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PARTIAL BLOCK ERASE FOR DATA REFRESHING

BACKGROUND

[0001] Semiconductor memory is widely used in various electronic devices such as
cellular telephones, digital cameras, personal digital assistants, medical electronics, mobile
computing devices, and non-mobile computing devices. Semiconductor memory may
comprise non-volatile memory or volatile memory. A non-volatile memory allows
information to be stored and retained even when the non-volatile memory is not connected to
a source of power (e.g., a battery). Examples of non-volatile memory include flash memory
(e.g., NAND-type and NOR-type flash memory) and Electrically Erasable Programmable
Read-Only Memory (EEPROM).

[0002] Both flash memory and EEPROM utilize floating-gate transistors. For each
floating-gate transistor, a floating gate is positioned above and insulated from a channel
region of the floating-gate transistor. The channel region is positioned between source and
drain regions of the floating-gate transistor. A control gate is positioned above and insulated
from the floating gate. The threshold voltage of the floating-gate transistor may be controlled
by setting the amount of charge stored on the floating gate. The amount of charge on the
floating gate is typically controlled using Fowler-Nordheim tunneling or hot-electron
injection. The ability to adjust the threshold voltage allows a floating-gate transistor to act as
a non-volatile storage element or memory cell. In some cases, more than one data bit per
memory cell (i.e., a multi-level or multi-state memory cell) may be provided by programming

and reading multiple threshold voltages or threshold voltage ranges.

[0003] NAND flash memory structures typically arrange multiple floating-gate
transistors in series with and between two select gates. The floating-gate transistors in series
and the select gates may be referred to as a NAND string. In recent years, NAND flash
memory has been scaled in order to reduce cost per bit. However, as process geometries
shrink, many design and process challenges are presented. These challenges include
increased variability in transistor characteristics over process, voltage, and temperature
variations and increased floating-gate to floating-gate coupling between adjacent floating-

gate transistors.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 depicts one embodiment of a NAND string.

[0005] Figure 2 depicts one embodiment of the NAND string of Figure 1 using a

corresponding circuit diagram.

[0006] Figure 3A depicts one embodiment of a memory block including a plurality of
NAND strings.

[0007] Figure 3B depicts one embodiment of possible threshold voltage distributions

for a three-bit-per-cell memory cell.

[0008] Figure 3C depicts one embodiment of a NAND string during a programming

operation.
[0009] Figure 3D depicts one embodiment of a NAND string during an erase operation.

[0010] Figure 4A depicts one embodiment of a vertical NAND structure.

[0011] Figure 4B depicts one embodiment of a cross-sectional view taken along line X-
X of Figure 4A.

[0012] Figure 5 depicts one embodiment of a non-volatile storage system.

[0013] Figure 6 depicts one embodiment of a sense block.

[0014] Figure 7A depicts one embodiment of a set of threshold voltage distributions for

a four-state memory device in which each storage element stores two bits of data.

[0015] Figure 7B depicts one embodiment of a first pass of a two-pass programming
technique.
[0016] Figure 7C depicts one embodiment of a second pass of the two-pass

programming technique.

[0017] Figure 7D depicts one embodiment of a first pass of another two-pass

programming technique.
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[0018] Figure 7E depicts one embodiment of a second pass of the two-pass
programming technique.
[0019] Figure 7F depicts one embodiment of a series of program and verify pulses

which are applied to a selected word line during a programming operation.

[0020] Figure 8 is a flowchart describing one embodiment of a process for performing a

data refresh operation.

[0021] Figure 9A is a flowchart describing one embodiment of a process for performing

a programming operation.

[0022] Figure 9B is a flowchart describing an alternative embodiment of a process for

performing a programming operation.

DETAILED DESCRIPTION

[0023] Technology is described for performing partial block erase operations on a
subset of word lines within a memory array prior to performing data refreshing or
programming (e.g., the subset of word lines may comprise less than all of the word lines in
the memory array). The memory array may comprise various memory structures including
planar NAND structures, vertical NAND structures, Bit Cost Scalable (BiCS) NAND
structures, 3D NAND structures, or 3D ReRAM structures. In some cases, data stored in
memory cells connected to a word line with a fail bit count above an error threshold (e.g.,
more than two bit errors per page or more than three bit errors per word line) may be
refreshed by performing a read operation on the memory cells, generating corrected data for
the memory cells (e.g., by generating the corrected data using ECC information associated
with the data stored in the memory cells), performing a partial block erase operation on one
or more word lines including the word line, and then writing the corrected data into the
memory cells. In one example, the one or more word lines may include the word line with the
fail bit count above the error threshold and an adjacent word line that is adjacent to the word
line (e.g., a drain-side word line or a source-side word line arranged next to the word line). In
this case, data stored within memory cells connected to the word line and the adjacent word
line may be refreshed even if the word line corresponds with a fail bit count above the error
threshold and the adjacent word line does not correspond with a fail bit count above the error

threshold.
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[0024] In some embodiments, the data stored in memory cells corresponding with a
word line with a bit-error-rate (BER) or a fail bit count (FBC) above an error threshold may
be refreshed to compensate for the effects of read disturb and/or program disturb on the data
integrity of the data stored in the memory cells. In one example, during a read operation, as a
page of data is being read from memory cells within a memory array, the page of data may be
buffered and a number of bit errors or a fail bit count may be determined for the page of data
(e.g., two bit errors out of a 1KB or 2KB page size) based on ECC information associated
with the page of data. The number of bit errors that may be tolerated before performing a data
refresh may depend on the number of bits that can be corrected using the ECC information. If
the number of bit errors or the fail bit count is greater than a threshold number, then a data
refresh may be triggered causing corrected data to be generated using the ECC information
and written to the memory cells. In some cases, a word line connected to the memory cells
and/or one or more other word lines within the memory array may be erased using partial
block erase operations and reprogrammed. The number of word lines that are erased and
reprogrammed may be determined based on a number of program/erase cycles for the word
line triggering the data refresh or based on a number of program/erase cycles for a set of one
or more word lines within a memory array or a memory block (e.g., a set of 10 word lines

within a memory block).

[0025] In some cases, if the word line triggering a data refresh has been erased at most
a refreshing threshold number of times (e.g., at most five times), then only the word line
triggering the data refresh may be reprogrammed; however, if the word line triggering the
data refresh has been erased more than the refreshing threshold number of times, then both
the word line triggering the data refresh and an adjacent word line (e.g., a drain-side word
line) to the word line may be erased and reprogrammed. In some cases, if the word line
triggering the data refresh has been erased more than the refreshing threshold number of
times, then the word line triggering the data refresh and one or more other word lines (e.g.,
three drain-side word lines) may be erased and reprogrammed. The refreshing threshold may
be set or adjusted over time based on a temperature associated with a memory block, the
number of program/erase cycles for the word line triggering the data refresh, the number of
program/erase cycles for the memory block, the number of previous data refreshes that have
occurred to the word line triggering the data refresh, or the number of data refreshes that have
occurred to the memory block. In one example, the refreshing threshold may be set to a first

value if the number of partial block erases for a memory block is at most a first number of
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cycles (e.g., the memory block has had at most ten partial block erases) and set to a second
value greater than the first value if the number of partial block erases for the memory block is
greater than the first number of cycles. A partial block erase operation may comprise an erase
operation in which less than all of the word lines within a memory block are erased during
the erase operation. In one example, a partial block erase operation may cause memory cells
connected to four word lines out of 48 total word lines within a memory block to be erased. A
partial block erase operation may comprise an erase operation in which less than all of the

memory cells within a memory block are erased during the erase operation.

[0026] A partial block erase operation may be performed by biasing one or more word
lines within a memory block to be erased with OV or a negative voltage, biasing one or more
other word lines within the memory block that are not to be erased with a high voltage (e.g.,
15V or another voltage greater than the voltage applied to the one or more word lines to be
erased) or floating the one or more other word lines, and biasing a well (e.g., a p-well) of the
memory block to an erase voltage (e.g., 15V or 20V). In one example, the one or more word
lines within the memory block to be erased may be pulsed with one or more erase pulses
(e.g., pulsing from 15V to 0V) during the partial block erase operation. In one example, a
partial block erase operation may cause memory cells connected to only one word line within
a memory block to be erased. In another example, a partial block erase operation may cause
memory cells connected to a set of word lines less than all of the word lines within a memory

block to be erased.

[0027] In some embodiments, prior to performing a programming operation, such as an
open-block programming operation on memory cells connected to unprogrammed word lines
within an open block (i.e., a memory block that includes unprogrammed word lines that have
not yet been programmed since a last erase operation on the unprogrammed word lines), a
partial block erase operation may be performed on the memory cells connected to the
unprogrammed word lines. The partial block erase operation may be part of a process for
tightening the erase distributions of the memory cells connected to the unprogrammed word
lines. By performing the partial block erase operation on the memory cells connected to the
unprogrammed word lines, the number of erase state to A-state failures on the unprogrammed
word lines during the programming operation may be reduced. Furthermore, the read cycle
limit may be reduced or reset for the unprogrammed word lines after the partial block erase

operation has been performed and before an open-block is closed (i.e., after every word line
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in the memory block has been programmed). After the memory cells connected to the
unprogrammed word lines have been erased, the memory cells may be programmed with new
data during a programming operation without requiring the new data to be copied to another

memory block.

[0028] In some cases, prior to performing a programming operation on memory cells
connected to unprogrammed word lines within a memory block, the unprogrammed word
lines may be read to determine a number of fail bits for the memory cells or a number of
memory cells that correspond with threshold voltages outside of the target threshold voltage
distribution for erased memory cells. If the number of fail bits or the number of memory cells
with threshold voltages outside of the target threshold voltage distribution for erased memory
cells is above a threshold number (e.g., more than three memory cells), then a partial block
erase operation may be performed on the memory cells connected to the unprogrammed word
lines prior to performing the programming operation on the memory cells. The shifting in
threshold voltages for the memory cells connected to the unprogrammed word lines may be
caused by programming operations and/or read operations occurring to source-side word
lines. Erasing the memory cells connected to the unprogrammed word lines prior to
performing a programming operation may allow a maximum read cycle count to be reduced
or reset for the unprogrammed word lines. In one example, a partial block erase operation
may be performed on the unprogrammed word lines if a particular number of reads have
occurred to the memory block including the unprogrammed word lines, if a particular number
of reads have occurred to a portion of the memory block (e.g., have occurred to a particular
word line within the memory block), or prior to programming the unprogrammed word lines
within the memory block if a number of fail bits for the unprogrammed word lines exceeds a
fail bit threshold. The fail bit threshold may be set or adjusted over time based on a
temperature associated with the memory block, the number of program/erase cycles for the

memory block, or the number of data refreshes that have occurred to the memory block.

[0029] One issue affecting NAND flash memory is that program disturb and read
disturb have become worse due to scaling, especially after a number of program/erase cycles
have occurred. One benefit of performing partial block erase operations on a subset of word
lines within a memory array prior to performing data refreshing (e.g., after data has already

been stored within memory cells) or prior to programming (e.g., before data has been stored
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within memory cells) is that the data integrity of the data stored within memory cells of the

memory array may be improved.

[0030] In one embodiment, a non-volatile storage system may include one or more two-
dimensional arrays of non-volatile memory cells. The memory cells within a two-dimensional
memory array may form a single layer of memory cells and may be selected via control lines
(e.g., word lines and bit lines) in the X and Y directions. In another embodiment, a non-
volatile storage system may include one or more monolithic three-dimensional memory
arrays in which two or more layers of memory cells may be formed above a single substrate
without any intervening substrates. In some cases, a three-dimensional memory array may
include one or more vertical columns of memory cells located above and orthogonal to a
substrate or substantially orthogonal to the substrate (e.g., within 2-5 degrees of a normal
vector that is orthogonal to the substrate). In one example, a non-volatile storage system may
include a memory array with vertical bit lines or bit lines that are arranged orthogonal to a
semiconductor substrate. The substrate may comprise a silicon substrate. The memory array
may include rewriteable non-volatile memory cells, wherein each memory cell includes a
reversible resistance-switching element without an isolation element in series with the
reversible resistance-switching element (e.g., no diode in series with the reversible resistance-

switching element).

[0031] In some embodiments, a non-volatile storage system may include a non-volatile
memory that is monolithically formed in one or more physical levels of arrays of memory
cells having an active area disposed above a silicon substrate. The non-volatile storage
system may also include circuitry associated with the operation of the memory cells (e.g.,
decoders, state machines, page registers, or control circuitry for controlling the reading or
programming of the memory cells). The circuitry associated with the operation of the

memory cells may be located above the substrate or located within the substrate.

[0032] In some embodiments, a non-volatile storage system may include a monolithic
three-dimensional memory array. The monolithic three-dimensional memory array may
include one or more levels of memory cells. Each memory cell within a first level of the one
or more levels of memory cells may include an active area that is located above a substrate
(e.g., above a single-crystal substrate or a crystalline silicon substrate). In one example, the

active area may include a semiconductor junction (e.g., a P-N junction). The active area may
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include a portion of a source or drain region of a transistor. In another example, the active

arca may include a channel region of a transistor.

[0033] Figure 1 depicts one embodiment of a NAND string 90. Figure 2 depicts one
embodiment of the NAND string of Figure 1 using a corresponding circuit diagram. As
depicted, NAND string 90 includes four transistors, 100, 102, 104, and 106, in series between
a first select gate 120 (i.e., a drain-side select gate) and a second select gate 122 (i.e., a
source-side select gate). Select gate 120 connects the NAND string 90 to a bit line 126. Select
gate 122 connects the NAND string 90 to a source line 128. Select gate 120 is controlled by
applying the appropriate voltage to control gate 120CG (i.e., via select line SGD of Figure 2).
Select gate 122 is controlled by applying the appropriate voltage to control gate 122CG (i.e.,
via select line SGS of Figure 2). Each of the transistors 100, 102, 104, and 106 includes a
control gate and a floating gate. For example, transistor 100 includes control gate 100CG and
floating gate 100FG, transistor 102 includes control gate 102CG and floating gate 102FG,
transistor 104 includes control gate 104CG and floating gate 104FG, and transistor 106
includes control gate 106CG and floating gate 106FG. Control gates 100CG, 102CG, 104CG,
and 106CG are connected to word lines WL3, WL2, WL1, and WLO, respectively.

[0034] Note that although Figures 1 and 2 show four floating-gate transistors in the
NAND string, the use of four floating-gate transistors is only provided as an example. A
NAND string may have less than or more than four floating-gate transistors (or memory
cells). For example, some NAND strings may include 16 memory cells, 32 memory cells, 64
memory cells, 128 memory cells, etc. The discussion herein is not limited to any particular
number of memory cells in a NAND string. One embodiment uses NAND strings with 66
memory cells, where 64 memory cells are used to store data and two of the memory cells are

referred to as dummy memory cells because they do not store data.

[0035] A typical architecture for a flash memory system using a NAND flash memory
structure includes a plurality of NAND strings within a memory block. A memory block may
comprise a unit of erase. In some cases, the NAND strings within a memory block may share
a common well (e.g., a P-well). Each NAND string may be connected to a common source
line by its source-side select gate (e.g., controlled by select line SGS) and connected to its
associated bit line by its drain-side select gate (e.g., controlled by select line SGD). Typically,
cach bit line runs on top of (or over) its associated NAND string in a direction perpendicular

to the word lines and is connected to a sense amplifier.
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[0036] In some embodiments, during a programming operation, storage clements that
arec not to be programmed (e.g., storage clements that have previously completed
programming to a target data state) may be inhibited or locked out from programming by
boosting associated channel regions (e.g., self-boosting the channel regions via word line
coupling). An unselected storage element (or unselected NAND string) may be referred to as
an inhibited or locked out storage element (or inhibited NAND string) as it is inhibited or
locked out from programming during a given programming iteration of a programming

operation.

[0037] Although technology using NAND-type flash memory is described herein, the
technology disclosed herein may also be applied to other types of non-volatile storage
devices and architectures (e.g., NOR-type flash memory). Moreover, although technology
using floating-gate transistors is described herein, the technology described herein may also
be applied to or used with other memory technologies including those that employ charge

trapping, phase-change (e.g., chalcogenide materials), or state-change materials.

[0038] Figure 3A depicts one embodiment of a memory block including a plurality of
NAND strings. As depicted, each NAND string includes (Y + 1) memory cells. Each NAND
string is connected to one bit line out of (X + 1) bit lines on the drain side (i.e., one bit line of
bit lines BLO-BLX) via a drain-side select gate controlled by the drain-side selection signal
SGD. Each NAND string is connected to a source line (source) via a source-side select gate
controlled by source-side selection signal SGS. In one embodiment, the source-side select
gate controlled by source-side selection signal SGS and the drain-side select gate controlled
by the drain-side selection signal SGD may comprise transistors without floating gates or
transistors that include a floating gate structure. In some embodiments, the transistors within

a NAND string may comprise transistors with a charge trapping layer.

[0039] In some embodiments, in order to save space on a semiconductor die, two
adjacent NAND strings (or other grouping in memory cells) may share a common bit line
(i.e., a shared-bit-line memory architecture). In some cases, more than two NAND strings
may share a common bit line. In one example, the signal SGD may be replaced by two drain-
side selection signals SGD1 and SGD2. Each NAND string of the pair would then have two
drain-side select gates, each connected to a different drain-side selection signal of the two
drain side selection signals SGD1 and SGD2. One of the two drain-side select gates for each

NAND string may be a depletion mode transistor with its threshold voltage lower than 0
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volts. One potential problem with using two select gates on the drain side of each NAND
string is that two drain-side select gates (as compared to one drain-side select transistor) may
require more die area, an increase in the number of fabrication layers, or an increase in the
height of a memory device. Therefore, from an integrated circuit area standpoint, it may be
beneficial to only use one drain-side selection gate for each NAND string and then connect

cach NAND string of the pair with only one of the two drain-side selection signals.

[0040] In one embodiment, during a programming operation, when programming a
memory cell, such as a NAND flash memory cell, a program voltage may be applied to the
control gate of the memory cell and the corresponding bit line may be grounded. These
programming bias conditions may cause electrons to be injected into the floating gate (or into
a charge storage layer, such as a silicon nitride charge trapping layer) via field-assisted
electron tunneling, thereby raising the threshold voltage of the memory cell. The program
voltage applied to the control gate during a program operation may be applied as a series of
pulses. In some cases, the magnitude of the programming pulses may be increased with each
successive pulse by a predetermined step size. Between programming pulses, one or more
verify operations may be performed. During the programming operation, memory cells that
have reached their intended programming states may be locked out and inhibited from

programming by boosting the channel regions of the program inhibited memory cells.

[0041] In one embodiment, memory cells may be erased 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 of memory cells while the source and bit lines are floating. In the case of a
vertical memory device (e.g., BiCS or other type of 3D NAND), the vertical channel in the
memory string may be electrically connected to the substrate (e.g., via a p-well in the
substrate) at the bottom of the memory hole (e.g., located below the SGS transistor). These
erase bias conditions may cause electrons to be transferred from the floating gate through the
tunneling oxide, thereby lowering the threshold voltage of the memory cells within the
selected block. In some cases, an erase operation may be performed on an entire memory

plane, on individual blocks within a memory plane, or another unit of memory cells.

[0042] In some embodiments, during verify operations and/or read operations, a
selected word line may be connected (or biased) to a voltage, a level of which is specified for
cach read and verify operation in order to determine whether a threshold voltage of a

particular memory cell has reached such level. After applying the word line voltage, the



WO 2016/089474 . PCT/US2015/054459
conduction current of the memory cell may be measured (or sensed) to determine whether the
memory cell conducted a sufficient amount of current in response to the voltage applied to
the word line. If the conduction 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.

[0043] There are many ways to measure the conduction current of a memory cell during
a read or verify operation. In one example, the conduction current of a memory cell may be
measured by the rate it discharges or charges a dedicated capacitor in a 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 a voltage on the corresponding
bit line. The voltage of the bit line (or the voltage across a dedicated capacitor in a sense
amplifier) may be measured after a period of time to determine whether the bit line has been

discharged by a particular amount or not.

[0044] Figure 3B depicts one embodiment of possible threshold voltage distributions
(or data states) for a three-bit-per-cell memory cell (i.c., the memory cell may store three bits
of data). Other embodiments, however, may use more than or less than three bits of data per
memory cell (e.g., such as four or more bits of data per memory cell). At the end of a
successful programming process (with verification), the threshold voltages of memory cells
within a memory page or memory block should be within one or more threshold voltage
distributions for programmed memory cells or within a distribution of threshold voltages for

erased memory cells, as appropriate.

[0045] As depicted, cach memory cell may store three bits of data; therefore, there are
cight valid data states S0-S7. In one embodiment, data state SO is below 0 volts and data
states S1-S7 are above 0 volts. In other embodiments, all eight data states are above 0 volts,
or other arrangements can be implemented. In one embodiment, the threshold voltage

distribution SO is wider than distributions S1-S7.

[0046] Each data state SO-S7 corresponds to a unique value for the three bits stored in
the memory cell. In one embodiment, S0=111, S1=110, S2=101, S3=100, S4=011, S5=010,
S6=001 and S7=000. Other mappings of data to states SO-S7 can also be used. In one
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embodiment, all of the bits of data stored in a memory cell are stored in the same logical
page. In other embodiments, each bit of data stored in a memory cell corresponds to different
pages. Thus, a memory cell storing three bits of data would include data in a first page, a
second page, and a third page. In some embodiments, all of the memory cells connected to
the same word line would store data in the same three pages of data. In some embodiments,
the memory cells connected to a word line can be grouped into different sets of pages (e.g.,

by odd and even bit lines).

[0047] In some cases, the memory cells may be erased to state SO. From state SO, the
memory cells may be programmed to any of states SI-S7. Programming may be performed
by applying a set of pulses with rising magnitudes to the control gates of the memory cells.
Between pulses, a set of verify operations may be performed to determine whether the
memory cells being programmed have reached their target threshold voltage (e.g., using
verify levels Vv, Vv2, Vv3, Vv4, Vv5, Vv6, and Vv7). Memory cells being programmed to
state S1 will be tested to see if their threshold voltage has reached Vv1. Memory cells being
programmed to state S2 will be tested to see if their threshold voltage has reached Vv2.
Memory cells being programmed to state S3 will be tested to see if their threshold voltage has
reached Vv3. Memory cells being programmed to state S4 will be tested to see if their
threshold voltage has reached Vv4. Memory cells being programmed to state S5 will be
tested to see if their threshold voltage has reached Vv5. Memory cells being programmed to
state S6 will be tested to see if their threshold voltage has reached Vv6. Memory cells being
programmed to state S7 will be tested to see if their threshold voltage has reached Vv7.

[0048] When reading memory cells that store three bits of data, multiple reads will be
performed at read compare points Vrl, Vr2, Vr3, Vr4, Vr5, Vr6, and Vr7 to determine which
state the memory cells are in. If a memory cell turns on in response to Vrl, then it is in state
S0. If a memory cell turns on in response to Vr2 but does not turn on in response to Vrl, then
it is in state S1. If a memory cell turns on in response to Vr3 but does not turn on in response
to Vr2, then it is in state S2. If a memory cell turns on in response to Vr4 but does not turn on
in response to Vr3, then it is in state S3. If a memory cell turns on in response to Vr5 but does
not turn on in response to Vr4, then it is in state S4. If a memory cell turns on in response to
Vr6 but does not turn on in response to Vr5, then it is in state S5. If a memory cell turns on in
response to Vr7 but does not turn on in response to Vr6, then it is in state S6. If a memory

cell does not turn on in response to Vr7, then it is in state S7.
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[0049] Figure 3C depicts one embodiment of a NAND string 300 during a
programming operation. When programming a storage element (e.g., the storage element 316
associated with WL5) of the NAND string 300, a programming voltage may be applied to the
selected word line associated with the storage element and a low voltage (e.g., ground) may
be applied to the bit line associated with the storage element. As depicted, the NAND string
300 includes a source-side select gate 306, a drain-side select gate 308, and eight word lines
WLO0-WL7 formed above a p-well 310. Vsgs may be applied to the source-side select gate
306 and Vsgp may be applied to the drain-side select gate 308. The bit line 302 may be
biased to Vsr and the source line 304 may be biased to Vsource. During a programming
operation, a programming voltage, VegMm, may be applied to selected word line WLS5, which is

associated with a selected storage element 316.

[0050] In one example of a boosting mode, when storage clement 316 is the selected
storage element, a relatively low voltage, Viow (e.g., 2-6V) may be applied to a source-side
word line (WL3), while an isolation voltage, Viso (e.g., 0-4V) may be applied to another
source-side word line (WL2), referred to as an isolation word line and a pass voltage, Vrass,
may be applied to the remaining word lines associated with NAND string 300 (in this case
word lines WL0, WL1, WL4, WL6, and WL7). While the absolute values of Viso and Viow
may vary over a relatively large and partly overlapping range, Viso may be less than Viow. In

some cases, Viso may be less than Viow which is less than Vpass which is less than Vegwm.

[0051] Figure 3D depicts one embodiment of a NAND string 300 during an erase
operation. The p-well 310 may be biased to an erase voltage (e.g., 20V) during the erase
operation while selected word lines corresponding with memory cells to be erased are biased
to OV. The erase operation may comprise a partial block erase operation as only the storage
elements connected to word lines WL5-WL6 are being erased, while all other storage
elements connected to word lines WLO-WL4 and WL7 are not being erased. The nodes
corresponding with VarL, Vsource, Vsgs, and Vsgp may also be floated during the erase

operation.

[0052] Figure 4A depicts one embodiment of a vertical NAND structure. The vertical
NAND structure includes a vertical NAND string formed above the substrate 424 and
oriented such that the vertical NAND string is orthogonal to the substrate 424. The vertical
NAND string may be arranged within a vertical memory hole that is etched through

alternating layers of control gate material (e.g., tungsten or polysilicon) and inter-gate
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insulator material (e.g., oxide or silicon oxide). As depicted, the layers of control gate
material include layer 417 and layers 414-416 and the layers of inter-gate insulator material
include layers 418-420. The inter-gate insulator material layer 420 may be arranged above a
source line layer 422 (e.g., doped polysilicon) that may be arranged above a substrate 424
(c.g., a silicon substrate). In some cases, a first word line (WL1) may correspond with control
gate layer 414, a second word line (WLO0) may correspond with control gate layer 415, and a

source-side select gate line (SGS) may correspond with control gate layer 416.

[0053] In one embodiment, within the memory hole a diclectric material 408 (e.g.,
oxide or a stack of dielectric layers, such as layers of Al2O03 and SiO2), a floating gate
material 410 (e.g., polysilicon), a tunneling layer material 412 (e.g., a thin oxide), and a
channel layer material 406 (e.g., undoped polysilicon) may be deposited within the memory
hole and arranged in order to form the vertical NAND string. The tunneling layer material
412 may comprise a portion of a multi-layer dielectric stack such as an ONO dielectric stack,
which includes alternating layers of silicon dioxide (“O”) and silicon nitride (“N”). In some
cases, a core material layer 404 (e.g., oxide) may be formed within the memory hole. In other
cases, the core material layer 404 may be omitted. A bit line contact layer 402 may be formed
at the top of the memory hole and connect to the channel layer material 406. The channel
layer material 406 may connect to the source line layer 422 at the bottom of the memory hole.
Thus, in this case, the bit line contact layer 402 connects to the vertical NAND string at the
top of the memory hole and the source line contact layer 422 connects to the vertical NAND
string at the bottom of the memory hole. In some embodiments, the floating gate material 410
may be replaced with a charge storage material or a charge trapping layer (e.g., silicon

nitride).

[0054] Figure 4B depicts one embodiment of a cross-sectional view taken along line X-
X of Figure 4A. As depicted, the vertical NAND string includes an inner core material layer
404 that is surrounded by the channel layer material 406 that is surrounded by the tunneling
layer material 412 that is surrounded by the floating gate material 410 that is surrounded by
the dielectric material 408 that is surrounded by the control gate material layer 417. In one
embodiment, Figure 4A may depict a cross-sectional view taken along line Y-Y of Figure 4B.
In one embodiment, the vertical NAND string may be formed using a vertical cylindrical
structure or a vertical tapered cylindrical structure. In this case, the dielectric material 408,

floating gate material 410, tunneling layer material 412, and channel layer material 406 of the
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vertical NAND string may comprise vertical annular structures surrounding the core material
layer 404. In another embodiment, the vertical NAND string may be formed using a vertical

pillar structure or a vertical rectangular prism structure.

[0055] Figure 5 depicts one embodiment of a non-volatile storage system 596 including
read/write circuits for reading and programming a page (or other unit) of memory cells (e.g.,
NAND multi-level cells) in parallel. As depicted, non-volatile storage system 596 includes a
memory die 598 and controller 550. Memory die 598 includes a memory array 501 (e.g., a
NAND flash memory array), control circuitry 510, row decoder 530, column decoder 560,
and read/write circuits 565. In one embodiment, access to the memory array 501 by the
various peripheral circuits (e.g., row decoders or column decoders) is implemented in a
symmetric fashion, on opposite sides of the array, so that the densities of access lines and
circuitry on each side are reduced by half. The memory array 501 is addressable by word
lines via a row decoder 530 and by bit lines via a column decoder 560. Word lines and bit
lines are examples of memory array control lines. The read/write circuits 565 include
multiple sense blocks 500 that allow a page of storage elements to be read or programmed in
parallel. In some cases, controller 550 may be integrated on the memory die 598. Commands
and data are transferred between the host and controller 550 via lines 520 and between the

controller 550 and the memory die 598 via lines 518.

[0056] In some cases, the controller 550 may work in conjunction with the control
circuitry 510 to read and/or write data from the memory array 501. In one example, data to be
written into the memory array 501 may be buffered by controller 550 and error correcting
code (ECC) data may be generated corresponding with the data to be written. The ECC data,
which allows data errors that occur during transmission or storage to be detected and/or
corrected, may be written to the memory array 501 or stored in non-volatile memory within
controller 550. In one embodiment, the ECC data may be generated and data errors may be
corrected by circuitry within controller 550. The controller 550 may configure the control
circuitry 510 to perform various memory operations on the memory array 501. In one
example, a host may issue a programming command and in response, controller 550 may
configure the control circuitry to perform a read operation (e.g., to read the sideband or
overhead area located at the end of a page to confirm that the page has not been marked

defective and can be written to) followed by a programming operation.
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[0057] The control circuitry 510 configures the read/write circuits 565 to perform
memory operations on the memory array 501. The control circuitry 510 includes a state
machine 512, an on-chip address decoder 514, buffer 511, and a power control module 516.
The buffer 511 may comprise an SRAM or a page register for storing one or more pages of
data. The state machine 512 provides chip-level control of memory operations. In one
example, state machine 512 may cause various voltages to be applied to control lines (e.g.,
selected word lines and unselected word lines) within the memory array 501 corresponding
with a particular memory operation (e.g., a read or write operation). The state machine 512
may implement control logic for controlling read, write, or erase operations. The on-chip
address decoder 514 provides an address interface between that used by the host or a memory
controller to the hardware address used by the decoders 530 and 560. The power control
module 516 controls the power and voltages supplied to the word lines and bit lines during
memory operations. In one embodiment, a power control module 516 includes one or more
charge pumps that may generate voltages greater than the supply voltage and one or more
voltage regulators for generating various voltages, such as voltages used during

programming, erase, and read operations.

[0058] In some embodiments, one or more of the components (alone or in
combination), other than memory array 501, may be referred to as a managing or control
circuit. For example, one or more managing or control circuits may include any one of or a
combination of control circuitry 510, state machine 512, decoders 530/560, power control
516, sense blocks 500, buffer 511, read/write circuits 565, controller 550, and so forth. The
one or more managing circuits may perform or facilitate one or more memory array

operations including erasing, programming, or reading operations.

[0059] The memory die 598 may include a read circuit, a write circuit, and an erase
circuit. The read circuit, write circuit, and erase circuit may share components or circuitry in
order to implement control logic for performing read, write, or erase operations on the
memory array 501. The read circuit, write circuit, and erase circuit may be part of one or
more managing circuits for facilitating one or more memory array operations including

erasing, programming, or reading operations.

[0060] In one embodiment, memory array 501 may be divided into a large number of
blocks (e.g., blocks 0 — 1023, or another amount) of memory cells. As is common for flash

memory systems, the block may be the unit of erase. That is, cach block may contain the
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minimum number of memory cells that are erased together. Other units of erase can also be
used. A block contains a set of NAND strings which are accessed via bit lines and word lines.

Typically, all of the NAND strings in a block share a common set of word lines.

[0061] Each block may be divided into a particular number of pages. In one
embodiment, a page may be the unit of programming. Other units of programming can also
be used. One or more pages of data are typically stored in one row of memory cells. For
example, one or more pages of data may be stored in memory cells connected to a common
word line. In one embodiment, the set of memory cells that are connected to a common word
line are programmed simultancously. A page can store one or more sectors. A sector may
include user data and overhead data (also called system data). Overhead data typically
includes header information and Error Correction Codes (ECC) that have been calculated
from the user data of the sector. The controller (or other component) calculates the ECC
when data is being programmed into the array, and also checks it when data is being read
from the array. Alternatively, the ECC and/or other overhead data may be stored in different
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 magnetic 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, pages, and sectors can also be used.

[0062] Figure 6 depicts one embodiment of a sense block 500, such as sense block 500
in Figure 5. An individual sense block 500 may be partitioned into a core portion, referred to
as a sense module 580, and a common portion 590. In one embodiment, there is a separate
sense module 580 for each bit line and one common portion 590 for a set of multiple sense
modules 580. In one example, a sense block will include one common portion 590 and eight
sense modules 580. Each of the sense modules in a group will communicate with the

associated common portion via a data bus 572.

[0063] Sense module 580 comprises sense circuitry 570 that determines whether a
conduction current in a connected bit line is above or below a predetermined threshold level.
Sense module 580 also includes a bit line latch 582 that is used to set a voltage condition on
the connected bit line. For example, a predetermined state latched in bit line latch 582 may
result in the connected bit line being pulled to a state designating program inhibit voltage

(e.g., 1.5-3 V).
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[0064] Common portion 590 comprises a processor 592, a set of data latches 594, and
an 1/0 Interface 596 coupled between the set of data latches 594 and data bus 520. Processor
592 performs computations. For example, processor 592 may determine the data stored in the
sensed storage element and store the determined data in the set of data latches. The set of data
latches 594 may be used to store data bits determined by processor 592 during a read
operation or to store data bits imported from the data bus 520 during a program operation.
The imported data bits represent write data meant to be programmed into a memory array,
such as memory array 501 in Figure 5. I/O interface 596 provides an interface between data

latches 594 and the data bus 520.

[0065] During a read operation or other storage element sensing operation, a state
machine, such as state machine 512 in Figure 5, controls the supply of different control gate
voltages to the addressed storage elements. As it steps through the various predefined control
gate voltages corresponding to the various memory states supported by the memory, the sense
module 580 may trip at one of these voltages and an output will be provided from sense
module 580 to processor 592 via bus 572. At that point, processor 592 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 593.
It then computes a binary encoding for the memory state and stores the resultant data bits into
data latches 594. In another embodiment of the core portion, bit line latch 582 serves both as
a latch for latching the output of the sense module 580 and as a bit line latch as described

above.

[0066] During a programming operation, the data to be programmed is stored in the set
of data latches 594. The programming operation, under the control of the state machine 512,
comprises a series of programming voltage pulses applied to the control gates of the
addressed storage eclements. Each program pulse is followed by a read back (or verify
process) to determine if the storage element has been programmed to the desired memory
state. Processor 592 monitors the read back memory state relative to the desired memory
state. When the two are in agreement, the processor 592 sets the bit line latch 582 so as to
cause the bit line to be pulled to a state designating program inhibit voltage. This inhibits the
storage eclement coupled to the bit line from further programming even if program pulses
appear on its control gate. In other embodiments, the processor initially loads the bit line

latch 582 and the sense circuitry sets it to an inhibit value during the verify process.
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[0067] Data latch stack 594 contains a stack of data latches corresponding to the sense
module. In one embodiment, there are three data latches per sense module 580. The data
latches can be implemented as a shift register so that the parallel data stored therein is
converted to serial data for data bus 520, and vice-versa. All the data latches corresponding to
a read/write block 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 may be
configured such 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.

[0068] Figure 7A depicts one embodiment of a set of threshold voltage distributions for
a four-state memory device in which each storage element stores two bits of data. A first
threshold voltage (Vth) distribution 700 is provided for erased (E-state) storage elements.
Three Vth distributions 702, 704 and 706 represent programmed states A, B and C,
respectively. In one embodiment, the threshold voltages in the E-state and the threshold
voltages in the A, B and C distributions are positive. In another embodiment, the threshold
voltage distribution for the E-state is negative, while the threshold voltage distributions for

the A-state, B-state and C-state distributions are positive.

[0069] Three read reference voltages, Vra, Vrb and Vrc, are also provided for reading
data from storage elements. By testing whether the threshold voltage of a given storage
element is above or below Vra, Vrb and Vrc, the system can determine the state, e.g.,

programming condition, the storage element is in.

[0070] Further, three verify reference voltages, Vva, Vvb and Vve, are provided. When
programming storage elements to the A-state, B-state or C-state, the system will test whether
those storage elements have a threshold voltage greater than or equal to Vva, Vvb or Vve,

respectively.

[0071] In one embodiment, known as full sequence programming, storage elements can
be programmed from the E-state directly to any of the programmed states A, B or C. For
example, a population of storage elements to be programmed may first be erased so that all
storage elements in the population are in the E-state. A series of program pulses, such as
depicted in Figure 7F, may then be used to program storage elements directly into states A, B

or C. While some storage eclements are being programmed from the E-state to the A-state,
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other storage elements are being programmed from the E-state to the B-state and/or from the

E-state to the C-state.

[0072] Another option is to use low and high verify levels for one or more data states.
For example, Vval. and Vva are lower and higher verify levels, respectively, for the A-state,
VvbL and Vvb are lower and higher verify levels, respectively, for the B-state, and VvcL and
Vvc are lower and higher verify levels, respectively, for the C-state. In some cases, VvcL is
not used since reduced programming precision may be acceptable for the highest state.
During programming, when the Vth of a storage element which is being programmed to the
A-state as a target state exceeds Vval, the programming speed of the storage element is
slowed down, in a slow programming mode, such as by raising the associated bit line voltage
to a level, e.g., 0.6-0.8 V, which is between a nominal program or non-inhibit level, e.g., 0 V
and a full inhibit level, e.g., 4-6 V. This provides greater accuracy by avoiding large step
increases in threshold voltage. When the Vth reaches Vva, the storage element is locked out
from further programming. Similarly, when the Vth of a storage eclement which is being
programmed to the B-state as a target state exceeds VvbL, the programming speed of the
storage clement is slowed down, and when the Vth reaches Vvb, the storage element is
locked out from further programming. Optionally, when the Vth of a storage element which
is being programmed to the C-state as a target state exceeds VvcL, the programming speed of
the storage element is slowed down, and when the Vth reaches Vvc, the storage element is
locked out from further programming. This programming technique has been referred to as a
quick pass write or dual verify technique. Note that, in one approach, dual verify levels are
not used for the highest state since some overshoot is typically acceptable for that state.
Instead, the dual verify levels can be used for the programmed states, above the erased state,

and below the highest state.

[0073] Figure 7B depicts one embodiment of a first pass of a two-pass programming
technique. In this example, a multi-state storage element stores data for two different pages: a
lower page and an upper page. Four states are depicted by repeating the threshold voltage
distributions 700, 702, 704 and 706 from Figure 7A. These states, and the bits they represent,
are: E-state (11), A-state (01), B-state (00) and C-state (10). For E-state, both pages store a
“1.” For A-state, the lower page stores a “1” and the upper page stores a “0.” For B-state,

both pages store “0.” For C-state, the lower page stores “0” and the upper page stores “1.”



WO 2016/089474 PCT/US2015/054459
21-
Note that although specific bit patterns have been assigned to each of the states, different bit

patterns may also be assigned.

[0074] In the first programming pass, the lower page is programmed for a selected
word line WLn. If the lower page is to remain data 1, then the storage element state remains
at state E (distribution 700). If the data is to be programmed to 0, then the threshold voltage
of the storage elements on WLn are raised such that the storage element is programmed to an

intermediate (LM or lower-middle) state (distribution 705).

[0075] In one embodiment, after a storage element is programmed from the E-state to
the LM-state, its neighbor storage element on an adjacent word line WLn+1 in the NAND
string will then be programmed with respect to its lower page in a respective first

programming pass of the adjacent word line.

[0076] Figure 7C depicts one embodiment of a second pass of the two-pass
programming technique referred to in Figure 7B. The A-state storage elements are
programmed from the E-state distribution 700 to the A-state distribution 702, the B-state
storage elements are programmed from the LM-state distribution 705 to the B-state
distribution 704, and the C-state storage elements are programmed from the LM-state

distribution 705 to the C-state distribution 706.

[0077] Figure 7D depicts one embodiment of a first pass of another two-pass
programming technique. In this example, referred to as foggy-fine (or course-fine)
programming, the A-state, B-state and C-state storage elements are programmed from the E-
state to distributions 712, 714 and 716, respectively, using lower verify levels Vval, VvbL
and VvcL, respectively. This is the foggy (or course) programming pass. A relatively large
program voltage step size may be used, for instance, to quickly program the storage elements

to the respective lower verify levels.

[0078] Figure 7E depicts one embodiment of a second pass of the two-pass
programming technique referred to in Figure 7D. The A-state, B-state and C-state storage
clements are programmed from the respective lower distributions to respective final
distributions 702, 704 and 706, respectively, using the nominal, higher verify levels Vva, Vvb

and Vvc, respectively. This is the fine programming pass. A relatively small program voltage
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step size may be used, for instance, to slowly program the storage elements to the respective

final verify levels while avoiding a large overshoot.

[0079] Although the programming examples depict four data states and two pages of
data, the concepts described herein may be applied to other implementations with more or
fewer than four states and more or fewer than two pages. For example, memory devices may
utilize eight or sixteen states per storage element. Moreover, in the example programming
techniques discussed herein, the Vth of a storage clement may be raised gradually as it is
programmed to a target data state. However, programming techniques may be used in which
the Vth of a storage element may be lowered gradually as it is programmed to a target data
state. Programming techniques which measure storage element current may be used as well.

The concepts described herein may be adapted to the different programming techniques.

[0080] Figure 7F depicts one embodiment of a series of program and verify pulses
which are applied to a selected word line during a programming operation. A programming
operation may include multiple program-verify iterations, in which each iteration applies one
or more programming voltages followed by one or more verify voltages to the selected word
line. In one embodiment, the programming voltages applied in a previous iteration may be
stepped up in successive iterations. Moreover, the one or more programming voltages applied
during a programming iteration may include a first portion which has a pass voltage (Vpass)
level, e.g., 6-8 V, followed by a second, highest amplitude portion at a program level, ¢.g.,
12-25 V. For example, a first, second, third and fourth program pulses 790, 792, 794 and 796
have program levels of Vpgml, Vpgm2, Vpgm3 and Vpgm4, respectively. One or more
verify voltages 798, such as verify voltages Vva, Vvb and Vvc, may be provided after each
program pulse. In some cases, one or more initial program pulses are not followed by verify
pulses because it is not expected that any storage elements have reached the lowest program
state (e.g., A-state). Subsequently, in some cases, program iterations may use verify pulses
for the A-state, followed by program iterations which use verify pulses for the A-states and

B-states, followed by program iterations which use verify pulses for the B-states and C-states.

[0081] Figure 8 is a flowchart describing one embodiment of a process for performing a
data refresh operation. In one embodiment, the process of Figure 8 may be performed by a

non-volatile storage system, such as non-volatile storage system 596 in Figure 5.
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[0082] In step 802, data from a set of memory cells connected to a word line within a
memory block is determined (e.g., the data may be read from the set of memory cells). The
memory block may include a NAND flash memory structure, such as a vertical NAND
structure or a bit cost scalable (BiCS) NAND structure. The data may correspond with a page
of data (e.g., 1IKB or 2KB of data). In step 804, a fail bit count for the data is determined. The
fail bit count may correspond with a number of bit errors that have been detected within the
data. In one example, an ECC code or ECC information associated with the data may be used

to determine the fail bit count or the number of bit errors that have occurred within the data.

[0083] In step 806, an error threshold is determined. The error threshold may be used
for determining when a data refresh operation should be triggered. In one embodiment, the
error threshold may be determined based on a temperature associated with a memory block,
the number of program/erase cycles for the word line triggering the data refresh, the number
of program/erase cycles for the memory block, the number of previous data refreshes that
have occurred to the word line triggering the data refresh, and/or the number of data refreshes
that have occurred to the memory block. The temperature associated with the memory block
may be acquired via an on-chip temperature sensor. The number of program/erase cycles for
the memory block may comprise the sum of all partial block erase operations that have been
performed on the memory block. The number of data refreshes that have occurred to the
memory block may comprise the sum of all data refreshes that have been performed on word

lines within the memory block.

[0084] In some cases, the error threshold may be set to be less than or equal to a
correctable number of bit errors. In one example, ECC information may be used to correct
three bit errors within a page of data and the error threshold may be set to two bit errors. In
one example, ECC information may be used to correct three bit errors within a page of data

and the error threshold may be set to three bit errors.

[0085] In one embodiment, if the temperature associated with a memory block is above
a temperature threshold (e.g., above 55 degrees Celsius), then the error threshold may be
decreased from a first value (e.g., three errors per page) to a second value less than the first
value (e.g., two errors per page). In another embodiment, if the number of program/erase
cycles for the word line is above a program/erase threshold (e.g., more than five
program/erase cycles have been performed on the word line), then the error threshold may be

decreased from a first value (e.g., three errors per page) to a second value less than the first
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value (e.g., one error per page). In another embodiment, if the number of previous data
refreshes for the word line is above a refresh threshold (e.g., more than ten data refreshes
have been performed on the word line), then the error threshold may be decreased from a first
value (e.g., three errors per word line) to a second value less than the first value (e.g., two

errors per word line).

[0086] In step 808, it is detected that the fail bit count is greater than the error
threshold. In step 810, one or more word lines within the memory block are identified in
response to detecting that the fail bit count is greater than the error threshold. The one or
more word lines may include the word line triggering the data refresh. The one or more word
lines may be determined based on a number of program/erase cycles for the word line
triggering the data refresh or based on a number of program/erase cycles for the one or more
word lines. In one example, if the word line triggering the data refresh has been programmed
and erased more than a threshold number of times (e.g., more than five times), then the one or
more word lines may comprise the word line triggering the data refresh and one or more

adjacent word lines arranged next to the word line (e.g., an adjacent drain-side word line).

[0087] In step 812, corrected data to be programmed into memory cells connected to
the one or more word lines is generated. The corrected data may be generated using ECC
information associated with the data read from the set of memory cells. The ECC information
may be used to identify and correct one or more bit errors within the data read from the set of
memory cells. In step 814, a partial block erase operation is performed on the memory cells
connected to the one or more word lines. The one or more word lines may comprise less than
all of the word lines in the memory block. In one example, the one or more word lines may
comprise the word line and an adjacent word line adjacent to the word line (e.g., a source-
side word line or a drain-side word line). In step 816, the corrected data is programmed into

the memory cells connected to the one or more word lines.

[0088] Figure 9A is a flowchart describing one embodiment of a process for performing
a programming operation. In one embodiment, the process of Figure 9A may be performed

by a non-volatile storage system, such as non-volatile storage system 596 in Figure 5.

[0089] In step 902, a programming operation to be performed on a set of memory cells
connected to a word line within a memory block is identified. The programming operation

may be identified via a memory operation command issued by a controller of a non-volatile
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storage system (e.g., a programming command or a read command). In some cases, the
programming operation to be performed on the set of memory cells may be part of one or

more memory operations associated with the memory operation command.

[0090] In step 904, data from the set of memory cells is sensed prior to performing the
programming operation. The data from the set of memory cells may be used to determine a
number of the set of memory cells that have threshold voltages outside of a target threshold
voltage distribution for erased memory cells or outside of a threshold voltage range for erased
memory cells. The data from the set of memory cells may be sensed prior to the set of
memory cells being programmed from an erased state (e.g., none of the set of memory cells
have been programmed since a previous erase operation). In step 906, a fail bit count for the
data is determined. The fail bit count may correspond with a number of memory cells with
threshold voltages outside of a threshold voltage range for erased memory cells. In one
example, the fail bit count may correspond with the total number of memory cells out of the
entire set of memory cells that have a threshold voltage greater than a particular voltage, such

as OV or 200mV.

[0091] In step 908, an error threshold is determined. The error threshold may be used
for determining when a partial block erase operation should be triggered and/or a retightening
of an erase distribution should be performed. In one embodiment, the error threshold may be
determined based on a temperature associated with a memory block, the number of
program/erase cycles for the word line, and/or the number of program/erase cycles for the
memory block as a whole. The temperature associated with the memory block may be
acquired via an on-chip temperature sensor. The number of program/erase cycles for the
memory block may comprise the sum of all partial block erase operations that have been

performed on the memory block.

[0092] In one embodiment, if the temperature associated with a memory block is above
a temperature threshold (e.g., above 85 degrees Celsius), then the error threshold may be
decreased from a first value (e.g., three errors per word line) to a second value less than the
first value (e.g., two errors per word line). In another embodiment, if the number of
program/erase cycles for the word line is above a program/erase threshold (e.g., more than
ten program/erase cycles have been performed on the word line), then the error threshold may
be decreased from a first value (e.g., four errors per word line) to a second value less than the

first value (e.g., one error per word line).
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[0093] In step 910, it is detected that the fail bit count is greater than the error
threshold. In step 912, one or more word lines within the memory block are identified in
response to detecting that the fail bit count is greater than the error threshold. The one or
more word lines may include the word line triggering the partial block erase operation. The
one or more word lines may be determined based on a number of program/erase cycles for
the word line or based on a number of program/erase cycles for the one or more word lines.
In one example, if the word line triggering the partial block erase operation has been
programmed and erased more than a threshold number of times (e.g., more than five times),
then the one or more word lines may comprise the word line and one or more adjacent word
lines arranged next to the word line. In another example, if the word line triggering the partial
block erase operation has been programmed and erased more than a threshold number of
times (e.g., more than ten times), then the one or more word lines may comprise the word line
and all drain-side word lines arranged between the word line and the control signal for the
drain-side select gate (e.g., SGD). In step 914, a partial block erase operation is performed on
memory cells connected to the one or more word lines. The one or more word lines may
comprise less than all of the word lines within the memory block. In this case, the memory
cells connected to the one or more word lines may be erased while other data stored in other
memory cells connected to other word lines within the memory block are not erased. In step
916, the programming operation on the set of memory cells connected to the word line is
performed subsequent to the partial block erase operation being performed in step 914. The

programming operation may comprise writing data into the set of memory cells.

[0094] Figure 9B is a flowchart describing an alternative embodiment of a process for
performing a programming operation. In one embodiment, the process of Figure 9B may be
performed by a non-volatile storage system, such as non-volatile storage system 596 in

Figure 5.

[0095] In step 922, it is detected that a programming operation is to be performed on a
set of memory cells connected to a word line within a memory block. The programming
operation may be detected or identified prior to being performed by a controller that controls
memory operations performed on a memory array. In some cases, the programming operation
to be performed on the set of memory cells may be part of one or more memory operations

performed on the memory array.
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[0096] In step 924, a number of program/crase cycles associated with the set of
memory cells is determined. The number of program/erase cycles may correspond with the
total number of program/erase cycles that the set of memory cells have experienced since
being fabricated. In one example, if the set of memory cells have experienced ten erase
operations since being fabricated, then the number of program/erase cycles may be ten. In
step 926, a threshold number of read cycles is determined based on the number of
program/erase cycles associated with the set of memory cells. In one example, if the number
of program/erase cycles associated with the set of memory cells is more than five (or a
predefined number), then the threshold number of read cycles may comprise a first number of
read cycles (e.g., fifteen read cycles); otherwise, if the number of program/erase cycles
associated with the set of memory cells is not more than five, then the threshold number of
read cycles may comprise a second number of read cycles greater than the first number of

read cycles (e.g., thirty read cycles).

[0097] In step 928, a number of read cycles for the set of memory cells is determined.
In one example, the number of read cycles for the set of memory cells may comprise the total
number of read cycles that have been performed on the set of memory cells since the set of
memory cells were last erased (e.g., since the last partial block erase operation was performed
on the set of memory cells). In step 930, it is detected that the number of read cycles for the

set of memory cells is greater than the threshold number of read cycles.

[0098] In step 932, one or more word lines within the memory block are identified in
response to detecting that the number of read cycles for the set of memory cells is greater
than the threshold number of read cycles. The one or more word lines may include the word
line triggering the partial block erase operation. The one or more word lines may be
determined based on a number of program/erase cycles for the word line or based on a
number of program/erase cycles for the one or more word lines. In one example, if the word
line triggering the partial block erase operation has been programmed and erased more than a
threshold number of times (e.g., more than five times), then the one or more word lines may
comprise the word line and one or more adjacent word lines arranged next to the word line. In
another example, if the word line triggering the partial block erase operation has been
programmed and erased more than a threshold number of times (e.g., more than ten times),

then the one or more word lines may comprise the word line and all drain-side word lines
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arranged between the word line and the control signal for the drain-side select gate (e.g.,

SGD).

[0099] In step 934, a partial block erase operation is performed on memory cells
connected to the one or more word lines. The one or more word lines may comprise less than
all of the word lines within the memory block. In this case, the memory cells connected to the
one or more word lines may be erased while other data stored in other memory cells
connected to other word lines within the memory block are not erased. In step 936, the
programming operation on the set of memory cells connected to the word line is performed
subsequent to the partial block erase operation being performed in step 934. The

programming operation may comprise writing data into the set of memory cells.

[00100] One embodiment of the disclosed technology includes a memory array, a control
circuit, an erase circuit, and a write circuit. The memory array includes a set of memory cells.
The control circuit configured to identify one or more word lines within the memory array in
response to detecting that a fail bit count associated with a first set of data stored within the
set of memory cells satisfies an error threshold. The control circuit configured to acquire a
second set of data to be programmed into memory cells connected to the one or more word
lines. The erase circuit configured to erase the memory cells connected to the one or more
word lines such that other memory cells connected to one or more other word lines within the
memory array are not erased. The write circuit configured to write the second set of data into
the memory cells connected to the one or more word lines. The memory array may comprise

a memory block.

[00101]  One embodiment of the disclosed technology includes a memory array, a control
circuit, an erase circuit, and a write circuit. The memory array includes a set of memory cells
connected to a word line. The control circuit configured to identify a programming operation
to be performed on the set of memory cells and detect that a fail bit count associated with the
set of memory cells is greater than an error threshold. The control circuit configured to
identify one or more word lines within the memory array in response to detecting that the fail
bit count is greater than the error threshold. The one or more word lines include the word line
connected to the set of memory cells. The erase circuit configured to erase memory cells
connected to the one or more word lines such that less than all of the memory cells within the
memory array are erased. The write circuit configured to write data associated with the

programming operation into the memory cells connected to the one or more word lines.



WO 2016/089474 PCT/US2015/054459
229
[00102] One embodiment of the disclosed technology includes a memory array and one
or more managing circuits in communication with the memory array. The memory array
includes a set of memory cells connected to a word line. The one or more managing circuits
configured to read data from the set of memory cells and determine a fail bit count associated
with the data. The one or more managing circuits configured to detect that the fail bit count is
greater than an error threshold. The one or more managing circuits configured to identify one
or more word lines within the memory array in response to detecting that the fail bit count is
greater than the error threshold. The one or more word lines include the word line connected
to the set of memory cells. The one or more managing circuits configured to generate
corrected data to be programmed into memory cells connected to the one or more word lines.
The one or more managing circuits configured to cause a partial block erase operation to be
performed on the memory cells connected to the one or more word lines and configured to
cause the corrected data to be programmed into the memory cells connected to the one or

more word lines.

[00103] One embodiment of the disclosed technology includes acquiring or reading data
from a set of memory cells connected to a word line within a memory block, determining a
number of bit errors associated with the data, detecting that the number of bit errors is greater
than an error threshold, and identifying one or more word lines within the memory block in
response to detecting that the number of bit errors is greater than the error threshold. The one
or more word lines include the word line connected to the set of memory cells. The method
further comprises generating corrected data to be programmed into memory cells connected
to the one or more word lines, performing a partial block erase operation on the memory cells
connected to the one or more word lines, and programming the corrected data into the

memory cells connected to the one or more word lines.

[00104] One embodiment of the disclosed technology includes a non-volatile storage
system including a memory array and one or more managing circuits in communication with
the memory array. The memory array includes a set of memory cells connected to a word
line. The one or more managing circuits configured to identify a programming operation to
be performed on the set of memory cells and sense data from the set of memory cells. The
one or more managing circuits configured to determine a fail bit count for the data. The one
or more managing circuits configured to detect that the fail bit count is greater than an error

threshold and identify one or more word lines within the memory array in response to
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detecting that the fail bit count is greater than the error threshold. The one or more word lines
include the word line connected to the set of memory cells. The one or more managing
circuits configured to cause a partial block erase operation to be performed on memory cells
connected to the one or more word lines and configured to cause the programming operation

to be performed on the set of memory cells connected to the word line.

[00105] One embodiment of the disclosed technology includes detecting that a
programming operation is to be performed on a set of memory cells connected to a word line
within a memory block, determining a number of program/erase cycles associated with the
set of memory cells, determining a threshold number of read cycles based on the number of
program/erase cycles associated with a set of memory cells, determining a number of read
cycles for the set of memory cells, detecting that the number of read cycles for the set of
memory cells is greater than the threshold number of read cycles, and identifying one or more
word lines within the memory block in response to detecting that the number of read cycles
for the set of memory cells is greater than the threshold number of read cycles. The one or
more word lines may include the word line connected to the set of memory cells. The method
further comprises performing a partial block erase operation on memory cells connected to
the one or more word lines and performing the programming operation on the set of memory
cells connected to the word line subsequent to the partial block erase operation being
performed. In some cases, the number of program/erase cycles associated with the set of
memory cells may comprise the total number of times that the set of memory cells have been

programmed and erased since the set of memory cells were fabricated.

[00106] For purposes of this document, it should be noted that the dimensions of the

various features depicted in the figures may not necessarily be drawn to scale.

3

[00107] For purposes of this document, reference in the specification to “an

EE Y 2% ¢

embodiment,” “one embodiment,” “some embodiments,” or “another embodiment” may be

used to describe different embodiments and do not necessarily refer to the same embodiment.

[00108] For purposes of this document, a connection may be a direct connection or an
indirect connection (e.g., via another part). In some cases, when an element is referred to as
being connected or coupled to another element, the element may be directly connected to the

other element or indirectly connected to the other element via intervening elements. When an
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clement is referred to as being directly connected to another eclement, then there are no

intervening elements between the element and the other element.

[00109] For purposes of this document, the term “based on” may be read as “based at

least in part on.”

[00110] For purposes of this document, without additional context, use of numerical
terms such as a “first” object, a “second” object, and a “third” object may not imply an
ordering of objects, but may instead be used for identification purposes to identify different

objects.

[00111]  For purposes of this document, the term “set” of objects may refer to a “set” of

one or more of the objects.

[00112]  Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific features or acts described above.
Rather, the specific features and acts described above are disclosed as example forms of

implementing the claims.
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CLAIMS
What is claimed is:
1. A non-volatile storage system, comprising:

a memory array (501), the memory array includes a set of memory cells connected to
a word line; and

one or more managing circuits (510) in communication with the memory array, the
one or more managing circuits configured to read data from the set of memory cells and
determine a fail bit count associated with the data, the one or more managing circuits
configured to detect that the fail bit count is greater than an error threshold, the one or more
managing circuits configured to identify one or more word lines within the memory array in
response to detecting that the fail bit count is greater than the error threshold, the one or more
word lines include the word line, the one or more managing circuits configured to generate
new data to be programmed into memory cells connected to the one or more word lines, the
one or more managing circuits configured to cause a partial block erase operation to be
performed on the memory cells connected to the one or more word lines and configured to
cause the new data to be programmed into the memory cells connected to the one or more

word lines.

2. The non-volatile storage system of claim 1, wherein:
the one or more managing circuits configured to determine the error threshold based

on a temperature associated with the memory array.

3. The non-volatile storage system of claim 1, wherein:
the one or more managing circuits configured to determine the error threshold based

on a number of program/erase cycles for the word line.

4. The non-volatile storage system of claim 1, wherein:
the one or more managing circuits configured to determine the error threshold based

on a number of data refreshes that have occurred to the word line.
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5. The non-volatile storage system of claim 1, wherein:
the one or more managing circuits configured to identify the one or more word lines

based on a number of program/erase cycles for the word line.

6. The non-volatile storage system of any of claims 1-5, wherein:
the one or more word lines within the memory array include the word line and a

second word line adjacent to the word line.

7. The non-volatile storage system of claim 6, wherein:

the partial block erase operation includes erasing the set of memory cells connected to
the word line and erasing a second set of memory cells connected to the second word line, the
partial block erase operation comprises an erase operation in which less than all of the word

lines within the memory array are erased during the erase operation.

8. The non-volatile storage system of any of claims 1-7, wherein:

the memory array comprises a NAND memory array; and

the memory array comprises a non-volatile memory that is monolithically formed in
one or more physical levels of memory cells having active areas disposed above a silicon

substrate.

9. A method for operating a non-volatile storage system, comprising:

reading (802) data from a set of memory cells connected to a word line within a
memory block;

determining (804) a number of bit errors associated with the data;

detecting (808) that the number of bit errors is greater than an error threshold;

identifying (810) one or more word lines within the memory block in response to
detecting that the number of bit errors is greater than the error threshold, the one or more
word lines include the word line and a second word line;

generating (812) new data to be programmed into memory cells connected to the one
or more word lines;

performing (814) a partial block erase operation on the memory cells connected to the
one or more word lines; and

programming (816) the new data into the memory cells connected to the one or more

word lines.
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10.  The method of claim 9, further comprising:
determining the error threshold based on a temperature associated with the memory

block.

11.  The method of claim 9, further comprising:
determining the error threshold based on a number of program/erase cycles for the

word line.

12.  The method of claim 9, further comprising:
determining the error threshold based on a number of data refreshes that have

occurred to the word line.

13.  The method of any of claims 9-12, wherein:

the data comprises a page of data and the error threshold comprises three bit errors per

page.

14.  The method of any of claims 9-13, wherein:
the identifying one or more word lines within the memory block includes identifying

the one or more word lines based on a number of program/erase cycles for the word line.

15.  The method of any of claims 9-14, wherein:

the second word line is adjacent to the word line.



WO 2016/08947

4

—120CG

_ 100FG

/7

—100CG

L 102FG

7/

—102CG

| 104FG

i/

| _104CG

| 106FG

—106CG

P

— 122CG

128

90—

FIG. 1

1/12

PCT/US2015/054459

ooy
o
10v2v(§\ :|~102
oo
oo 3,
mod

1 —128

FIG. 2



2/12

PCT/US2015/054459

WO 2016

XL ML LU
2 LU e
21Ul md
2 Ul
a Ul rlrlnln
2 U e
2l Ul nlnlr

22 238

FIG. 3A

number

of cells

> \/;

LA AALAAAR

FIG. 3B



3/12

PCT/US2015/054459

WO 2016/089474

J¢ 'Old

L€ 9jesisgng

91€
A \.J\J\J|\J|\J|\J

d w0w> m_Ow_DOm>

v
ass S9S
M gIMm GIM an £IM 1M LIM 0IM
Lol N O e e e e S | !
._m_> d00m> mm<n_> mm<n_> _>_On_> mm<n_> >>O._> Om_> mm<n_> mm<n_>
80¢ 90¢

/oom Buuys ANVN

{

v0€



4/12

PCT/US2015/054459

WO 2016/089474

ac 'oid

OLE IIem-d

9L€
A \.J\J\J|\J|\J|\J

d w0w> m_Ow_DOm>

v
ass S9S
M gIMm GIM an £IM 1M LIM 0IM
Lol | O e e e e | !
TEA doom> Jeold N0 N0 leol4  Jeold Jeol4  Jeold Jeold
80¢ 90¢

/oom Buuys ANVN

{

v0€



5/12
WO 2016/089474 PCT/US2015/054459

402 e — 408
406 i \

e 412

+ ... Bt

; é 414
WL ———» oA

WLO ——— %

SGS ——» V744

FIG. 4B



6/12

WO 2016/089474 PCT/US2015/054459
5% 598
yd
CONTROL
CIRCUITRY
510
2
Power e
Control %
516 5 MEMORY ARRAY
> o 501
LIJ P AN
=)
Buff =
uffer =
011 x
On-Chip
Address
D d
e5°1° | [ADDR T READ/WRITE CIRCUITS 565
Sense Sense |~ 500 Sense
——> Block Block Block
State 1 2 | e p
Machine
512
ADDR COLUMN DECODER 560
Data
/O
7y
518 4
Controller
550
A
520 ’\l
Host

FIG. 5



7/12

WO 2016/089474 PCT/US2015/054459

bit line

Bitline Latch 582
iline Latch 582 Sense Circuitry 570

|
|
|
State : 593 Processor 592
Machine |
|
' |
|
|
|
|
|
|
|
|
|
|

512

Data Latches
594

I

I/O Interface 596

520
FIG. 6 v Data




8/12

WO 2016/089474 PCT/US2015/054459
FIG. 7A
T 700
# 704 706
702
E A B C
— ™ - —>
Vra i i vrbi vrei Vi
iVva iVvb i Vve
VvalL VvbL VvcL
FIG. 7B
First
programming
. A /\ pass
E LM
>
: V1H
VvLM
Second
FIG.7C programming
pass
#
A
706
C
' ' ' >
Vva Vvb Vvc V1h



9/12
WO 2016/089474 PCT/US2015/054459

FIG. 7D

First
programming

Second
programming
pass




10/12
WO 2016/089474 PCT/US2015/054459

Read data from a set of memory cells connected to a
: o " 802
word line within a memory block
Determine a fail bit count for the data " 804
Determine an error threshold fpr triggering a data L~ 806
refresh operation
Detect that the fail bit count is greater than the error L~ 808
threshold
Identify one or more word lines within the memory
block in response to detecting that the fail bit count is L~ 810
greater than the error threshold, the one or more
word lines include the word line
Generate corrected data to be programmed into memory
: " 812
cells connected to the one or more word lines
Perform a partial block erase operation on the memory
: " 814
cells connected to the one or more word lines
Program the corrected data into the memory cells
. " 816
connected to the one or more word lines

FIG. 8



11/12
WO 2016/089474 PCT/US2015/054459

Identify a programming operation to be performed on L~ 902
a set of memory cells connected to a word line within
a memory block

v

Sense data from the set of memory cells prior to
performing the programming operation

v

Determine a fail bit count for the data " 906

v

Determine an error threshold " 908

v

Detect that the fail bit count is greater than the error
threshold

v

Identify one or more word lines within the memory
block in response to detecting that the fail bit count is
greater than the error threshold, the one or more
word lines include the word line

v

Perform a partial block erase operation on memory cells
connected to the one or more word lines

v

Perform the programming operation on the set of
memory cells connected to the word line subsequent to
the partial block erase operation being performed

" 904

" 910

" 912

" 914

" 916

FIG. 9A



12/12
WO 2016/089474 PCT/US2015/054459

Detect that a programming operation is to be A~ 922
performed on a set of memory cells connected to a
word line within a memory block

v

Determine a number of program/erase cycles
associated with the set of memory cells

v

Determine a threshold number of read cycles based 926
on the number of program/erase cycles associated s
with the set of memory cells

v

Determine a number of read cycles for the set of
memory cells

v

Detect that the number of read cycles for the set of L~ 930
memory cells is greater than the threshold number of
read cycles

v

Identify one or more word lines within the memory
block in response to detecting that the number of L~ 032
read cycles for the set of memory cells is greater
than the threshold number of read cycles, the one or
more word lines include the word line

v

Perform a partial block erase operation on memory cells
connected to the one or more word lines

v

Perform the programming operation on the set of L~ 936
memory cells connected to the word line subsequent to
the partial block erase operation being performed

" 924

S 028

" 934

FIG. 9B



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/054459

A. CLASSIFICATION OF SUBJECT MATTER

INV. GI11C11/56 G11C16/34
ADD. G11C16/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G11C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, COMPENDEX, INSPEC, IBM-TDB, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2008/175054 Al (HANCOCK BRYAN WILLIAM 1,8
[US] ET AL) 24 July 2008 (2008-07-24)
Y paragraphs [0030] - [0042]; figures 2-4
1,6-7,9
Y US 2010/202203 Al (CHOI JEONG Y [US] ET 1-4,8

AL) 12 August 2010 (2010-08-12)
paragraphs [0004], [0014] - [0039];
figures 1-2,5

Y US 2009/132875 Al (KITAHARA JUN [JP] ET 1-4,8
AL) 21 May 2009 (2009-05-21)
paragraphs [0034], [0064] - [0088];
figure 7

Y US 2010/157671 Al (MOKHLESI NIMA [US]) 2
24 June 2010 (2010-06-24)
paragraph [0115]; figures 9,10B

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
21 January 2016 29/01/2016
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, )
éx%mq&smsme Havard, Corinne

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/054459

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2013/070530 Al (CHEN JIAN [US] ET AL)
21 March 2013 (2013-03-21)
paragraphs [0199], [0200]; figures 47,48

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/054459
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008175054 Al 24-07-2008  NONE

US 2010202203 Al 12-08-2010 US 2010202203 Al 12-08-2010
US 2011141812 Al 16-06-2011
WO 2010093440 A2 19-08-2010

US 2009132875 Al 21-05-2009 JP 2009129070 A 11-06-2009
US 2009132875 Al 21-05-2009
US 2014082457 Al 20-03-2014

US 2010157671 Al 24-06-2010  CN 102246241 A 16-11-2011
EP 2368251 Al 28-09-2011
JP 5638537 B2 10-12-2014
JP 2012513072 A 07-06-2012
KR 20110106378 A 28-09-2011
W 201027541 A 16-07-2010
US 2010157671 Al 24-06-2010
US 2011026353 Al 03-02-2011
WO 2010080185 Al 15-07-2010

US 2013070530 Al 21-03-2013 W 201329978 A 16-07-2013
US 2013070530 Al 21-03-2013
WO 2013043602 A2 28-03-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report

