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USE OF 8-BIT OR HIGHER A/D FOR NAND
CELL VALUE

CLAIM OF PRIORITY

This application claims priority under 35 USC §119(e)(1)
to Provisional Patent Application Ser. No. 60/800,357, filed
on May 15, 2006, the entire contents of which are hereby
incorporated by reference.

TECHNICAL FIELD

Various implementations may relate generally to non-vola-
tile memory devices, and particular implementations may
relate to systems and methods for operating multi-level flash
cells.

BACKGROUND

As computing devices have increased in capabilities and
features, demand for data storage devices has grown. Data
storage devices have been used, for example, to store program
instructions (i.e., code) that may be executed by processors.
Data storage devices have also been used to store other types
of data, including audio, image, and/or text information, for
example. Recently, systems with data storage devices capable
of storing substantial data content (e.g., songs, music videos,
etc.) have become widely available in portable devices.

Such portable devices include data storage devices (DSDs)
that have small form factors and are capable of operating from
portable power sources, such as batteries. Some DSDs in
portable devices may provide non-volatile memory that is
capable of retaining data when disconnected from the power
source. Portable devices have used various non-volatile data
storage devices, such as hard disc drives, EEPROM (electri-
cally erasable programmable read only memory), and flash
memory.

Flash memory has become a widely used type of DSD.
Flash memory may provide a non-volatile memory in por-
table electronic devices and consumer applications, for
example. Two types of flash memory are NOR flash and
NAND flash. NOR flash typically provides the capacity to
execute code in place, and is randomly accessible (i.e., like a
RAM). NAND flash can typically erase data more quickly,
access data in bursts (e.g., 512 byte chunks), and may provide
more lifetime erase cycles than comparable NOR flash.
NAND flash may generally provide non-volatile storage at a
low cost per bit as a high-density file storage medium for
consumer devices, such as digital cameras and MP3 players,
for example.

Typical flash memory stores a unit of information by stor-
ing an electrical charge in each memory cell at a voltage
representative of a digital data value. Single level cells store
one bit of information based on the cell being charged to a
“high” voltage, or being discharged to a “low” voltage.
NAND flash memory has been developed that stores up to two
bits of information in a single cell by decoding the charge as
being within one of four different voltage ranges. NOR flash
memory has been developed that can store up to 8 bits of
information in a single cell by decoding the charge as being
within one of 256 different voltage ranges.

SUMMARY

Described apparatus and associated systems, methods and
computer program products relate to multi-level data storage
in flash memory devices. In one general aspect, digital infor-
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mation is stored in multiple NAND flash memory cells. Each
memory cell is adapted to receive charge during a write opera-
tion to an analog voltage corresponding to a data value having
a binary representation of more than 4 bits. An analog-to-
digital converter converts the analog voltage from each
memory cell into a digital representation of the analog voltage
during a read operation of each cell.

Implementations may include one or more ofthe following
features. The data value includes a first number ofbits, and the
digital representation of the analog voltage includes a second
number of bits that is greater than the first number of bits. A
processor determines the data value from the digital repre-
sentation of the analog voltage. Each data value is selected
from a set of possible data values, and each possible data
value corresponds to a range of digital values. The processor
determines the data value by comparing the digital represen-
tation of the analog voltage to at least one of the ranges of
digital values. An analog front end conditions the analog
voltage before the analog-to-digital converter converts the
analog voltage into the digital representation. The data value
includes 6 bits, 8 bits, or some other number of bits. The
NAND flash memory cells are included in an audio playback
device or an image storing device.

In another general aspect, data is retrieved from a memory
device by detecting a voltage level from a memory cell during
aread operation. The voltage level corresponds to a data value
having a binary representation, and the data value has a first
resolution. The voltage level is converted into a digital repre-
sentation of the voltage level. The digital representation has a
second resolution greater than the first resolution. The data
value is determined from the digital representation of the
analog voltage signal.

Implementations may include one or more ofthe following
features. Each data value is selected from a set of possible
data values, and each possible data value corresponds to a
range of digital values. The determining operation compares
the digital representation to one or more of the ranges of
digital values to determine the data value. The voltage level is
conditioned prior to converting the voltage level into the
digital representation. The digital representation of the volt-
age level is adjusted prior to determining the data value. The
adjustment operation adjusts the digital representation based
upon one or more of the following parameters: reference cell
voltage, read usage of the memory cell, write usage of the
memory cell, temperature, product age, supply voltage, and
detected error levels.

In another general aspect, data values are read by detecting
a voltage signal from a memory cell that is charged to a
voltage corresponding to a binary representation of a data
value. The data value is selected from a set of possible data
values, and each possible data value corresponds to a range of
voltage values. The analog voltage received from the memory
cell is converted into a digital representation with sufficient
resolution to discriminate among multiple voltage values
within one of the ranges of voltage values corresponding to
one of the possible data values.

In yet another general aspect, digital information is stored
on multiple memory cells. Each memory cell stores a data
value represented by a voltage level, and each data value has
a first number of bits. An analog-to-digital converter converts
the voltage level into a digital representation of the voltage
level, where the digital representation has a second number of
bits greater than the first number of bits.

Implementations may include one or more ofthe following
features. A processor adjusts the digital representation of the
analog voltage based upon heuristics. The heuristics include
one or more of the following: reference cell voltage, read
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usage of the memory cell, write usage of the memory cell,
temperature, product age, supply voltage, detected error lev-
els, and combinations thereof. Each data value is selected
from a set of possible data values, and each possible data
value includes a corresponding range of digital values. The
processor further determines the data value by selecting the
possible data value having the corresponding range of digital
values that includes the adjusted digital representation of the
analog voltage.

Some implementations may provide one or more advan-
tages. For example, some implementations may provide high
performance data storage functions. Storage density and/or
capacity may be increased. Some examples may provide
improved reliability and/or reduced data error rates. Various
implementations may permit increased levels of integration,
miniaturization, reduced electromagnetic noise and/or
improved noise margins. Some implementations may realize
lower system cost in auxiliary systems, such as voltage sup-
plies to logic and/or programming/erase circuits.

The details of one or more implementations of the inven-
tion are set forth in the accompanying drawings and the
description below. Other features of the invention will be
apparent from the description and drawings, and from the
claims.

DESCRIPTION OF DRAWINGS

FIG. 1 shows an example of an architecture of a multi-chip
package that includes a NAND flash memory die and a flash
disk controller.

FIGS. 2A-2B collectively show a mapping between a cell
voltages and digital values stored in a memory cell.

FIGS. 3A-3B show flow charts that illustrate examples of
processes for reading pages of data from a multi-level cell
flash memory.

FIG. 4 shows a flow chart that illustrates an example of a
process for reading a page of data from flash memory.

FIG. 5 shows a flow chart that illustrates an example of a
process for performing error correction operations to correct
a page of data containing bit errors.

FIGS. 6A-6C collectively show examples of operations for
executing an alternative value command.

FIGS. 7A-7B show flow charts that illustrates an examples
of processes for writing data to a flash memory page.

FIGS. 8A-8B show flow charts illustrating examples of
processes for adjusting cell resolution of a memory page.

FIG. 9 shows a flow chart illustrating an example of a
maintenance process.

FIG. 10 shows a flow chart illustrating an example of a
process of logical addressing in the flash disk controller.

FIG. 11 shows an example of a system that includes a
charge pump and an analog to digital converter external to the
NAND flash memory die.

FIG. 12 shows an example of a system that includes
decoupled power input at a NAND flash memory die.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EXAMPLES

Various implementations relate to flash memory capable of
storing information in deep multi-level cells (MLCs). Deep
multi-level cells may encode at least several bits of data
according to a cell voltage. Some implementations relate to
architectures for implementing systems that include deep
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MLC flash memory. Some implementations relate to tech-
niques for performing data storage operations with deep
MLC flash memory.

FIG. 1 shows an example of a multi-chip package (MCP)
100 that provides data storage for a host device (not shown).
The MCP 100 includes a NAND flash memory die 103 for
storing data and a flash disk controller (FDC) 106 that facili-
tates access to the flash memory in response to read and/or
write commands from the host. In some implementations, the
NAND flash memory die 103 stores data in deep MLCs. For
example, cells in the flash memory die 103 may hold 3, 4, 5,
6,7,8,9, 10 or more bits of information. The MCP 100 may
provide data storage in various portable devices, such as
digital cameras, other image storing devices, portable audio
devices, personal digital assistants (PDA), and digital video
recorders, for example. Some implementations may also be
used in other applications, examples of which may include
desktop computers, servers, wireless routers, or embedded
applications (e.g., automotive), particularly in situations
where quick access to data is desirable. In general, apparatus
and techniques according to examples described herein may
be implemented to increase flash memory density and/or to
realize high performance and/or reliable non-volatile data
storage operations.

As an illustrative example, the MCP 100 may store a data
file by storing a byte (i.e., 8 bits) of information in each cell in
a group of cells (e.g., a page or a block) in a flash memory.
Some other examples may have resolutions such as 16-bit,
32-bit, 64-bit, or more. In some implementations, resolution
may be determined by single or multiple electron detection on
a gate of a cell. In other implementations, any practical num-
ber of bits of information may be encoded in a voltage to
which an individual flash memory cell is charged.

The FDC 106 includes a host interface 109, a processor
112, and a flash interface 115. The FDC 106 receives com-
mands and/or data (e.g., software code updates or user data)
from and/or transmits data to a host device, such as a proces-
sor on a desktop computer, server, or portable computing
device, via the host interface 109. Communication with the
host may use custom or standard protocols, such as Advanced
Technology Attachment (ATA), Serial ATA (SATA), Block
Abstracted NAND, Secure Digital (SD), or Multi-Media
Card (MMC), for example. In some implementations, the
MCP 100 may be part of the same product as the host device.
In other implementations, the host device may be in operative
communication with the MCP 100 through a communication
link (e.g., USB, Firewire, Bluetooth) to at least one other
processor-based device. For example, a host may access the
MCP 100 remotely by sending control messages and sending
and receiving data messages over at least one network, which
may include wired, wireless, or fiber optic links, or a combi-
nation of these. Such networks may support packet-based
communications, and may include a local network or a wide
area network, such as the Internet.

The processor on the host device may read data from and/or
write data to the NAND flash memory die 103 using a logical
addressing scheme that is processed by the FDC 106 to iden-
tify physical addresses in the flash memory. In some imple-
mentations, the host interface 109 may be configured to com-
municate with the host device using an ATA/IDE interface.
The processor 112 may process the received command and
use the flash interface 115 to access the NAND flash memory
die 103. The FDC 106 may be configured to provide func-
tionalities, such as wear management, block management,
error correction, and logical addressing management func-
tionalities, to improve performance of the NAND flash
memory die 103, such as increasing reliability, decreasing
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read and write time, improving power efficiency, and increas-
ing capacity per chip volume. Certain techniques and appa-
ratus described herein may be applicable to NAND and/or
NOR flash memory, to other types of electrically erasable or
electrically writable memory, or to memory in which data
access resolution is in pages or blocks.

Although only one NAND flash memory die 103 is shown
in FIG. 1, the MCP 100 may include more than one NAND
flash memory die 103. Some implementations may include
any combination of non-volatile memories, which may
include NAND flash, NOR flash, or electrically erasable pro-
grammable read only memory (EEPROM). In some illustra-
tive examples, the MCP 100 can include two, three, four, or at
least eight NAND flash memory dies 103. For example, the
MCP 100 may include a flash disk controller 106 on a die that
is packaged with (e.g., in a stack) four NAND flash memory
dies 103.

In some implementations, the flash disk controller 106 and
the flash memory die 103 may be implemented on a single
die. In other implementations, one or more ofthe components
in the flash disk controller 106 may be implemented in part or
entirely external to a single die or the MCP 100. For example,
some or all of the synchronous dynamic random access
memory (SDRAM) 151 and/or the non-volatile memory
(NVM) 154 may be implemented external to the MCP 100. In
some implementations, some or all of the flash disk controller
106 may be packaged separately from the flash memory die
103. In an illustrative example, the NVM 154, the SDRAM
151, the host interface 109, and at least a portion of the
processor 112 may each be implemented externally to the
MCP 100. In other implementations, the analog and/or digital
signals between the flash interface 115 and the flash memory
die 103 may be externally routed to an integrated package.

Remote or distributed transmission structures (e.g.,
shielded and/or controlled impedance signal paths) may be
implemented to transport signals to and/or from at least one
flash memory die 103. In some implementations, memory
expansion may be provided by installing additional packages
of non-volatile memory. Buffering and/or routing devices
may be used to support distribution of analog and/or digital
signals to a variable number of memory dies 103. Further-
more, functions of the processor 112 may be performed exter-
nal to the MCP 100. In various examples, the processor 112
may be implemented, in whole or in part, in a circuit on the
same substrate (e.g., printed circuit board) or in the same
product as the MCP 100. The processor 112 may be imple-
mented from another computing device in operative commu-
nication with the MCP 100 through a communication link
(e.g., wired, wireless, fiber optic, or a combination of any of
these).

The MCP 100 may have any practical memory size, such as
up to at least 100 gigabytes or more. In the depicted example,
the NAND flash memory die 103 is organized to include a
number of flash memory blocks 118. In some implementa-
tions, the NAND flash memory die 103 may include hundreds
or thousands of flash memory blocks 118. Each flash memory
block 118 includes a number of flash memory pages 121. As
shown, each flash memory page 121 includes cells that may
store data 124 and cells that may store error correction codes
(ECCs) 127 associated with the data. As an example, the flash
memory page 121 may store 2048 bytes of data and 64 bytes
of ECC data. The data cells 124 store information received
from the flash disk controller 106. The ECC cells 127 store
additional integrity meta-data (e.g., ECC data) that is associ-
ated with the data stored in the data cells 124. In various
implementations, the ECC data allows the flash disk control-
ler 106 to detect and/or correct bit errors in the data.
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In the illustrated example, each flash memory block 118
also includes one or more reference cells 130a, 1305, 130c¢. In
some implementations, the FDC 106 may monitor the voltage
in the reference cells 130qa, 1305, 130c¢ to estimate the degree
of'voltage sag or drift, inthe cells 124, 127. In each block 118,
the reference cell 130a may be located at the beginning of the
block 118, and the reference cell 1305 may be located at the
end of the block 118. Each flash memory page 121 may
include the reference cell 130c. In some implementations, a
greater or lesser number of reference cells may be distributed
in any pattern across the pages, blocks, and dies of the
memory 103 to determine the likely performance of the cells
124,127.

In some implementations, reference cells may be located in
oraround cells that experience read/write usage levels that are
representative of the usage level of certain data cells of inter-
est. Compensation methods may be based on comparing non-
reference cells to other non-reference cells. For example, if
voltages in a number of cells in the same page or block are
relatively low, then compensation may include adjusting
thresholds (e.g., voltage thresholds between different value
levels in a cell) downward according to the measured values
so that read errors may be substantially reduced. Other
examples include determining a correction function based
upon the detected voltages in reference cells, the correction
function adjusting the detected voltage prior to converting the
detected voltage into the digital data value represented by the
memory cell.

In some implementations, memory cells may be refreshed
by applying additional charge to a plurality of cells to correct
for detected voltage sag. For example, if the voltage level of
one or more reference cells indicate more than some thresh-
old amount of voltage drift, then the memory cells in the
page(s) or block(s) associated with the reference cell(s) may
be either adjusted by applying additional charge or rewritten
to restored the cells to appropriate voltage levels according to
the stored data. Such adjustments can be performed immedi-
ately upon detecting the voltage drift in the reference cell (s)
or as part of a later maintenance operation. In some imple-
mentations, additional charge may be applied or the memory
cells may be rewritten based on the difference between the
detected reference cell voltage(s) and the target reference cell
voltage(s), which may be assumed to indicate the approxi-
mate amount of voltage drift or sag for both the reference
cell(s) and the corresponding data cells.

In other implementations, applying additional charge or
rewriting of the memory cells may be performed by reading
all of the cells, performing any necessary adjustments to
thresholds (e.g., using a correction function based on the
reference cell voltages and/or using other techniques
described herein), and performing error correction on the
detected data to obtain the stored data. Thereafter, the data can
be used to determine appropriate voltage levels or how much
additional charge is needed for the various memory cells to
correct for the identified voltage drift or sag. In some imple-
mentations, the amount of additional charge applied may be
determined based on a correction function that is the same or
similar to the correction function used to adjust detected
voltages prior to converting the detected voltages into digital
data values.

Insome implementations, cells in the flash memory may be
adaptively re-assigned. For example, reference cells may be
added, removed, relocated, and/or redistributed as needed in
response to read or write usage information, temperature,
product age, supply voltage (e.g., low battery, AC-line pow-
ered), and/or detected error levels. If errors in certain blocks
or pages of memory are low, then fewer cells may be assigned
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as ECC cells 127 and/or reference cells 130, which allows for
more data cells 124. The relative assignments of cells to
reference, data, and ECC functions, as well as the resolution
of individual cells, may be dynamically adjusted based on
current operating conditions, and/or according to predeter-
mined conditions. For example, the resolution may be
adjusted based on error rates, the number of ECC cells per
page may be based on error rates and read and write history
information, and the location and distribution of reference
cells may be based on error rate and product age. This
example merely illustrates that the controller 106 and the
flash memory die may be dynamically adjusted according to
various criteria. Other criteria may include criticality of the
data, power source availability (e.g., AC line power, battery
power), and defined criteria about the relative importance of
maximizing memory size, speed performance, and data integ-
rity. For example, maintaining a high cell resolution that
requires a substantial number of software corrections may
result in longer access times. The criteria may be tailored by
the user, product manufacturer, or software, according to the
needs of the application.

In some implementations, data that requires a substantial
number of software corrections may be rewritten in a main-
tenance operation to correct for variations in charge associ-
ated with the passage of time or to correct for pages of
memory cells that have begun to degrade. Typically, when
changing the resolution of one or more memory cells, the data
will be written to a different page of memory cells, and may
be written at the same or a different resolution. In some
implementations, the original page of memory cells will be
downgraded to a lower resolution, which will often be
required as the memory cells age and degrade. When rewrit-
ing of data is performed as a result of identified voltage drift
or sag, it is possible to write the data to the same or a different
page or block of memory cells.

The flash interface 115 provides direct control, handshak-
ing, and data transfer access to the flash memory die 103. The
flash interface 115 includes a control interface 133 and an
analog interface 136. In some implementations, the control
interface 133 may send control, address, and data signals to
the flash memory die 103. The commands and the memory
addresses may be transmitted in digital signals or analog
signals. The flash disk controller 106 can also receive analog
signals from the flash memory die 103. The flash disk con-
troller 106 may include a processor for interfacing with flash
memory logic on the flash memory die 103, and this processor
for interfacing with the flash memory logic on the flash die
may be integrated into the flash interface 115.

In response to a read command, the flash memory die 103
may output cell voltages representing data stored in indi-
vidual data cells 124. The flash disk controller 106 can receive
the analog voltage signals output from each memory cell on
the flash memory die 103. These analog cell voltages or
analog voltage signals may be transmitted to the analog inter-
face 136 in the FDC 106. In some implementations, the flash
interface 115 may also include a data bus separate from the
control interface 133 and analog interface 136 for communi-
cating with the flash memory die 103.

The analog interface 136 may include an analog front end
(analog FE) 139 and an analog-to-digital converter (ADC)
142. Upon receiving the analog signals, the analog FE 139
may condition the signals as needed, for example, to provide
offset, corrective level shift, gain, buffering, filtering, or con-
trolled impedance to minimize reflections. The analog FE
may provide a high impedance input to minimize loading of
the flash memory cell, and a low impedance output to drive a
sample and hold or track and hold circuit that is coupled to an
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input of the ADC 142. In some implementations, the analog
FE 139 may further include an analog multiplexer (not
shown) to select one of a number of analog output lines from
one or more flash memory dies.

The ADC 142 processes the analog value to determine a
corresponding digital data value representation of the voltage
in the data cells 124, 127. The ADC 142 receives the condi-
tioned analog signal and convert the analog signal into a
digital representation of the analog voltage. The ADC 142 (or
a processor in the ADC) then converts the digital representa-
tion into a digital data value represented by the voltage stored
on the memory cell based on, for example, a mapping func-
tion. The processor 112 could also be used to convert the
digital representation into a digital data value. The digital
representation of the analog voltage may include enough
information to allow the ADC 142 or a processor to distin-
guish among a plurality of analog voltage levels each repre-
senting a particular digital data value. The digital representa-
tion may comprise a greater number of bits of data than the
digital data value. In some implementations, the ADC 142
may be integrated into the flash memory die 103 rather than
being included in the flash disk controller 106. In such a case,
the flash interface 115 may receive digital representations of
cell voltages or digital data values from the flash memory die
103.

An example of a mapping function 145 is shown. Based on
the mapping function 145, the ADC 142 or the processor 112
may convert an analog cell voltage into digital representation
and/or a digital data value. For example, there may be a series
of'analog voltage thresholds that can be used to map an analog
voltage to a digital representation and/or digital data value.
Likewise, the mapping function 145 may also illustrate the
conversion of a digital representation of the analog voltage
into a digital data value. For example, one or more digital
representations of the analog voltage may map to a particular
digital data value, with each digital data value having a cor-
responding distinct set of one or more digital representations.

In some implementations, the ADC 142 or the processor
112 may receive parameters that change the mapping func-
tion 145. For example, the FDC 106 may adapt the mapping
function 145 based on current temperature, supply voltage,
number of reads and write of the page data, and/or the voltage
in the reference cells 130a, 1305, and/or 130c¢. In some imple-
mentations, adaptations to the mapping function may be
based on voltage characteristics of neighboring data cells
124, ECC cells 127, and/or other cells. The mapping 145
between cell voltages and digital data values is described in
further detail with reference to FIGS. 2A-2B. In some imple-
mentations, the ADC 142 or a processor may also operate
responsive to an alternative value command to retrieve alter-
native values for the received analog signals or digital repre-
sentations of the analog signals. Example implementations of
the alternative value command are described in further detail
with reference to FIGS. 6A-6C.

The flash disk controller 106 also includes an ECC engine
148. In various implementations, the ECC engine 148 may
perform hardware and/or software error checking and correc-
tion using ECC cells 127. In some implementations, the ECC
engine 148 may provide state machine-based data recovery.
For example, the ECC engine 148 may detect the number of
error bits in a page of data. Then, the ECC engine 148 may
determine which ECC algorithm is used. As an example, the
ECC engine 148 may be configured to first attempt a hard-
ware ECC algorithm using, for example, Hamming or Reed-
Solomon codes. If the hardware ECC algorithm is unsuccess-
ful in recovering the page of data, then a software ECC
correction may be attempted. An example method illustrating
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use of hardware ECC, software ECC, and other techniques in
combination is described with reference to FIG. 5. In some
implementations, the ECC engine 148 may provide error
correction for up to at least about 10% or more of the size of
apage of data. In some examples, a processor may determine
which ECC algorithm to use.

In some implementations, the processor 112 will rewrite or
refresh the data stored in a flash memory page if an ECC
algorithm is used to recover data that includes more than
some predetermined number or percentage of errors. In other
implementations, the processor 112 will record the location,
physical and/or logical, of data that included such errors in a
maintenance log. The processor 112 will then rewrite or
refresh that data during a maintenance operation (See FIG. 9).
Maintenance operations may be performed when the host
device is operating under a predetermined power condition,
when the processor 112 has a predetermined amount of
excess bandwidth, and/or at scheduled intervals.

The flash disk controller (FDC) 106 may include dynamic
random access memory (DRAM). The flash disk controller
106 of this example also includes a synchronous dynamic
random access memory (SDRAM) 151. For example, the
SDRAM 151 may be a single data rate SDRAM or a double
data rate SDRAM. In some implementations, the FDC 106
may use the SDRAM 151 as a high speed and high density
buffer for storing temporary data such as output data for the
host device and alternative digital values for a page of data,
for example. FDC 106 may also include other types of RAM,
such as DRAM. As an example, the FDC 106 may receive
analog data from the NAND flash memory die 103.

The FDC 106 may then convert detected analog voltages
into digital data, including, in some cases, alternative digital
data values for one or more of the cells. Then the ECC engine
148 checks and corrects the digital data, possibly checking
multiple different combinations of data values and alternative
data values for the cells on each flash memory page 121. If the
error correction is successful, then the processor 112 may
store the digital data into a host output buffer in the SDRAM
151. In some implementations, the host device may retrieve
data from the host output buffer. Alternatively, the flash disk
controller 106 may forward data from the host output buffer to
the host device. The SDRAM 151, or other cache memory,
may further be used to store data to be written to the flash
memory die 103.

The FDC 106 also includes a non-volatile memory (NVM)
154. In this example, the NVM 154 includes wear manage-
ment software code 157, block management software code
160, logical addressing software code 163, and cell resolution
registers 166, each of which contain instructions (or pointers
to instructions in the flash memory) that, when executed by
the processor 112, perform certain operations. In some imple-
mentations, the NVM 154 may be separate from the NAND
flash memory die 103. For example, the NVM 154 may be a
NOR flash memory or another NAND flash memory. In other
implementations, the NVM 154 may be one or more pages in
the NAND flash memory die 103. In other implementations,
the NVM 154 may store pointers or memory locations to the
data stored in the NAND flash memory die 103. In some
implementations, the processor 112 may execute the wear
management software code 157, the block management soft-
ware code 160, and the logical addressing software code 163
to improve efficiency, performance, and/or reliability of the
MCP 100.

The processor 112 may use the wear management software
code 157 to manage the wear of pages 121, blocks 118, or die
103 in the MCP 100. For example, the wear management
software code 157 may include instructions that, when
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executed by the processor 112, perform operations that
include load balancing operations to swap the data in the most
frequently used memory page to a less used memory page.
The swapping operations may also include an updating of the
logical addressing software code 163.

The wear management software code 157 may be activated
during a maintenance operation. In some implementations,
the physical and/or logical addresses of each read operation is
recorded in a maintenance log. Each write operation may also
be recorded in a maintenance log. The wear management
software code 157 may then use predetermined threshold
values for determining how to rearrange stored data among
the pages of memory cells. These threshold values, for
example, might include 100 or 1000 reads of the page of
memory cells during the course of a week or month. In other
implementations, the threshold values might be based upon a
percentage of the total number of read operations, or based
upon deviation from the average number of reads per page per
time. An example of a maintenance operation is depicted in
FIG. 9.

The block management software code 160 may include
code for managing bad blocks in the flash memory die 103.
For example, the block management software code 160 may
include historical error information about the flash memory
blocks 118. In some implementations, the error information
may be used to maintain the cell resolution in each of the flash
memory pages. An example of the block management soft-
ware code is described in further detail with reference to
FIGS. 8A and 8B.

The block management software code 160, possibly in
conjunction with the logical addressing software code 163
and/or the cell resolution registers 166, may also be used to
pair sets of bad blocks or bad pages having reduced resolu-
tions (updated in the cell resolution registers 166) in the flash
memory die 103 and have the set of bad blocks or bad pages
betreated for logical addressing purposes (perhaps updated in
the logical addressing software code 163 and/or the cell reso-
Iution registers 166) as equivalent to a single block or single
page of memory cells having the initial higher resolution. The
block management software code 157 may be activated dur-
ing a maintenance operation. An example of a maintenance
operation is depicted in FIG. 9.

The logical addressing software code 163 may include
code to convert a logical address in a host command to physi-
cal addresses in the NAND flash memory die 103. In some
examples, a logical page may be associated with multiple
physical memory pages in the NAND flash memory die 103.
The logical addressing software code 163 manages the con-
version and update of the logical address table in the NVM
154. In an example, the logical addressing software code 163
may dynamically maintain links between logical block
addresses from the host and physical page addresses as the
pages are downgraded from 10 bit resolution to 8 bit resolu-
tion, for instance, or as the mapping of logical block addresses
to different physical page addresses are changed for purposes
of wear management. Intermediate forms of addresses may
be generated in the process of converting between logical and
physical addresses, for example. Intermediate address forms
may be generated, processed, stored, used, and/or otherwise
manipulated to perform various non-volatile memory opera-
tions. An example of the logical addressing software code is
described in further detail with reference to FIG. 10.

The cell resolution registers 166 store information about
cell resolution in each flash memory page 121. For example,
the NAND flash memory die 103 may be an 8-bit ML.C flash
memory. In some implementations, some of the flash memory
block 118 may be downgraded or up-graded in response to






