of cells. After a block of
memory cells is erased, the various memory cells can be
programmed or partially programmed as described here-
in. Note that the erasing that is performed in step 940
would not need to be performed before each word line
of a block is programmed. Rather, the block can be
erased and then each word line can be programmed with-
out erasing between the programming of the word lines.
[0074] At step 942, soft programming is performed to
narrow the distribution of erased threshold voltages for
the erased memory cells. Some memory cells may be in
a deeper erased state than necessary as a result of the
erase process. Soft programming can apply small pro-
gramming pulses to move the threshold voltage of the
erased memory cells closer to the erase verify level. At
step 950, a "data load" command is issued by controller
244 and input to state machine 222. At step 952, address
data designating the page address is provided to the de-
coder 224. At step 954, a page of program data for the
addressed page is input for programming. For example,
528 bytes of data could be input in one embodiment. That
data is latched in the appropriate registers/latches for the
selected bit lines. In some embodiments, the data is also
latched in a second register for the selected bit lines to
be used for verify operations. At step 956, a "program"
command is received from controller 244 and provided
to state machine 222.
[0075] Triggered by the "program" command, the data
latched in step 954 will be programmed into the selected
memory cells controlled by state machine 222 using the
pulses applied to the appropriate word line. At step 958,
a programming signal, "Vpgm," (e.g., a series of voltage
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pulses) is initialized to the starting magnitude (e.g., ∼12V
or another suitable level) and a program counter PC
maintained by state machine 222 is initialized at 0. At
step 960, a pulse of the programming signal Vpgm is
applied to the selected word line. The unselected word
lines receive one or more boosting voltages, referred to
as "Vpass". If logic "0" is stored in a particular data latch
indicating that the corresponding memory cell should be
programmed, then the corresponding bit line is grounded.
On the other hand, if logic "1" is stored in the particular
latch indicating that the corresponding memory cell
should remain in its current data state, then the corre-
sponding bit line is connected to VDD to inhibit program-
ming. Note that the programming signal includes a set
of voltage pulses, where the magnitude of the pulses
increase with each successive pulse. In between voltage
pulses are a set of verify pulses.
[0076] At step 962, the states of the selected memory
cells are verified using the appropriate set of target levels,
as discussed above. If it is detected that the threshold
voltage of a selected cell has reached the appropriate
target level, then the data stored in the corresponding
data latch is changed to a logic "1." If it is detected that
the threshold voltage has not reached the appropriate
target level, the data stored in the corresponding data
latch is not changed. In this manner, a bit line having a
logic "1" stored in its corresponding data latch does not
need to be programmed. When all of the data latches are
storing logic "1," the state machine 222 knows that all
selected cells have been programmed. At step 964, it is
checked whether all of the data latches are storing logic
"1." If so, the programming process is complete and suc-
cessful because all selected memory cells were pro-
grammed and verified to their target states. A status of
"PASS" is reported at step 966. Note that in some imple-
mentations, at step 964 it is checked whether at least a
predetermined number of data latches are storing a logic
"1." This predetermined number can be less than the
number of all data latches, thereby allowing the program-
ming process to stop before all memory cells have
reached their appropriate verify levels. The memory cells
that are not successfully programmed can be corrected
using error correction during the read process.
[0077] If, at step 964, it is determined that not all of the
data latches are storing logic "1," then the programming
process continues. At step 968, the program counter PC
is checked against a program limit value. One example
of a program limit value is 20; however, other values can
be used in various implementations. If the program coun-
ter PC is not less than the program limit value, then it is
determined at step 969 whether the number of memory
cells that have not been successfully programmed is
equal to or less than a predetermined number. If the
number of unsuccessfully programmed memory cells is
equal to or less than the predetermined number, then the
programming process is flagged as passed and a status
of PASS is reported at step 971. In many cases, the mem-
ory cells that are not successfully programmed can be

corrected using error correction during the read process.
If however, the number of unsuccessfully programmed
memory cells is greater than the predetermined number,
the program process is flagged as failed and a status of
FAIL is reported at step 970. If in step 968 it is determined
that the program counter PC is less than the program
limit value (e.g., 20), then the magnitude of the next Vpgm
voltage pulse is increased by the step size (e.g., 0.2 - 0.4
volt step size) and the program counter PC is increment-
ed at step 972. After step 972, the process loops back
to step 960 to apply the next Vpgm voltage pulse.
[0078] In general, during verify operations (such as the
verify operations performed during step 962 of Fig. 9B)
and read operations, the selected word line is connected
to a voltage, a level of which is specified for each read
and verify operation in order to determine whether a
threshold voltage of the concerned memory cell has
reached such level. After applying the word line voltage,
the conduction current of the memory cell is measured
to determine whether the memory cell turned on in re-
sponse to the voltage applied to the word line. If the con-
duction current is measured to be greater than a certain
value, then it is assumed that the memory cell turned on
and the voltage applied to the word line is greater than
the threshold voltage of the memory cell. If the conduction
current is not measured to be greater than the certain
value, then it is assumed that the memory cell did not
turn on and the voltage applied to the word line is not
greater than the threshold voltage of the memory cell.
[0079] There are many ways to measure the conduc-
tion current of a memory cell during a read or verify op-
eration. In one example, the conduction current of a mem-
ory cell is measured by the rate it discharges or charges
a dedicated capacitor in the sense amplifier. In another
example, the conduction current of the selected memory
cell allows (or fails to allow) the NAND string that included
the memory cell to discharge the corresponding bit line.
The voltage on the bit line is measured after a period of
time to see whether it has been discharged or not.
[0080] Figure 10A is a flowchart depicting one embod-
iment of a process 1000 of determining whether there is
a data integrity problem with a block. Process 1000 can
be used to perform step 806 of Figure 8. Process 1000
can also be used for embodiments of the refresh proce-
dure of step 810 in which a determination is made as to
whether a candidate block has a data integrity problem.
In step 1002, a high resolution scan is performed of non-
volatile storage elements. The scan may be performed
over a limited range. For example, referring to figure 6B,
the scan may be performed over a portion of states 14
and 15. The high resolution scan involves performing a
number of reads at a higher resolution than a normal read
process. Only a single word line (or portion thereof) in a
block needs to be scanned to collect all of the data for
detecting a data integrity problem. However, data from
multiple word lines can be scanned if desired. Herein,
the high resolution read points are referred to as "soft
reads".
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[0081] Figure 11 depicts a distribution function 1101
(cell count as a function of control gate voltage). The
distribution 1101 corresponds to approximately four of,
for example, 16 Vt distributions such as those depicted
in Figure 6B. The distribution has "valleys" between
peaks that correspond to the Vt distributions that result
from programming the memory cells to different states.
In one embodiment, one of the valley bottoms 1111 in
the distribution function 1101 is determined. Since only
the threshold voltage corresponding to one valley bottom
needs to be determined, only a portion of the distribution
function 1101 needs to be determined. In this example
depicted in Figure 11, 16 different control gate voltages
(soft read voltages Vsr1-Vsr16) were used to produce
the portion of the distribution 1101 indicated by the solid
line. More or fewer than 16 soft read voltages can be
used. The dashed-line portion of the distribution 1101
shows how the distribution 1101 might appear if a greater
range of control gate voltages were applied.
[0082] In one embodiment, the valley that is targeted
for identification is determined based on expected char-
acteristics of Vt distributions that result from program-
ming to various states. For example, the valley may be
selected based on factors such as the expected separa-
tion between the Vt distributions and the amount of shift
that is expected to occur to the different Vt distributions.
With some non-volatile storage devices, the Vt distribu-
tions with higher voltage have greater separation and are
expected to experience a larger shift. However, note that
each state may be impacted differently by different data
integrity problems, which will also impact the decision of
which valley to identify. For example, state 15 may suffer
from read disturb to a greater extent than other states.
Therefore, if the intent is to measure for a data retention
problem it may be desirable to avoid reading a state that
suffers greatly from read disturb, or at least factor in how
read disturb will affect the shift in the Vt distribution. Note
that the high resolution scan is performed over a very
limited voltage range that does not include any of the
other 14 Vt distributions (in an embodiment using 16 data
states). Therefore, the total number of read operations
is kept to a reasonably low number. On the other hand,
selecting to scan for the valley between states 14 and 15
(i.e., the highest valley when there are 16 states) may be
desirable for the following reason. It may be that there is
so much downward shift in the distributions that the valley
betweens states 14 and 15 might be erroneously inter-
preted as the valley between states 13 and 14. Searching
for the valley between the two highest states alleviates
this problem.
[0083] To determine the distribution, the soft read volt-
ages Vsr1-Vs16 are successively applied to control gates
of memory cells of the selected word line in the block.
For example, the voltage that is applied to the control
gates of the memory cells is stepped up by, for example,
50 mV with each successive voltage. The number of
memory cells that conduct (turn on) in response to each
soft read is recorded. It is not required that the actual

data stored in each given cell be recorded. Rather, the
shape of the distributions 1101 can be determined based
on analysis of how many memory cells conduct (turn on)
in response to each of the soft read voltages.
[0084] In step 1004 of process 1000, a valley bottom
in the distribution function is determined. In one embod-
iment a valley bottom voltage is identified. The purpose
of the valley bottom voltage is to have a reference point
to determine how much at least one of the Vt distributions
has shifted. An example valley bottom voltage 1111 is
depicted in Figure 11 between Vt distributions 1102a and
1102b. In one embodiment, the reference point is some-
where other than the valley bottom. For example, the
reference voltage could be a peak in the distribution func-
tion 1101.
[0085] In one embodiment, the valley is determined by
first smoothing the threshold voltage distribution data.
Any one of many suitable known functions can be used
to smooth the threshold voltage distribution data. For ex-
ample, a low pass filter can be used to smooth the data.
Then, a derivative of the smoothed data may be deter-
mined. There are many ways and forms to create and
store information about the derivative, with no one par-
ticular way or form required. Next, the output of the de-
rivative calculation is investigated to look for a zero cross-
ing to identify the valley.
[0086] The following describes another technique for
finding a valley. In this embodiment, the threshold voltage
distribution data is smoothed by convolving the threshold
voltage distribution data with a function. In one embodi-
ment, the function is a Gaussian function. In another em-
bodiment, the function is a truncated Gaussian so that
the front and back tails of the Gaussian function are re-
moved. In other embodiments, functions other than a
Gaussian can be used. Then, the derivative of the
smoothed data is determined. Next, the output of deriv-
ative calculation is investigated to look for a negative to
positive transitioning zero crossing in order to identify the
valley.
[0087] One additional technique that can be used to
locate the valley is to square the threshold voltage dis-
tribution data. This may serve to provide more contrast
for the data. Then, the square of threshold voltage dis-
tribution data is smoothed using any of the methods dis-
cussed above. Next, the derivative of the smoothed data
is determined and the valley is determined from a zero
crossing.
[0088] In step 1006, a shift in Vt distribution is deter-
mined based on the reference point (e.g., threshold volt-
age of valley bottom voltage). As another example, a shift
in Vt distribution 1102b can be determined based on
threshold voltage of a peak in the distribution function.
In one embodiment, the derivative techniques described
above can be modified to identify a peak in the distribution
function 1101. In one embodiment, the shift in Vt distri-
bution is calculated as the difference between the valley
bottom voltage and a reference voltage. The reference
voltage can be determined based on the expected shape
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of Vt distribution 1102b after programming. The expected
shape can be determined by engineering characteriza-
tion. Thus, the shape of the Vt distributions 1102a and
1102b immediately after programming in the field need
not be determined in order to determine the reference
voltage. Also note that when first programmed, the Vt
distributions 1102a, 1102b may not overlap at all. Note
that the distributions 1102a, 1102b can shift either to the
right or to the left as a result of data retention problems
depending on whether charge was removed or added to
the cells during programming.
[0089] In step 1008, a determination is made as to
whether to refresh the data based, at least in part, on the
shift in Vt distribution. The amount of shift that warrants
a data refresh can be determined based on laboratory
tests that determine how those shifts affect the ability to
accurately read data. If the data in the block are to be
refreshed, then process 900 of Figure 9A is performed.
However, the data refresh does not need to be performed
immediately. For example, the data refresh can be de-
ferred until a determination is made as to which blocks
in the entire memory array 200 are to be refreshed. A
record of the blocks to be refreshed is kept such that the
data refresh (e.g., process 900) may be performed at a
convenient time. In some cases, the data refresh will not
be performed prior to the device 210 being powered
down. Therefore, the record should be maintained in non-
volatile memory such as a spare block.
[0090] The refresh determination of step 1008 can be
based on many factors other than, or in addition to, Vt
distribution shift. Note that states in which the memory
cells have higher threshold voltages may lose/gain
charge at a faster rate than states associated with lower
threshold voltages. Thus, one factor in the refresh deter-
mination is which states are associated with the Vt dis-
tributions under analysis. As previously discussed, vari-
ous states may have different widths/spacings in order
to accommodate varying amounts of susceptibility to data
retention loss. Thus, states that are more prone to shift
may be better suited for measuring the shift in Vt distri-
bution. However, any of the states can be used to meas-
ure the shift in Vt distribution. The different Vt distribution
shift characteristics for a particular storage device can
be learned based on tests that are performed on the de-
vice in a laboratory.
[0091] Another factor to be considered in the refresh
determination is which word line or word lines were tested
for data integrity. As previously discussed, in one em-
bodiment, a single word line is selected for testing for a
data integrity problem. Different word lines may have dif-
ferent characteristics with respect to certain data integrity
problems such as data retention. Note that because the
characteristics of some word lines will be very similar to
others, different word lines may be grouped into a set.
[0092] Still another factor to be considered is the
number of times that the block has been programmed,
which is otherwise referred to as a "hot count." The hot
count may be stored as overhead in the block. Blocks

that have been programmed many times may tend to
move towards charge neutrality more rapidly than those
programmed only a few times. Therefore, a block with a
high hot count possibly should be refreshed with a smaller
shift in Vt distribution than a block with a low hot count,
at least for some storage devices.
[0093] Another factor is the time that has elapsed since
the block was programmed. However, because the de-
vice may be subjected to extreme differences in environ-
mental conditions, the time since last write may not by
itself be a reliable indicator of the need to refresh data.
That is, overreliance on the time since the last program-
ming may lead to failing to refresh when needed if the
time parameter is too long or refreshing too often if the
time parameter is too short. However, as one factor
among many, using a time parameter may be beneficial
when deciding whether to refresh data in a borderline
case.
[0094] Another factor to consider is the present power
supply voltage, which can affect the magnitude of many
of the voltages such as the magnitude of the soft read
voltages that are used to determine a point at which the
Vt distributions intersect.
[0095] The refresh decision can also be based on the
temperature when the selected block was programmed
and the current temperature. Note that the threshold volt-
age of a transistor is a function of temperature. Therefore,
if these two temperatures are substantially different, a
shift in Vt distribution can be expected. In one embodi-
ment, the storage device 210 has built in temperature
compensation to account for such temperature induced
shifts in threshold voltage in which case it may not be
necessary to factor in temperate when making the refresh
determination.
[0096] In one embodiment, the storage device 210
stores a multi-axis "refresh factors" table that specifies
how the foregoing factors affect the refresh determina-
tion. The refresh factors table may be stored in the mem-
ory array 200 prior to providing the storage device 210
to the customer such that the table is accessible to the
managing circuit. Figure 12 depicts an example of a two-
axis table 1200 having a first axis for 16 different states
(S0-S15) and a second axis for five different groups of
word lines (WL). In practice, each cell contains a value
used to determine how much the Vt distribution is allowed
to shift for the factors associated with the cell. For exam-
ple, the cell associated with state 13 and WL11-WL23
has the value "Vx". Values are not depicted in other cells
of the example table 1200 so as to not obscure the dia-
gram.
[0097] As a particular example, if word line 17 was test-
ed and state 13 is being analyzed, then referring to table
1200 the shift in the Vt distribution is compared to the
value "Vx" to determine whether there is a data integrity
problem. The table 1200 may have many more axes, with
each axis corresponding to one of the foregoing factors,
or other factors. For example, the table 1200 could have
another axis corresponding to different hot count ranges.
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[0098] Figure 10B depicts one embodiment of a proc-
ess 1030 of determining whether a data refresh is needed
based on how many bits need to be corrected by a cor-
rection algorithm. Process 1030 is one technique for per-
forming step 806 of Figure 8. In step 1032, cells in the
selected word line are read. As previously discussed, in
one embodiment, the word line is randomly selected.
[0099] In step 1034, an ECC algorithm is executed on
the data just read in. The ECC algorithm determines how
many bits of the data need correction.
[0100] In step 1038, the controller 244 determines
whether the number of bits that are in need of correction
is greater than a threshold number of bits. If so, then the
block is identified as in need of a data refresh and a re-
fresh procedure (e.g., Figure 9A) is performed at this time
or later. If the number of bits in error is less than the
threshold, then the block is not identified for data refresh
at this time (step 1042). In one embodiment, the threshold
is a function of the hot count. For example, the higher
the hot count, then lower the threshold.
[0101] Figure 10C depicts one embodiment of a proc-
ess 1060 of determining whether a data refresh is needed
based on how long a correction algorithm takes to con-
verge. Process 1060 is one technique for performing step
806 of Figure 8. In step 1062, cells in the selected word
line are read.
[0102] In step 1064, the controller 244 performs an
ECC algorithm to attempt to recover data bits that are in
error. In step 1068, the controller 244 determines whether
the correction algorithm took longer to converge than is
permitted. In one embodiment, the controller 244 deter-
mines whether an iterative decoding technique took more
than an allowed number of iterations to converge. The
allowed number can be a variable that can be adjusted
to change the sensitivity of the process 1060. For exam-
ple, if the block is a candidate block identified in step 808
of process 800, then the sensitivity could be increased.
If the correction algorithm takes too long to converge,
then the block is refreshed either at this time or later (step
902). If the correction algorithm converges within the al-
lowed number of iterations, then the data in the block is
not refreshed (step 1072). In one embodiment, the
number of iterations is a function of the hot count. For
example, for a higher the hot count, the allowed number
of iterations to converge is lower.
[0103] Figure 13A depicts one embodiment of a proc-
ess 1300 of identifying candidate blocks for a refresh
procedure. The process of Figure 13A may be used to
implement step 808 of Figure 8. Process 1300 uses time
stamps associated with each block to identify candidate
blocks. In step 1302, a time stamp that is associated with
the bad block is accessed. (The bad block was identified
in step 806 of process 800.) In step 1304, time stamps
that are associated with other blocks are accessed. In
one embodiment, the time stamp for a block is stored in
the block itself. Typically, each word line has some mem-
ory cells that are not used for data storage. The time
stamp may be stored in storage elements associated with

one of those unused memory cells. If the time stamps
are stored in each block, only the word line having the
time stamp needs to be read. Also, note that most of the
data in the word line can be ignored since the time stamp
data will be only a very small portion of the data in the
word line. In one embodiment, a "time stamp" table in the
storage device stores the time stamps alleviating the
need to read the time stamps from each block. For ex-
ample, one or more blocks in the memory array 200 are
set aside for the time stamp table.
[0104] In step 1306, a determination is made as to
which blocks have time stamps that are earlier than the
time stamp associated with the bad block. Those blocks
are identified as candidate blocks for a refresh procedure.
In one embodiment, blocks that were last programmed
within a certain time after the block with a data integrity
problem are also marked for the refresh procedure. For
example, those blocks that were last programmed a day
or two after the bad block may also suffer from the same
environmentally caused data integrity problems, and
therefore be identified as candidate blocks. For those
blocks identified as candidate blocks, step 810 of process
800 is performed.
[0105] In one embodiment, sequence numbers are as-
sociated with each block rather than time stamps. The
sequence numbers describe the order in which the blocks
were programmed. Figure 13B is a flowchart depicting
one embodiment of a process 1350 for identifying can-
didate blocks for a refresh procedure by using sequence
numbers. The process 1350 of Figure 13B may be used
to implement step 808 of Figure 8. In step 1352, a se-
quence number that is associated with the bad block is
accessed. In step 1354, sequence numbers that are as-
sociated with other blocks are accessed. Typically, the
sequence numbers for a block is stored in that block.
However, the sequence numbers could be stored else-
where such as in a spare block that has a table of se-
quence numbers associated with block numbers.
[0106] In step 1356, the blocks that have sequence
numbers that are lower than the sequence number as-
sociated with the bad block are identified as candidates
for the refresh procedure. For those blocks identified as
candidate blocks, step 810 of process 800 is performed.
[0107] Figure 14 depicts one embodiment of a process
1400 of managing sequence numbers that are used to
identify candidate blocks for a refresh procedure. In step
1402, the storage device 210 is powered on. Note that
the storage device 210 may be integrated into another
device, such as a personal navigation device. Using this
example, the storage device 210 may have power when-
ever a power source is available to the personal naviga-
tion device. For example, the user might plug the per-
sonal navigation device into a power source such as an
automobile’s "electric lighter." In this example, the stor-
age device 210 may be powered on by the user plugging
the device into the lighter even if the user has the personal
navigation device switched off.
[0108] In step 1404, a sequence number is read from
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blocks of the memory array 200. Some blocks may not
have a sequence number. For example, blocks that do
not currently store valid data will not have a sequence
number. In one embodiment, blocks that only store a sin-
gle bit per cell do not have a sequence number as they
do not require testing. Note that there may be many other
actions performed after the storage device 210 is pow-
ered on prior to reading the sequence numbers.
[0109] In step 1406, the highest sequence number is
recorded as the current sequence number. The current
sequence number may be recorded in random access
memory, which may be either on the storage device 210
or external to the device 210. For example, the host cou-
pled to the device 210 may have random access memory
available. Alternatively, the current sequence number
may be recorded in non-volatile memory (e.g., a spare
block).
[0110] In step 1408, a request is received to write one
or more blocks to the memory array 200. In step 1410,
the current sequence number is incremented. In step
1412, the current sequence number (after the increment-
ing) is stored in the block that is being written. If there
are more blocks to be written (step 1414), then control
passes to step 1410 to increment the sequence number
and store it in the next block being written.
[0111] Figure 15 depicts one embodiment of a process
1500 of managing time stamps that are used to select
candidate blocks for a refresh procedure (e.g., step 810
of process 800). The process 1500 begins in step 1502
with the storage device 210 being powered on.
[0112] In step 1504, time stamps are read from differ-
ent blocks. As with the embodiment that uses sequence
numbers, not all blocks will have time stamps. As previ-
ously discussed, in one embodiment of step 1304 of proc-
ess 1300 the time stamps are accessed from a table. In
optional step 1506, the time stamps read in step 1504
are stored in that time stamp table. The table may be in
RAM or the table may occupy one or more blocks of non-
volatile storage.
[0113] In step 1508, a request is received to write one
or more blocks. In step 1510, the current time is deter-
mined. Note that in some cases the accuracy of the time
that is available may be questionable. For example, the
time might be accessed by querying a host that is coupled
to the storage device 210. However, the host might pro-
vide an inaccurate time. For example, the host’s clock
might have been programmed incorrectly. The accuracy
of the time can be questioned based on the type of source
(e.g., personal computers not to be trusted) or based on
the time being inconsistent with a previous time
[0114] (e.g., time moving backwards). If the time infor-
mation is not trusted, a dummy value can be used in
place of the time information. As an alternative, the last
trusted time information can be stored instead. Note that
if the last trusted time information is stored this might lead
to a conclusion that a block was programmed prior to
when it actually was. Thus, process 1300, which deter-
mines when to refresh based on when blocks were pro-

grammed, might be over inclusive.
[0115] In some embodiments, the storage device 210
has access to a time source that is trusted as being very
reliable. For example, if the storage device 210 is used
in a personal navigation device that receives the correct
time from a satellite, then the time can be considered
trusted as accurate.
[0116] In step 1512, the time stamp is stored in the
block(s) being written. If desired, step 1510 can be re-
peated for each block being written. However, so long
as the writing process is not interrupted for a substantial
period of time, the same time stamp can be used for all
of the blocks being written in a given write request. In
optional step 1514, the time stamp table is updated.
[0117] Note that both time stamps and sequence num-
bers can be stored for the blocks. As previously dis-
cussed, if the time information is not trusted, the time
stamp that is stored may be a dummy value. When per-
forming process 1300 to determine whether to refresh
based on the time stamps, for those blocks having a dum-
my value the sequence numbers can be used instead for
the refresh determination.
[0118] Figure 16 depicts one embodiment of a process
1600 of warning a user to take action intended to mitigate
data retention problems. In step 1602, it is determined
that the storage device 210 is being refreshed too fre-
quently. In one embodiment, the managing circuits make
this determination, but the determination could be made
external to the storage device 210.
[0119] To determine whether data is being refreshed
too frequently, a record pertaining to data refreshes may
be maintained. The record could track each time process
800 resulted in refreshing at least one block. The record
can also include how many total blocks were refreshed,
how many were refreshed based on determination of an
actual data integrity problem (as determined, for exam-
ple, by one or more of processes 1000, 1030, or 1060),
based on automatically refreshing based on when pro-
grammed, etc.
[0120] The record can also indicate when the refresh
occurred, if time information is available. In some cases,
the time of a particular data refresh will not be known,
but a time window can determined. For example, when
the data refresh occurs the storage device might be cou-
pled to a host that does not provide the correct or trusted
time. However, if the storage device is later coupled to a
host that provides the time, the time of refresh can be
localized to a time window (assuming a time prior to the
refresh is known). The determination of how many data
refreshes over a period of time is considered too frequent
can be determined based on information learned when
the device was qualified in the laboratory.
[0121] In step 1604, a message is displayed warning
the user to take corrective action to mitigate the data
integrity problems. As an example, the message indi-
cates that the user should not leave the storage device
for extended time periods in an environment having high
temperatures.
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[0122] The foregoing detailed description of the inven-
tion has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed. Many modi-
fications and variations are possible in light of the above
teaching. The described embodiments were chosen in
order to best explain the principles of the invention and
its practical application, to thereby enable others skilled
in the art to best utilize the invention in various embodi-
ments and with various modifications as are suited to the
particular use contemplated. It is intended that the scope
of the invention be defined by the claims appended here-
to.

Claims

1. A method for operating a non-volatile storage device,
the method comprising:

determining that a refresh of data stored in a first
group of non-volatile storage elements in the de-
vice should be performed based on a data-in-
tegrity condition of one or more of the non-vol-
atile storage elements in the first group (806);
determining that a second group of non-volatile
storage elements in the device should undergo
a refresh procedure based on when the second
group of non-volatile storage elements were last
programmed relative to when the first group of
non-volatile storage elements were last pro-
grammed (808); and
performing the refresh procedure on the second
group of non-volatile storage elements (810);
characterised in that the determining that a
second group of non-volatile storage elements
in the device should undergo a refresh proce-
dure includes:

accessing a first time stamp associated with
the first group of non-volatile storage ele-
ments, the first time stamp indicates when
the first group of non-volatile storage ele-
ments was last programmed;
accessing time stamps associated with
blocks of non-volatile storage elements in
the device, the time stamps indicate when
each of the blocks of non-volatile storage
elements was last programmed; and
determining said second group of non-vol-
atile storage elements on the basis of which
of the blocks have associated time stamps
that are earlier than the first time stamp.

2. A method for operating a non-volatile storage device,
the method comprising:

determining that a refresh of data stored in a first

group of non-volatile storage elements in the de-
vice should be performed based on a data-in-
tegrity condition of one or more of the non-vol-
atile storage elements in the first group (806);
determining that a second group of non-volatile
storage elements in the device should undergo
a refresh procedure based on when the second
group of non-volatile storage elements were last
programmed relative to when the first group of
non-volatile storage elements were last pro-
grammed (808); and
performing the refresh procedure on the second
group of non-volatile storage elements (810);
characterised in that the determining that a
second group of non-volatile storage elements
in the device should undergo a refresh proce-
dure includes:

accessing a sequence number for each of
a plurality of groups of non-volatile storage
elements in the device, the sequence num-
bers indicate the order in which the plurality
of groups were programmed, the sequence
numbers include a first sequence number
for the first group and a second sequence
number for the second group; and
determining said second group of non-vol-
atile elements on the basis that data stored
in groups having a sequence number that
is lower than the first sequence number
should be refreshed, the second sequence
number is lower than the first sequence
number.

3. The method of claim 1 or 2, wherein the performing
the refresh procedure includes:

determining whether to refresh data stored in
the second group of non-volatile storage ele-
ments based on a condition of one or more of
the non-volatile storage elements in the second
group.

4. The method of claim 1, 2 or 3, wherein the determin-
ing that a second group of non-volatile storage ele-
ments in the device should undergo a refresh pro-
cedure includes:

determining which non-volatile storage ele-
ments in the device were programmed prior to
the first group of non-volatile storage elements.

5. The method of any of claims 1 to 4, further compris-
ing:

programming the first group to a plurality of
threshold voltage distributions that includes a
first threshold voltage distribution and a second
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threshold voltage distribution, and wherein the
determining that a refresh of data stored in a first
group of non-volatile storage elements in the de-
vice should be performed includes:

determining a threshold distribution of the
first group of non-volatile memory cells;
determining a reference point on the thresh-
old distribution; and
determining whether data stored in the first
group should be refreshed based on a shift
in the reference point.

6. The method of claim 5, wherein the determining a
reference point in the threshold distribution includes:

applying a plurality of read reference voltages
to at least a portion of the non-volatile storage
elements in the first group, the read reference
voltages are applied over a voltage range that
includes a portion of the first threshold voltage
distribution and the second threshold voltage
distribution;
determining a valley in the threshold distribution
based applying the read reference voltages, the
valley is the reference point.

7. The method of claim 6, wherein the first group is
associated with a plurality of word lines and wherein
the method further comprises randomly selecting a
first word line of the word lines to apply the plurality
of read reference voltages to.

8. The method of claim 7, wherein the determining that
a refresh of data stored in a first group of non-volatile
storage elements in the device should be performed
is further based on the position of the first word line
relative to the position of the other word lines.

9. The method of claim 8, wherein the determining that
a refresh of data stored in a first group of non-volatile
storage elements in the device should be performed
is further based on the number of times the one or
more non-volatile storage elements in the first group
have been programmed.

10. The method of claim 1 or 2, wherein the performing
the refresh procedure includes:

refreshing data stored in the second group of
non-volatile storage elements without determin-
ing whether a data integrity problem exists in the
second group of non-volatile storage elements.

11. A non-volatile storage device comprising:

a plurality of groups of non-volatile storage ele-
ments, including a first group (block i) and a sec-

ond group (block i + n) of non-volatile storage
elements; and
a managing circuit (220, 230, 240, 242, 244) in
communication with the plurality of groups of
non-volatile storage elements, the managing cir-
cuit determines that a refresh of data stored in
the first group of non-volatile storage elements
should be performed based on a data-integrity
condition of one or more of the non-volatile stor-
age elements in the first group, the managing
circuit determines whether the second group of
non-volatile storage elements should undergo a
refresh procedure based on when the second
group of non-volatile storage elements were last
programmed relative to when the first group of
non-volatile storage elements were last pro-
grammed, the managing circuit performs the re-
fresh procedure on the second group;
characterised in that the managing circuit de-
termining that a second group of non-volatile
storage elements in the device should undergo
a refresh procedure includes:

the managing circuit accessing a first time
stamp associated with the first group of non-
volatile storage elements, the first time
stamp indicates when the first group of non-
volatile storage elements was last pro-
grammed;
the managing circuit accessing time stamps
associated with blocks of non-volatile stor-
age elements in the device, the time stamps
indicate when each of the blocks of non-
volatile storage elements was last pro-
grammed; and
the managing circuit determining said sec-
ond group of non-volatile elements on the
basis of which of the blocks have associated
time stamps that are earlier than the first
time stamp.

12. A non-volatile storage device comprising:

a plurality of groups of non-volatile storage ele-
ments, including a first group (block i) and a sec-
ond group (block i + n) of non-volatile storage
elements; and
a managing circuit (220, 230, 240, 242, 244) in
communication with the plurality of groups of
non-volatile storage elements, the managing cir-
cuit determines that a refresh of data stored in
the first group of non-volatile storage elements
should be performed based on a data-integrity
condition of one or more of the non-volatile stor-
age elements in the first group, the managing
circuit determines whether the second group of
non-volatile storage elements should undergo a
refresh procedure based on when the second
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group of non-volatile storage elements were last
programmed relative to when the first group of
non-volatile storage elements were last pro-
grammed, the managing circuit performs the re-
fresh procedure on the second group;
characterised in that the managing circuit de-
termining that a second group of non-volatile
storage elements in the device should undergo
a refresh procedure includes:

the managing circuit accessing a sequence
number for each of a plurality of groups of
non-volatile storage elements in the device,
the sequence numbers indicate the order in
which the plurality of groups were pro-
grammed, the sequence numbers include
a first sequence number for the first group
and a second sequence number for the sec-
ond group; and
the managing circuit determining said sec-
ond group of non-volatile storage elements
on the basis that data stored in groups hav-
ing a sequence number that is lower than
the first sequence number should be re-
freshed, the second sequence number is
lower than the first sequence number.

13. The non-volatile storage device of claim 11 or 12,
wherein the managing circuit programs the first
group to a plurality of threshold voltage distributions
that includes a first threshold voltage distribution and
a second threshold voltage distribution, the manag-
ing circuit determines a threshold distribution of the
first group of non-volatile memory cells, the manag-
ing circuit determines a valley in the threshold distri-
bution, the managing circuit determines whether the
refresh of data stored in the first group of non-volatile
storage elements should be performed based on a
shift in the valley.

14. The non-volatile storage device of claim 13, wherein
the managing circuit determines the valley by apply-
ing a plurality of read reference voltages to at least
a portion of the non-volatile storage elements in the
first group, the managing circuit applies the read ref-
erence voltages over a voltage range that includes
a portion of the first threshold voltage distribution and
the second threshold voltage distribution.

15. The non-volatile storage device of claim 11 or 12,
wherein the managing circuit determines whether
the second group of non-volatile storage elements
should undergo the refresh procedure based on
whether the second group was last programmed pri-
or to when the first group was last programmed.

Patentansprüche

1. Verfahren zum Betreiben einer nichtflüchtigen Spei-
chervorrichtung, wobei das Verfahren Folgendes
aufweist:

Bestimmen, dass ein Auffrischen von in einer
ersten Gruppe nichtflüchtiger Speicherelemen-
te in der Vorrichtung gespeicherten Daten auf
Basis eines Daten-Integritätszustands eines
oder mehrerer der nichtflüchtigen Speicherele-
mente in der ersten Gruppe ausgeführt werden
soll (806);
Bestimmen, dass eine zweite Gruppe nicht-
flüchtiger Speicherelemente in der Vorrichtung
einem Auffrischungsvorgang auf Basis des Zeit-
punkts der letzten Programmierung der zweiten
Gruppe nichtflüchtiger Speicherelemente im
Verhältnis zur letzten Programmierung der
nichtflüchtigen Elemente der ersten Gruppe un-
terzogen werden sollen (808); und
Ausführen des Auffrischungsvorgangs bei der
zweiten Gruppe nichtflüchtiger Speicherele-
ment (810);
dadurch gekennzeichnet, dass das Bestim-
men, dass eine zweite Gruppe nichtflüchtiger
Speicherelemente in der Vorrichtung einem Auf-
frischungsvorgang unterzogen werden soll, Fol-
gendes umfasst:

Zugreifen auf einen ersten, der ersten Grup-
pe nichtflüchtiger Speicherelemente zuge-
ordneten Zeitstempel, wobei der erste Zeit-
stempel angibt, wann die erste Gruppe
nichtflüchtiger Speicherelemente zuletzt
programmiert worden ist;
Zugreifen auf Blöcken nichtflüchtiger Spei-
cherelemente in der Vorrichtung zugeord-
nete Zeitstempel, wobei die Zeitstempel an-
geben, wann jeder der Blöcke nichtflüchti-
ger Speicherelemente zuletzt programmiert
worden ist; und
Bestimmen der zweiten Gruppe nichtflüch-
tiger Speicherelemente auf Basis der Blö-
cke, denen Zeitstempel zugeordnet sind,
die früher sind als der erste Zeitstempel.

2. Verfahren zum Betreiben einer nichtflüchtigen Spei-
chervorrichtung, wobei das Verfahren Folgendes
aufweist:

Bestimmen, dass ein Auffrischen von in einer
ersten Gruppe nichtflüchtiger Speicherelemen-
te in der Vorrichtung gespeicherten Daten auf
Basis eines Daten-Integritätszustands eines
oder mehrerer der nichtflüchtigen Speicherele-
mente in der ersten Gruppe ausgeführt werden
soll (806);
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Bestimmen, dass eine zweite Gruppe nicht-
flüchtiger Speicherelemente in der Vorrichtung
einer Auffrischung auf Basis des Zeitpunkts der
letzten Programmierung der zweiten Gruppe
nichtflüchtiger Speicherelemente im Verhältnis
zur letzten Programmierung der nichtflüchtigen
Elemente der ersten Gruppe unterzogen wer-
den sollen (808); und
Ausführen des Auffrischungsvorgangs bei der
zweiten Gruppe nichtflüchtiger Speicherele-
mente (810);
dadurch gekennzeichnet, dass das Bestim-
men, dass eine zweite Gruppe nichtflüchtiger
Speicherelemente in der Vorrichtung einem Auf-
frischungsvorgang unterzogen werden soll, Fol-
gendes umfasst:

Zugreifen auf eine Sequenznummer für je-
de der mehreren Gruppen nichtflüchtiger
Speicherelemente in der Vorrichtung, wo-
bei die Sequenznummern die Reihenfolge
angeben, in der die mehreren Gruppen pro-
grammiert worden sind, wobei die Se-
quenznummern eine erste Sequenznum-
mer für die erste Gruppe und eine zweite
Sequenznummer für die zweite Gruppe an-
geben; und
Bestimmen der zweiten Gruppe nichtflüch-
tiger Elemente auf der Basis, dass in Grup-
pen gespeicherte Daten, die eine Sequenz-
nummer aufweisen, die niedriger ist als die
erste Sequenznummer, aufgefrischt wer-
den sollen,
wobei die zweite Sequenznummer niedri-
ger ist als die erste Sequenznummer.

3. Verfahren nach Anspruch 1 oder 2, wobei das Aus-
führen des Auffrischungsvorgangs Folgendes um-
fasst:

Bestimmen, ob ein Auffrischen von in der zwei-
ten Gruppe nichtflüchtiger Speicherelemente
gespeicherten Daten auf Basis eines Zustands
eines oder mehrerer nichtflüchtiger Speichere-
lemente in der zweiten Gruppe erfolgen soll.

4. Verfahren nach Anspruch 1, 2 oder 3, wobei das
Bestimmen, dass eine zweite Gruppe nichtflüchtiger
Speicherelemente in der Vorrichtung einem Auffri-
schungsvorgang unterzogen werden soll, Folgen-
des umfasst:

Bestimmen, welche nichtflüchtigen Speichere-
lemente in der Vorrichtung vor der ersten Grup-
pe nichtflüchtiger Speicherelemente program-
miert worden waren.

5. Verfahren nach einem der Ansprüche 1 bis 4, ferner

aufweisend:

Programmieren der ersten Gruppe für mehrere
Schwellenspannungsverteilungen, die eine ers-
te Schwellenspannungsverteilung und eine
zweite Schwellenspannungsverteilung umfas-
sen, und wobei das Bestimmen, dass ein Auf-
frischen von in einer ersten Gruppe nichtflüch-
tiger Speicherelemente in der Vorrichtung ge-
speicherten Daten auszuführen ist, Folgendes
umfasst:

Bestimmen eines Referenzpunkts in der
Schwellenverteilung; und
Bestimmen, ob in der ersten Gruppe ge-
speicherte Daten auf Basis eines Wechsels
des Referenzpunkts aufgefrischt werden
sollen.

6. Verfahren nach Anspruch 5, wobei das Bestimmen
eines Referenzpunkts in der Schwellenverteilung
Folgendes umfasst:

Anwenden mehrerer Lesereferenzspannungen
auf wenigstens einen Teil der nichtflüchtigen
Speicherelemente in der ersten Gruppe, wobei
die Lesereferenzspannungen über einen Span-
nungsbereich angewandt werden, der einen Teil
der ersten Schwellenspannungsverteilung und
der zweiten Schwellenspannungsverteilung
umfasst;
Bestimmen eines Tals in der Schwellverteilung
auf Basis des Anwendens der Lesereferenz-
spannung, wobei das Tal der Referenzpunkt ist.

7. Verfahren nach Anspruch 6, wobei der ersten Grup-
pe mehrere Wortlinien zugeordnet werden, und wo-
bei das Verfahren ferner zufallsweises Auswählen
einer ersten Wortlinie unter den Wortlinien für An-
wenden auf die mehreren Lesereferenzspannungen
aufweist.

8. Verfahren nach Anspruch 7, wobei das Bestimmen,
dass ein Auffrischen von in einer ersten Gruppe
nichtflüchtiger Speicherelemente in der Vorrichtung
gespeicherten Daten ausgeführt werden soll, ferner
auf der Position der ersten Wortlinie im Verhältnis
zur Position der anderen Wortlinien basiert.

9. Verfahren nach Anspruch 8, wobei das Bestimmen,
dass ein Auffrischen von in einer ersten Gruppe
nichtflüchtiger Speicherelemente in der Vorrichtung
gespeicherten Daten ausgeführt werden soll, ferner
darauf basiert, wie viele Male das eine oder die meh-
reren nichtflüchtigen Speicherelemente in der ersten
Gruppe programmiert worden sind.

10. Verfahren nach Anspruch 1 oder 2, wobei das Aus-
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führen des Auffrischungsvorgangs Folgendes auf-
weist:

Auffrischen von in einer ersten Gruppe nicht-
flüchtiger Speicherelemente gespeicherten Da-
ten ohne Bestimmen, ob ein Datenintegritäts-
problem in der zweiten Gruppe nichtflüchtiger
Speicherelemente vorliegt.

11. Nichtflüchtige Speichervorrichtung, aufweisend:

mehrere Gruppen nichtflüchtiger Speicherele-
mente, aufweisend eine erste Gruppe (Block i)
und eine zweite Gruppe (Block i + n) nichtflüch-
tiger Speicherelemente; und
einen Verwaltungsschaltkreis (220, 230, 240,
242, 244) in Kommunikation mit den mehreren
Gruppen nichtflüchtiger Speicherelemente, wo-
bei der Verwaltungsschaltkreis bestimmt, dass
eine Auffrischung von in den nichtflüchtigen
Speicherelementen gespeicherten Daten auf
Basis eines Daten-Integritätszustands eines
oder mehrerer nichtflüchtiger Speicherelemen-
te in der ersten Gruppe ausgeführt werden soll,
wobei der Verwaltungsschaltkreis bestimmt, ob
die zweite Gruppe nichtflüchtiger Speicherele-
mente auf Basis des Zeitpunkts der letzten Pro-
grammierung der zweiten Gruppe nichtflüchti-
ger Speicherelemente im Verhältnis zur letzten
Programmierung der nichtflüchtigen Elemente
der ersten Gruppe einer Auffrischung unterzo-
gen werden soll;
dadurch gekennzeichnet, dass das Bestim-
men, dass eine zweite Gruppe nichtflüchtiger
Speicherelemente in der Vorrichtung einer Auf-
frischung unterzogen werden sollen, Folgendes
aufweist:

Zugreifen des Verwaltungsschaltkreises
auf einen ersten, der ersten Gruppe nicht-
flüchtiger Speicherelemente zugeordneten
Zeitstempel, wobei der erste Zeitstempel
angibt, wann die erste Gruppe nichtflüchti-
ger Speicherelemente zuletzt programmiert
worden ist;
Zugreifen des Verwaltungsschaltkreises
auf Zeitstempel, die Blöcken von nichtflüch-
tigen Speicherelementen in der Vorrichtung
zugeordnet sind,
wobei die Zeitstempel angeben, wann jeder
der Blöcke von nichtflüchtigen Speichere-
lementen zuletzt programmiert worden ist;
und
Bestimmen durch den Verwaltungsschalt-
kreis der zweiten Gruppe nichtflüchtiger
Speicherelemente auf Basis der Zuordnung
von Zeitstempeln, die früher sind als der
erste Zeitstempel.

12. Nichtflüchtige Speichervorrichtung, aufweisend:

mehrere Gruppen nichtflüchtiger Speicherele-
mente, aufweisend eine erste Gruppe (Block i)
und eine zweite Gruppe (Block i + n) nichtflüch-
tiger Speicherelemente; und
einen Verwaltungsschaltkreis (220, 230, 240,
242, 244) in Kommunikation mit den mehreren
Gruppen nichtflüchtiger Speicherelemente, wo-
bei der Verwaltungsschaltkreis bestimmt, dass
eine Auffrischung von in den nichtflüchtigen
Speicherelementen gespeicherten Daten auf
Basis eines Daten-Integritätszustands eines
oder mehrerer nichtflüchtiger Speicherelemen-
te in der ersten Gruppe ausgeführt werden soll,
wobei der Verwaltungsschaltkreis bestimmt, ob
die zweite Gruppe nichtflüchtiger Speicherele-
mente auf Basis des Zeitpunkts der letzten Pro-
grammierung der zweiten Gruppe nichtflüchti-
ger Speicherelemente im Verhältnis zur letzten
Programmierung der nichtflüchtigen Elemente
der ersten Gruppe einer Auffrischung unterzo-
gen werden sollen, wobei der Verwaltungs-
schaltkreis den Auffrischungsvorgang bei der
zweiten Gruppe ausführt;
dadurch gekennzeichnet, dass das Bestim-
men des Verwaltungsschaltkreises, dass eine
zweite Gruppe nichtflüchtiger Elemente in der
Vorrichtung einem Auffrischungsvorgang unter-
zogen werden sollen, Folgendes aufweist:

Zugreifen des Verwaltungsschaltkreises
auf eine Sequenznummer für jede der meh-
reren Gruppen nichtflüchtiger Speicherele-
mente in der Vorrichtung, wobei die Se-
quenznummern die Reihenfolge angeben,
in der die mehreren Gruppen programmiert
worden sind, wobei die Sequenznummern
eine erste Sequenznummer für die erste
Gruppe und eine zweite Sequenznummer
für die zweite Gruppe angeben; und
Bestimmen des Verwaltungsschaltkreises,
dass die zweite Gruppe nichtflüchtiger Ele-
mente auf der Basis, dass in Gruppen ge-
speicherte Daten, die eine Sequenznum-
mer aufweisen, die niedriger ist als die erste
Sequenznummer, aufgefrischt werden sol-
len, wobei die zweite Sequenznummer
niedriger ist als die erste Sequenznummer.

13. Nichtflüchtige Speichervorrichtung nach Anspruch
11 oder 12, wobei der Verwaltungsschaltkreis die
erste Gruppe für mehrere Schwellenspannungsver-
teilungen programmiert, die eine erste Schwellen-
spannungsverteilung und eine zweite Schwellen-
spannungsverteilung umfassen, und wobei der Ver-
waltungsschaltkreis eine Schwellenverteilung der
ersten Gruppe nichtflüchtiger Speicherzellen be-
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stimmt, wobei der Verwaltungsschaltkreis ein Tal in
der Schwellenverteilung bestimmt, wobei der Ver-
waltungsschaltkreis bestimmt, ob in der ersten Grup-
pe nichtflüchtiger Speicherelemente gespeicherte
Daten auf Basis eines Wechsels des Referenz-
punkts aufgefrischt werden sollen.

14. Nichtflüchtige Speichervorrichtung nach Anspruch
13, wobei der Verwaltungsschaltkreis das Tal durch
Anwenden mehrerer Lesereferenzspannungen auf
wenigstens einen Teil der nichtflüchtigen Speicher-
elemente in der ersten Gruppe bestimmt, wobei der
Verwaltungsschaltkreis die Lesereferenzspannun-
gen über einen Spannungsbereich anwendet, der
einen Teil der ersten Schwellenspannungsvertei-
lung und der zweiten Schwellenspannungsvertei-
lung umfasst.

15. Nichtflüchtige Speichervorrichtung nach Anspruch
11 oder 12, wobei der Verwaltungsschaltkreis ab-
hängig davon, ob die letzte Programmierung der
zweiten Gruppe vor der letzten Programmierung der
ersten Gruppe liegt, bestimmt, ob die zweite Gruppe
nichtflüchtiger Speicherelemente einer Auffrischung
unterzogen werden soll.

Revendications

1. Procédé de mise en oeuvre d’un dispositif de stoc-
kage non volatil, le procédé comprenant :

la détermination qu’un rafraîchissement de don-
nées stockées dans un premier groupe d’élé-
ments de stockage non volatils dans le dispositif
devrait être effectué en se basant sur un état
d’intégrité de données d’un ou plusieurs des élé-
ments de stockage non volatils dans le premier
groupe (806) ;
la détermination qu’un second groupe d’élé-
ments de stockage non volatils dans le dispositif
devrait subir une procédure de rafraîchissement
en se basant sur le moment où le second groupe
d’éléments de stockage non volatils a été pro-
grammé en dernier par rapport au moment où
le premier groupe d’éléments de stockage non
volatils a été programmé en dernier (808) ; et
l’exécution de la procédure de rafraîchissement
sur le second groupe d’éléments de stockage
non volatils (810) ;
caractérisé en ce que la détermination qu’un
second groupe d’éléments de stockage non vo-
latils dans le dispositif devrait subir une procé-
dure de rafraîchissement inclut :

l’accès à une première estampille tempo-
relle associée au premier groupe d’élé-
ments de stockage non volatils, la première

estampille temporelle indique quand le pre-
mier groupe d’éléments de stockage non
volatils a été programmé en dernier ;
l’accès à des estampilles temporelles asso-
ciées à des blocs d’éléments de stockage
non volatils dans le dispositif, les estam-
pilles temporelles indiquent quand chacun
des blocs d’éléments de stockage non vo-
latils a été programmé en dernier ; et
la détermination dudit second groupe d’élé-
ments de stockage non volatils sur la base
de ceux des blocs ayant des estampilles
temporelles associées qui sont plus préco-
ces que la première estampille temporelle.

2. Procédé de mise en oeuvre d’un dispositif de stoc-
kage non volatil, le procédé comprenant :

la détermination qu’un rafraîchissement de don-
nées stockées dans un premier groupe d’élé-
ments de stockage non volatils dans le dispositif
devrait être effectué en se basant sur un état
d’intégrité de données d’un ou plusieurs des élé-
ments de stockage non volatils dans le premier
groupe (806) ;
la détermination qu’un second groupe d’élé-
ments de stockage non volatils dans le dispositif
devrait subir une procédure de rafraîchissement
en se basant sur le moment où le second groupe
d’éléments de stockage non volatils a été pro-
grammé en dernier par rapport au moment où
le premier groupe d’éléments de stockage non
volatils a été programmé en dernier (808) ; et
l’exécution de la procédure de rafraîchissement
sur le second groupe d’éléments de stockage
non volatils (810) ;
caractérisé en ce que la détermination qu’un
second groupe d’éléments de stockage non vo-
latils dans le dispositif devrait subir une procé-
dure de rafraîchissement inclut :

l’accès à un numéro de séquence pour cha-
cun d’une pluralité de groupes d’éléments
de stockage non volatils dans le dispositif,
les numéros de séquence indiquent l’ordre
dans lequel la pluralité de groupes a été pro-
grammée, les numéros de séquence in-
cluent un premier numéro de séquence
pour le premier groupe et un second numé-
ro de séquence pour le second groupe ; et
la détermination dudit second groupe d’élé-
ments non volatils sur la base que des don-
nées stockées dans des groupes ayant un
numéro de séquence qui est inférieur au
premier numéro de séquence devraient être
rafraîchies, le second numéro de séquence
est inférieur au premier numéro de séquen-
ce.
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3. Procédé selon la revendication 1 ou 2, dans lequel
l’exécution de la procédure de rafraîchissement
inclut :

la détermination s’il faut rafraîchir des données
stockées dans le second groupe d’éléments de
stockage non volatils en se basant sur un état
d’un ou plusieurs des éléments de stockage non
volatils dans le second groupe.

4. Procédé selon la revendication 1, 2 ou 3, dans lequel
la détermination qu’un second groupe d’éléments de
stockage non volatils dans le dispositif devrait subir
une procédure de rafraîchissement inclut :

la détermination de quels éléments de stockage
non volatils dans le dispositif ont été program-
més avant le premier groupe d’éléments de
stockage non volatils.

5. Procédé selon l’une quelconque des revendications
1 à 4, comprenant en outre :

la programmation du premier groupe à une plu-
ralité de distributions de tension de seuil qui in-
clut une première distribution de tension de seuil
et une seconde distribution de tension de seuil,
et dans lequel la détermination qu’un rafraîchis-
sement de données stockées dans un premier
groupe d’éléments de stockage non volatils
dans le dispositif devrait être effectué inclut :

la détermination d’une distribution de seuil
du premier groupe de cellules de mémoire
non volatiles ;
la détermination d’un point de référence sur
la distribution de seuil ; et
la détermination si des données stockées
dans le premier groupe devraient être ra-
fraîchies en se basant sur un décalage dans
le point de référence.

6. Procédé selon la revendication 5, dans lequel la dé-
termination d’un point de référence dans la distribu-
tion de seuil inclut :

l’application d’une pluralité de tensions de réfé-
rence lues à au moins une partie des éléments
de stockage non volatils dans le premier groupe,
les tensions de référence lues sont appliquées
sur une plage de tensions qui inclut une partie
de la première distribution de tension de seuil
et de la seconde distribution de tension de seuil ;
la détermination d’un creux dans la distribution
de seuil en se basant sur l’application des ten-
sions de référence lues, le creux est le point de
référence.

7. Procédé selon la revendication 6, dans lequel le pre-
mier groupe est associé à une pluralité de lignes de
mots et dans lequel le procédé comprend en outre
la sélection aléatoire d’une première ligne de mots
des lignes de mots pour appliquer la pluralité de ten-
sions de référence lues.

8. Procédé selon la revendication 7, dans lequel la dé-
termination qu’un rafraîchissement de données
stockées dans un premier groupe d’éléments de
stockage non volatils dans le dispositif devrait être
effectué est en outre basée sur la position de la pre-
mière ligne de mots par rapport à la position des
autres lignes de mots.

9. Procédé selon la revendication 8, dans lequel la dé-
termination qu’un rafraîchissement de données
stockées dans un premier groupe d’éléments de
stockage non volatils dans le dispositif devrait être
effectué est en outre basée sur le nombre de fois
que le ou les plusieurs éléments de stockage non
volatils dans le premier groupe ont été programmés.

10. Procédé selon la revendication 1 ou 2, dans lequel
l’exécution de la procédure de rafraîchissement
inclut :

le rafraîchissement de données stockées dans
le second groupe d’éléments de stockage non
volatils sans déterminer si un problème d’inté-
grité de données existe dans le second groupe
d’éléments de stockage non volatils.

11. Dispositif de stockage non volatil comprenant :

une pluralité des groupes d’éléments de stoc-
kage non volatils, incluant un premier groupe
(bloc i) et un second groupe (bloc i + n) d’élé-
ments de stockage non volatils ; et
un circuit de gestion (220, 230, 240, 242, 244)
en communication avec la pluralité de groupes
d’éléments de stockage non volatils, le circuit
de gestion détermine qu’un rafraîchissement de
données stockées dans le premier groupe d’élé-
ments de stockage non volatils devrait être ef-
fectué en se basant sur un état d’intégrité de
données d’un ou plusieurs des éléments de
stockage non volatils dans le premier groupe, le
circuit de gestion détermine si le second groupe
d’éléments de stockage non volatils devrait su-
bir une procédure de rafraîchissement en se ba-
sant sur le moment où le second groupe d’élé-
ments de stockage non volatils a été programmé
en dernier par rapport au moment où le premier
groupe d’éléments de stockage non volatils a
été programmé en dernier, le circuit de gestion
effectue la procédure de rafraîchissement sur le
second groupe ;
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caractérisé en ce que le circuit de gestion dé-
terminant qu’un second groupe d’éléments de
stockage non volatils dans le dispositif devrait
subir une procédure de rafraîchissement inclut :

le circuit de gestion ayant accès à une pre-
mière estampille temporelle associée au
premier groupe d’éléments de stockage
non volatils, la première estampille tempo-
relle indique quand le premier groupe d’élé-
ments de stockage non volatils a été pro-
grammé en dernier ;
le circuit de gestion ayant accès à des es-
tampilles temporelles associées à des blocs
d’éléments de stockage non volatils dans le
dispositif, les estampilles temporelles indi-
quent quand chacun des blocs d’éléments
de stockage non volatils a été programmé
en dernier ; et
le circuit de gestion déterminant ledit se-
cond groupe d’éléments non volatils sur la
base de ceux des blocs ayant des estam-
pilles temporelles associées qui sont plus
précoces que la première estampille tem-
porelle.

12. Dispositif de stockage non volatil comprenant :

une pluralité de groupes d’éléments de stocka-
ge non volatils, incluant un premier groupe (bloc
i) et un second groupe (bloc i + n) d’éléments
de stockage non volatils ; et
un circuit de gestion (220, 230, 240, 242, 244)
en communication avec la pluralité de groupes
d’éléments de stockage non volatils, le circuit
de gestion détermine qu’un rafraîchissement de
données stockées dans le premier groupe d’élé-
ments de stockage non volatils devrait être ef-
fectué en se basant sur un état d’intégrité de
données d’un ou plusieurs des éléments de
stockage non volatils dans le premier groupe, le
circuit de gestion détermine si le second groupe
d’éléments de stockage non volatils devrait su-
bir une procédure de rafraîchissement en se ba-
sant sur le moment où le second groupe d’élé-
ments de stockage non volatils a été programmé
en dernier par rapport au moment où le premier
groupe d’éléments de stockage non volatils a
été programmé en dernier, le circuit de gestion
effectue la procédure de rafraîchissement sur le
second groupe ;
caractérisé en ce que le circuit de gestion dé-
terminant qu’un second groupe d’éléments de
stockage non volatils dans le dispositif devrait
subir une procédure de rafraîchissement inclut :

le circuit de gestion ayant accès à un nu-
méro de séquence pour chacun d’une plu-

ralité de groupes d’éléments de stockage
non volatils dans le dispositif, les numéros
de séquence indiquent l’ordre dans lequel
la pluralité de groupes a été programmée,
les numéros de séquence incluent un pre-
mier numéro de séquence pour le premier
groupe et un second numéro de séquence
pour le second groupe ; et
le circuit de gestion déterminant ledit se-
cond groupe d’éléments de stockage non
volatils sur la base que des données stoc-
kées dans des groupes ayant un numéro
de séquence qui est inférieur au premier nu-
méro de séquence devraient être rafraî-
chies, le second numéro de séquence est
inférieur au premier numéro de séquence.

13. Dispositif de stockage non volatil selon la revendi-
cation 11 ou 12, dans lequel le circuit de gestion
programme le premier groupe à une pluralité de dis-
tributions de tension de seuil qui inclut une première
distribution de tension de seuil et une seconde dis-
tribution de tension de seuil, le circuit de gestion dé-
termine une distribution de seuil du premier groupe
de cellules de mémoire non volatiles, le circuit de
gestion détermine un creux dans la distribution de
seuil, le circuit de gestion détermine si le rafraîchis-
sement de données stockées dans le premier grou-
pe d’éléments de stockage non volatils devrait être
effectué en se basant sur un soulèvement dans le
creux.

14. Dispositif de stockage non volatil selon la revendi-
cation 13, dans lequel le circuit de gestion détermine
le creux en appliquant une pluralité de tensions de
référence lues à au moins une partie des éléments
de stockage non volatils dans le premier groupe, le
circuit de gestion applique les tensions de référence
lues sur une plage de tensions qui inclut une partie
de la première distribution de tension de seuil et de
la seconde distribution de tension de seuil.

15. Dispositif de stockage non volatil selon la revendi-
cation 11 ou 12, dans lequel le circuit de gestion
détermine si le second groupe d’éléments de stoc-
kage non volatils devrait subir la procédure de ra-
fraîchissement en se basant sur si le second groupe
a été programmé en dernier avant le moment où le
premier groupe a été programmé en dernier.

43 44 



EP 2 368 251 B1

24



EP 2 368 251 B1

25



EP 2 368 251 B1

26



EP 2 368 251 B1

27



EP 2 368 251 B1

28



EP 2 368 251 B1

29



EP 2 368 251 B1

30



EP 2 368 251 B1

31



EP 2 368 251 B1

32



EP 2 368 251 B1

33



EP 2 368 251 B1

34



EP 2 368 251 B1

35



EP 2 368 251 B1

36



EP 2 368 251 B1

37



EP 2 368 251 B1

38



EP 2 368 251 B1

39

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 6859397 B [0004]
• US 6917542 B [0004]
• US 6888758 B [0004]
• US 6415352 B [0013]
• US 6222762 B [0026]
• US 20040255090 A [0026]
• US 5570315 A [0027]
• US 5774397 A [0027]
• US 6046935 A [0027]
• US 6456528 B [0027]

• US 20030002348 A [0027]
• US 20060140007 A [0035]
• US 7196931 B [0042]
• US 7023736 B [0042]
• US 20050169082 A [0042]
• US 7196928 B [0042]
• US 20060158947 A [0042] [0068]
• US 20070086239 A [0069]
• US 20070089034 A [0069]

Non-patent literature cited in the description

• CHAN et al. A True Single-Transistor Oxide-Ni-
tride-Oxide EEPROM Device. IEEE Electron Device
Letters, March 1987, vol. EDL-8 (3), 93-95 [0028]

• NOZAKI et al. A 1-Mb EEPROM with MONOS Mem-
ory Cell for Semiconductor Disk Application. IEEE
Journal of Solid-State Circuits, April 1991, vol. 26 (4),
497-501 [0028]

• Nonvolatile Semiconductor Memory Technology.
IEEE Press, 1998 [0028]


	bibliography
	description
	claims
	drawings
	cited references

