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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to data
storage, and particularly to memory controllers that use
host system resources.

BACKGROUND OF THE INVENTION

[0002] Several types of memory devices, such as
Flash memories, use arrays of analog memory cells for
storing data. Each analog memory cell stores a quantity
of an analog value, also referred to as a storage value,
such as an electrical charge or voltage. This analog value
represents the information stored in the cell.
[0003] In Flash memories, for example, each analog
memory cell holds a certain amount of electrical charge.
The range of possible analog values is typically divided
into intervals, each interval corresponding to one or more
data bit values. Data is written to an analog memory cell
by writing a nominal analog value that corresponds to
the desired bit or bits.
[0004] Some memory devices, commonly referred to
as Single-Level Cell (SLC) devices, store a single bit of
information in each memory cell, i.e., each memory cell
can be programmed to assume two possible program-
ming levels. Higher-density devices, often referred to as
Multi-Level Cell (MLC) devices, store two or more bits
per memory cell, i.e., can be programmed to assume
more than two possible programming levels.
[0005] Flash memory devices are described, for exam-
ple, by Bez et al., in "Introduction to Flash Memory," Pro-
ceedings of the IEEE, volume 91, number 4, April, 2003,
pages 489-502.
[0006] Multi-level Flash cells and devices are de-
scribed, for example, by Eitan et al., in "Multilevel Flash
Cells and their Trade-Offs," Proceedings of the 1996
IEEE International Electron Devices Meeting (IEDM),
New York, New York, pages 169-172. The paper com-
pares several kinds of multilevel Flash cells, such as com-
mon ground, DINOR, AND, NOR and NAND cells.
[0007] Eitan et al., describe another type of analog
memory cell called Nitride Read Only Memory (NROM)
in "Can NROM, a 2-bit, Trapping Storage NVM Cell, Give
a Real Challenge to Floating Gate Cells?" Proceedings
of the 1999 International Conference on Solid State De-
vices and Materials (SSDM), Tokyo, Japan, September
21-24, 1999, pages 522-524. NROM cells are also de-
scribed by Maayan et al., in "A 512 Mb NROM Flash Data
Storage Memory with 8 MB/s Data Rate", Proceedings
of the 2002 IEEE International Solid-State Circuits Con-
ference (ISSCC 2002), San Francisco, California, Feb-
ruary 3-7, 2002, pages 100-101. Other exemplary types
of analog memory cells are Floating Gate (FG) cells, Fer-
roelectric RAM (FRAM) cells, magnetic RAM (MRAM)
cells, Charge Trap Flash (CTF) and phase change RAM
(PRAM, also referred to as Phase Change Memory -

PCM) cells. FRAM, MRAM and PRAM cells are de-
scribed, for example, by Kim and Koh in "Future Memory
Technology including Emerging New Memories," Pro-
ceedings of the 24th International Conference on Micro-
electronics (MIEL), Nis, Serbia and Montenegro, May
16-19, 2004, volume 1, pages 377-384.
[0008] US2009/0248964 discloses a memory system
including a non-volatile semiconductor memory having
blocks.

SUMMARY OF THE INVENTION

[0009] An embodiment of the present invention that is
described herein provides a method for data storage in
a system that includes a host and a memory controller
that is separate from the host and stores data for the host
in a non-volatile memory. The method includes allocating
a portion of host memory for use by the memory control-
ler; sending, by the memory controller, a request to re-
trieve information items relating to one or more source
blocks of the non-volatile memory from the portion of the
host memory; retrieving, by the host, from the portion of
host memory, the information items; sending, by the host,
the information items to the memory controller; reading,
by the memory controller, the one or more source blocks
from the non-volatile memory dependent upon the infor-
mation items; transferring from the memory controller to
the host the one or more source blocks. The one or more
source blocks are compacted in the host by copying valid
data from the one or more source blocks into one or more
destination blocks. The one or more destination blocks
are transferred from the host to the memory controller,
and the one or more destination blocks are stored by the
memory controller in the non-volatile memory.
[0010] In some embodiments, transferring the source
blocks includes storing the one or more source blocks in
the host memory, and compacting the one or more source
blocks includes producing the destination blocks using a
processor of the host and storing the destination blocks
in the host memory. In an embodiment, copying the valid
data includes performing a first sequence of read oper-
ations from the one or more source blocks, and then per-
forming a second sequence of write operations to the
one or more destination blocks.
[0011] In a disclosed embodiment, the information
items include a logical-to-physical address mapping, and
storing the destination blocks includes updating the log-
ical-to-physical address mapping to indicate respective
physical storage locations of the destination blocks in the
non-volatile memory. In another embodiment, transfer-
ring the one or more source blocks includes sending to
the host indications that identify the valid data, and com-
pacting the one or more source blocks includes reading
the valid data from the one or more source blocks based
on the indications. In an alternative embodiment, trans-
ferring the one or more source blocks includes sending
to the host only the valid data from the source blocks.
[0012] In another embodiment, transferring the one or
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more source blocks and the one or more destination
blocks includes sending the one or more source blocks
and the one or more destination blocks over a first phys-
ical interface that is separate from a second physical in-
terface used for exchanging memory access commands
between the memory controller and the host. Transfer-
ring the source blocks and the destination blocks may
include sending the source blocks and fetching the des-
tination blocks by the memory controller without execu-
tion of any operations by the host relating to transfer of
the source blocks and the destination blocks.
[0013] Transferring the source blocks and the destina-
tion blocks may include sending the source blocks and
the destination blocks over a common physical interface
that is also used for exchanging memory access com-
mands between the memory controller and the host. The
common physical interface may conform to a NAND in-
terface specification, a Micro-SD (mSD) interface speci-
fication, an Embedded Multi-Media Card (eMMC) inter-
face specification, a Universal Flash Storage (UFS) in-
terface specification, a Serial Advanced Technology At-
tachment (SATA) interface specification, a Universal Se-
rial Bus (USB) interface specification or a Peripheral
Component Interconnect (PCI) interface.
[0014] Transferring the source blocks and the destina-
tion blocks may include: using a hardware signal, sending
a request from the memory controller to the host to ex-
change information with the memory controller; and, re-
sponsively to the request, initiating exchange of at least
one source block or at least one destination block by the
host. Transferring the source blocks may include sending
the source blocks in responses sent from the memory
controller to the host, and transferring the destination
blocks includes sending the destination blocks in one or
more host commands sent from the host to the memory
controller.
[0015] There is additionally provided, in accordance
with an embodiment of the present invention, a data stor-
age apparatus including a first interface, a second inter-
face and a processor. The first interface is configured to
communicate with a non-volatile memory. The second
interface is configured to communicate with a host. The
processor is configured to send a request to the host to
retrieve from a host memory, information items relating
to one or more source blocks stored in the non-volatile
memory; receive the information items from the host;
read the one or more source blocks from the non-volatile
memory dependent upon the information items; transfer
the one or more source blocks from the non-volatile mem-
ory to the host, to receive, from the host, one or more
destination blocks that were produced, in the host, by
copying valid data from the one or more source blocks
into the one or more destination blocks, and to store the
one or more destination blocks in the non-volatile mem-
ory.
[0016] There is also provided a data storage apparatus
including a non-volatile memory, a host and a memory
controller. The non-volatile memory includes multiple

memory blocks. The host is configured to
receive for compaction one or more source blocks of the
non-volatile memory, and to compact the source blocks
by copying valid data from the source blocks into one or
more destination blocks. The memory controller is con-
figured to select the source blocks for compaction, to
transfer the source blocks to the host, to receive the des-
tination blocks from the host and to store the destination
blocks in the non-volatile memory.
[0017] The present invention will be more fully under-
stood from the following detailed description of the em-
bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a block diagram that schematically illustrates
a data storage system, in accordance with an em-
bodiment of the present invention;
Fig. 2 is a flow chart that schematically illustrates a
method for storing data in non-volatile memory using
host system resources, in accordance with an em-
bodiment of the present invention;
Fig. 3 is a flow chart that schematically illustrates a
method for exchanging information between a host
processor and a memory controller, in accordance
with an embodiment of the present invention; and
Fig. 4 is a flow chart that schematically illustrates a
method for host-assisted block compaction, in ac-
cordance with an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

[0019] In some data storage applications, a memory
controller is connected to a host system and stores data
for the host system in a non-volatile memory. For exam-
ple, a mobile phone or media player may store data in a
Micro-Secure Digital (mSD) card, Embedded Multi-Media
Card (eMMC) or Universal Flash Storage (UFS) device.
A personal computer may store data in a Solid State Drive
(SSD). In many cases, the host system has more hard-
ware resources (e.g., memory space and computational
power) than the internal resources of the memory con-
troller.
[0020] Embodiments of the present invention that are
described hereinbelow provide improved methods and
systems for data storage. In these methods and systems,
the memory controller uses resources of the host system
in order to improve storage performance.
[0021] In some embodiments, a memory controller
stores data for a host in a non-volatile memory, such as
Flash memory. In addition, the memory controller carries
out various memory management tasks, including com-
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paction of memory blocks of the non-volatile memory.
The compaction process is also referred to as "garbage
collection." Compaction typically involves selecting one
or more source blocks that comprise both valid data and
invalid data, and copying only the valid data from the
source blocks into one or more destination blocks in a
compact manner. The source blocks are then available
for erasure and reuse.
[0022] In some disclosed embodiments, the memory
controller selects the source blocks for compaction, and
later stores the compacted destination blocks in the non-
volatile memory, but the actual compaction process (i.e.,
copying of valid data from the source blocks to the des-
tination blocks) is performed by the host. For this pur-
pose, the memory controller and the host transfer source
and destination blocks between them.
[0023] Since the host typically has larger memory
space and higher computational power than the memory
controller, delegating the compaction process to the host
improves the compaction performance considerably. In
particular, the large memory space enables the host to
copy the valid data by performing long sequences of read
operations followed by long sequences of write opera-
tions. This sort of sequential operation improves the ef-
ficiency of the compaction process significantly.
[0024] Moreover, the large memory space enables the
host to process a large number of source and destination
blocks simultaneously, and thus optimize compaction
performance. The high computational power of the host
reduces the latency of the compaction process. Further-
more, delegating intensive management tasks to the host
enables reduction of the cost, size and power consump-
tion of the memory controller. As another benefit, since
the host performs the compaction process, it may remap
the logical addresses when sending the compacted
blocks back to the memory controller.

SYSTEM DESCRIPTION

[0025] Fig. 1 is a block diagram that schematically il-
lustrates a data storage system 20, in accordance with
an embodiment of the present invention. System 20 com-
prises a memory system 22 and a host system 24. Mem-
ory system 22 accepts data for storage from host system
24 and stores it in memory, and retrieves data from mem-
ory and provides it to the host system. In the present
example, system 22 comprises a Micro-Secure Digital
(mSD) card that stores data for a cellular phone, media
player, digital camera or other host. In alternative em-
bodiments, however, system 22 may be used in any other
suitable application and with any other suitable host sys-
tem, such as in computing devices such as mobile com-
puters that store data in SSD, in WiFi terminals or other
communication terminals, Global Positioning System
(GPS) units, removable memory modules such as Disk-
On-Key (DOK) devices, Secure Digital (SD) cards, Multi-
Media Cards (MMC) and embedded MMC (eMMC), dig-
ital cameras, music and other media players such as

Portable Media Players (PMP), and/or any other system
or device in which data is stored and retrieved.
[0026] Memory system 22 comprises multiple memory
devices 28, each comprising multiple analog memory
cells. In the present example, devices 28 comprise non-
volatile NAND Flash devices, although any other suitable
memory type, such as NOR and Charge Trap Flash
(CTF) Flash cells, phase change RAM (PRAM, also re-
ferred to as Phase Change Memory - PCM), Nitride Read
Only Memory (NROM), Ferroelectric RAM (FRAM)
and/or magnetic RAM (MRAM) can also be used.
[0027] In the context of the present patent application
and in the claims, the term "analog memory cell" is used
to describe any memory cell that holds a continuous, an-
alog value of a physical parameter, such as an electrical
voltage or charge. Any suitable type of analog memory
cells, such as the types listed above, can be used. In the
present example, each memory device 28 comprises a
non-volatile memory of NAND Flash cells. The charge
levels stored in the cells and/or the analog voltages or
currents written into and read out of the cells are referred
to herein collectively as analog values or storage values.
Although the embodiments described herein mainly ad-
dress threshold voltages, the methods and systems de-
scribed herein may be used with any other suitable kind
of storage values.
[0028] System 22 stores data in the analog memory
cells by programming the cells to assume respective
memory states, which are also referred to as program-
ming levels. The programming levels are selected from
a finite set of possible levels, and each level corresponds
to a certain nominal storage value. For example, a 2
bit/cell MLC can be programmed to assume one of four
possible programming levels by writing one of four pos-
sible nominal storage values into the cell. The memory
cells are typically arranged in rows and columns. Typi-
cally, a given memory device comprises multiple erasure
blocks (also referred to as memory blocks), i.e., groups
of memory cells that are erased together.
[0029] Each memory device 28 may comprise a pack-
aged device or an unpackaged semiconductor chip or
die. Generally, memory system 22 may comprise any
suitable number of memory devices of any desired type
and size. Although the system configuration of Fig. 1
comprises multiple memory devices, some of the meth-
ods and systems described herein can also be used in
systems having only a single memory device.
[0030] Memory system 22 comprises a memory con-
troller 32, which accepts data from host system 24 and
stores it in memory devices 28, and retrieves data from
the memory devices and provides it to the host system.
Memory controller 32 comprises a host interface 36 for
communicating with host system 24, a memory interface
40 for communicating with memory devices 28, and a
processor 44 that processes the stored and retrieved da-
ta. For example, processor 44 may encode the data for
storage with an Error Correction Code (ECC) and decode
the ECC of data read from memory. The functions of
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processor 44 can be implemented, for example, using
software running on a suitable Central Processing Unit
(CPU), using hardware (e.g., state machine or other log-
ic), or using a combination of software and hardware el-
ements.
[0031] In some embodiments, memory controller 32
uses hardware resources of host system 24 for perform-
ing memory access operations (e.g., read or write oper-
ations) that access memory devices 28. In the embodi-
ment of Fig. 1, host system 24 comprises a host proces-
sor 48 and a host memory, in the present example com-
prising a Dynamic Random Access Memory (DRAM) 52.
DRAM 52 may be used by host processor 48 for storing
data, for storing program instructions or for any other
purpose. In some embodiments, some of the storage
space in DRAM 52 is used for storing information used
by memory controller 32. In the example of Fig. 1, mem-
ory controller 32 communicates with host processor 48
(via host interface 36) using a host bus 56. In addition,
processor 44 of memory controller 32 communicates di-
rectly with DRAM 52 using a dedicated interface 60. In
alternative embodiments, memory controller 32 commu-
nicates with host processor 48 and with DRAM 52 using
host bus 56, in which case interface 60 is omitted.
[0032] Memory controller 32, and in particular proces-
sor 44, may be implemented in hardware. Alternatively,
the memory controller may comprise a microprocessor
that runs suitable software, or a combination of hardware
and software elements. In some embodiments, proces-
sor 44 comprises a general-purpose processor, which is
programmed in software to carry out the functions de-
scribed herein. The software may be downloaded to the
processor in electronic form, over a network, for example,
or it may, alternatively or additionally, be provided and/or
stored on tangible media, such as magnetic, optical, or
electronic memory.
[0033] The system configuration of Fig. 1 is an example
configuration, which is shown purely for the sake of con-
ceptual clarity. Any other suitable memory system con-
figuration can also be used. For example, in some em-
bodiments two or more memory controllers 32 may be
connected to the same host processor. Although the em-
bodiments described herein refer to DRAM, host system
24 may comprise any other suitable type of volatile and/or
non-volatile host memory. Elements that are not neces-
sary for understanding the principles of the present in-
vention, such as various interfaces, addressing circuits,
timing and sequencing circuits and debugging circuits,
have been omitted from the figure for clarity.
[0034] In the exemplary system configuration shown
in Fig. 1, memory devices 28 and memory controller 32
are implemented as separate Integrated Circuits (ICs).
In alternative embodiments, however, the memory de-
vices and the memory controller may be integrated on
separate semiconductor dies in a single Multi-Chip Pack-
age (MCP) or System on Chip (SoC), and may be inter-
connected by an internal bus. Further alternatively, some
or all of the memory controller circuitry may reside on the

same die on which one or more of the memory devices
are disposed. Further alternatively, some or all of the
functionality of memory controller 32 can be implemented
in software and carried out by host processor 48 or other
element of host system 24, or by any other type of mem-
ory controller. In some embodiments, host processor 48
and Memory controller 32 may be fabricated on the same
die, or on separate dies in the same device package.

DATA STORAGE IN NON-VOLATILE MEMORY USING 
HOST SYSTEM RESOURCES

[0035] In many practical applications, host system 24
has considerably more hardware resources than those
available internally in memory controller 32. In some mo-
bile phones, for example, memory controller 32 compris-
es a SD or eMMC controller having limited memory re-
sources and limited computational power. The host sys-
tem, on the other hand, often comprises a powerful proc-
essor and considerable DRAM storage space. In some
embodiments of the present invention, memory controller
32 uses the richer hardware resources of host system
24 for accessing memory devices 28. In the example of
Fig. 1 the hardware resource comprises host memory
(DRAM) storage space, although various other hardware
resources of the host system can also be used.
[0036] In some embodiments, storage space is as-
signed in DRAM 52 for storing information items that are
used by memory controller 32 in accessing memory de-
vices 28. In addition, the memory controller supports one
or more operations that access memory devices 28 using
the information items stored in the DRAM. The informa-
tion items may comprise, for example, storage parame-
ters and configurations, logical-to-physical address
translation tables or any other information that is useful
for the memory controller in accessing (e.g., reading, writ-
ing or erasing) the memory devices. When executing a
given operation of this sort, usually in response to a host
command, the memory controller retrieves the appropri-
ate information from DRAM 52 and then accesses mem-
ory devices 28 using the retrieved information.
[0037] In some embodiments, the information items
stored in DRAM 52 comprise storage parameters for re-
spective groups of memory cells. Information items may
be stored per memory device, per memory die, per eras-
ure block, per word line or page, or per any other suitable
group of memory cells. When preparing to access (e.g.,
read, write or erase) a given group of memory cells in
devices 28, the memory controller retrieves the storage
parameters of this memory cell group from DRAM 52,
and then accesses the memory cells in the group using
the retrieved storage parameters. Since the available
storage space in DRAM 52 is often considerably larger
than the internal storage space in processor 44, this tech-
nique enables the memory controller to better match the
storage parameters to the actual group of memory cells
being accessed. Any suitable storage parameters can
be used.
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[0038] For example, memory devices 28 may com-
prise analog memory cells (e.g., Flash cells) that are read
by comparing their storage values to certain read thresh-
olds. In these embodiments, memory controller 32 may
store read threshold values for different groups of mem-
ory cells (e.g., for different erasure blocks) in DRAM 52.
The memory controller supports a read operation, which
reads data from a certain group of memory cells in de-
vices 28 by retrieving the read threshold values applica-
ble to this group from DRAM 52, and then reading the
data from the group using the retrieved read thresholds.
[0039] As another example, the memory cells in mem-
ory devices 28 may be programmed using an iterative
Programming and Verification (P&V) process. In a typical
P&V process, an entire memory page is written by ap-
plying a sequence of programming pulses to a group of
memory cells that are mapped to this page. The level of
the programming pulses increases incrementally from
pulse to pulse. The storage values programmed in the
cells are read ("verified") after each pulse, and the itera-
tions continue until the desired levels are reached. In
some embodiments, parameters of the P&V process that
are applicable to different groups of memory cells are
stored in DRAM 52 of host system 24. The memory con-
troller supports a write operation, which stores data in a
certain group of memory cells by retrieving the corre-
sponding P&V parameters from DRAM 52, and then pro-
gramming the group of memory cells using the retrieved
P&V parameters.
[0040] P&V parameters that may be stored in DRAM
52 may comprise, for example, verification thresholds
that are used for verifying the storage values written into
the memory cells, incremental step sizes (i.e., the incre-
ment between successive programming pulses, also re-
ferred to as Incremental Step Pulse Programming -
ISPP), initial programming pulse magnitudes, and/or any
other suitable parameter.
[0041] As yet another example, the memory cells in
devices 28 may be erased and then verified against cer-
tain erase verification thresholds. In some embodiments,
the memory controller stores different erase verification
threshold values for different memory cell groups in
DRAM 52. The memory controller may support an erase
operation, which retrieves the erase verification thresh-
old values of this cell group from DRAM 52 and erases
the cell group using the retrieved thresholds.
[0042] Other examples of information items that can
be stored in DRAM 52 are indicative of the wear level or
health level of respective groups of memory cells in de-
vices 28, or other historic figures-of-merit of the memory
cells. Such information items may comprise, for example,
the number of Programming and Erasure (P/E) cycles
that each group of memory cells has gone through, or
the time that elapsed since the last programming of each
group of memory cells.
[0043] Other information items may be indicative of the
level of distortion present in each group of memory cells
in devices 28. Such parameters may comprise, for ex-

ample, an estimate of cross-coupling interference, an es-
timated drift of the cells’ storage values, or an estimated
temperature-time integral (the operating temperature in-
tegrated over time) for different groups of memory cells.
Yet another example of an information item that can be
stored in DRAM 52 comprises the index of the last page
that was stored in each erasure block. All of these infor-
mation items may be useful in determining the way the
memory cells are read and/or programmed. Example
techniques of this sort are described, for example, in PCT
International Publications WO 2007/132453, WO
2007/132457, WO 2008/026203, WO 2008/053472 and
WO 2008/111058.
[0044] In some embodiments, memory controller 32
stores data in different groups of memory cells in devices
28 using different storage configurations. For example,
the memory controller may modify the number of pro-
gramming states (programming levels) and/or the Error
Correction Code (ECC) from one memory cell group to
another. Example techniques of this sort are described,
for example, in PCT International Publication WO
2007/132456 As another example, the memory controller
may use different ECC block sizes, e.g., in order to pro-
vide different trade-offs between error correction capa-
bility and latency. In an example embodiment, the mem-
ory controller may encode some pages using 2KB blocks,
and other pages using 4KB blocks.
[0045] In some embodiments, memory controller 32
stores in DRAM 52 the storage configurations to be ap-
plied in different memory cells groups of devices 28 (e.g.,
the number of programming levels, the type of ECC
and/or the ECC block size to be used in each erasure
block, word line or page). The memory controller sup-
ports read and write operations that retrieve the storage
configuration for a given memory cell group from DRAM
52, and then read or program the cell group using the
retrieved storage configuration.
[0046] In some embodiments, the memory controller
receives from host system 24 read/write commands that
are specified using logical addresses (also referred to as
virtual addresses). The memory controller translates the
logical addresses into physical storage locations in mem-
ory devices 28, and reads or writes the data to or from
the appropriate physical storage locations. Translation
between logical addresses and physical storage loca-
tions is typically performed by querying translation tables
that are managed by the memory controller.
[0047] In some embodiments, memory controller 32
stores the mapping between logical addresses and phys-
ical storage locations in DRAM 52. The logical-physical
mapping may be represented by one or more tables, or
using any other suitable data structure. The mapping may
map logical addresses to physical storage locations,
physical storage locations to logical addresses, or both.
In these embodiments, the memory controller supports
read and write operations that translate between logical
addresses and physical storage locations by querying
the mapping stored in DRAM 52.
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[0048] For example, in response to a read command
from the host system that requests readout from a given
range of logical addresses, the memory controller may
execute a read operation that queries the mapping in
DRAM 52 so as to obtain the physical storage locations
that correspond to the requested logical addresses.
Then, the operation reads the data from these physical
storage locations in memory devices 28. A similar flow
can be defined for write operations, as well. This tech-
nique enables the memory controller to perform logical-
physical address translation with minimal internal mem-
ory and without having to store the mapping in non-vol-
atile memory devices 28. The read/write speed of system
22 is improved considerably in comparison with storing
the mapping in devices 28. The speed improvement is
particularly high when performing a large number of ran-
dom read/write operations.
[0049] Storing the logical-physical address mapping in
the host memory is particularly advantageous in memory
controller applications having limited internal memory,
such as in mSD controllers. When using this technique,
read and write operations do not involve extra read and
write operations in order to determine the appropriate
address translation and/or update the translation. As a
result, read and write throughput are increased. In addi-
tion, the number of write operations and the amount of
read disturb are reduced, and therefore the lifetime of
the non-volatile memory is extended.
[0050] In many cases, the memory cells in devices 28
suffer from interference, for example cross-coupling in-
terference from neighboring memory cells. In some em-
bodiments, memory controller 32 applies an interference
cancellation process when reading data from the memory
cells. The interference cancellation process typically es-
timates and corrects the interference in a given group of
memory cells based on the storage values or data of
other memory cells (usually neighboring memory cells)
in devices 28. Example interference cancellation tech-
niques are described in PCT International Publications
WO 2007/132453, WO 2007/132457 and WO
2008/026203, cited above.
[0051] In some embodiments, memory controller 32
retrieves the data of neighboring memory cells from
DRAM 52. The memory controller supports a read oper-
ation that reads data from a given group of memory cells
from memory devices 28, retrieves neighboring cell data
from DRAM 52, and cancels the interference in the read
data using the neighboring cell data obtained from DRAM
52. The neighboring cell data may be available in DRAM
52, for example, from the time the neighboring pages
were stored. This technique relieves the memory con-
troller from the need to read the neighboring memory
cells from memory devices 28. As a result, the overall
reading speed of system 22 can be improved.
[0052] In some embodiments, memory controller 32
uses the larger size of DRAM 52 in order to write larger
amounts of data to memory devices 28 in a sequential
manner. For example, the memory controller may sup-

port a block copyback operation that copies multiple pag-
es (e.g., an entire erasure block) from a certain source
location to a certain destination location in memory de-
vices 28. When executing this command, the memory
controller first reads the multiple pages sequentially from
the source location and caches them in DRAM 52. Then,
the memory controller reads the multiple pages from
DRAM 52 and writes them sequentially to the destination
location in memory devices 28. By reading and writing
multiple pages sequentially instead of copying one page
at a time, the duration of the copyback operation is re-
duced considerably. As another example, DRAM 52 can
be used (either by the memory controller or by the host)
to accumulate data for storage that arrives intermittently,
until a sequential block of data is produced. The memory
controller can then write the accumulated block sequen-
tially to memory devices 28.
[0053] Additionally or alternatively, memory controller
may store in DRAM 52 any other suitable information,
and then use this information in accessing memory de-
vices 28. Although the embodiments described herein
refer mainly to DRAM resources, memory controller 32
may use any other suitable hardware resource of host
system 24. Example resources are described further be-
low.
[0054] Fig. 2 is a flow chart that schematically illus-
trates a method for storing data in non-volatile memory
devices 28 by memory controller 32 using DRAM re-
sources of host system 24, in accordance with an em-
bodiment of the present invention. The method begins
by assigning storage space in DRAM 52 of host system
24 for use by memory controller 32, at a memory assign-
ment step 70. Memory controller 32 stores in DRAM 52
information items relating to respective groups of analog
memory cells of devices 28, at a DRAM storage step 74.
As explained above, the information items may comprise
storage parameters and configurations, logical-physical
address mapping and/or neighboring cell data, for exam-
ple.
[0055] At a certain point in time, memory controller 32
receives a command from host system 24, at a command
reception step 78. The command causes the memory
controller to access a given group of the analog memory
cells of devices 28. For example, the command may re-
quest storage or readout of a certain data item. In re-
sponse to the command, memory controller 32 executes
an operation that accesses memory devices 28 using the
information retrieved from DRAM 52, at an operation ex-
ecution step 82. Typically, the memory controller identi-
fies the group of analog memory cells to be accessed in
devices 28, retrieves the (one or more) information items
pertaining to this memory cell group from DRAM 52, and
accesses the memory cells in the group using the re-
trieved information.
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INTERFACES BETWEEN THE HOST SYSTEM AND 
MEMORY CONTROLLER

[0056] When carrying out the above-mentioned tech-
niques, memory controller 32 may store and read the
information in DRAM 52 using any suitable interface. In
the example of Fig. 1 above, the memory controller com-
municates directly with DRAM 52 using dedicated inter-
face 60 (i.e., using a physical interface that is separate
from the physical interface used for communication be-
tween the memory controller and the host processor). In
these embodiments, retrieving information from DRAM
52 does not involve any operation of the host processor,
since the memory controller and DRAM communicate
directly. The memory controller and/or host system com-
prise suitable arbitration logic for controlling access to
DRAM 52 by processor 44 and by processor 48.
[0057] In alternative embodiments, memory controller
32 stores and reads the information in DRAM 52 using
host bus 56 (i.e., over the same physical interface used
for communication between the memory controller and
the host processor). Host bus 56 may operate in accord-
ance with any suitable standard or protocol, such as, for
example, the NAND interface, Micro-SD (mSD) interface,
Embedded Multi-Media Card (eMMC) interface, Univer-
sal Flash Storage (UFS) interface, Serial Advanced
Technology Attachment (SATA) interface, Universal Se-
rial Bus (USB), Peripheral Component Interconnect Ex-
press (PCIe), or any other suitable interface.
[0058] The mSD interface is specified, for example, in
"SD Specifications," Part 1, Physical Layer Specification,
Version 3.01 Draft 1.00, November 9, 2009. The eMMC
interface is specified, for example, in "Embedded Multi-
MediaCard (eMMC) Mechanical Standard with Optional
Reset Signal," JEDEC Standard JESD84-C44, July,
2009. The UFS interface is specified, for example, in
"UFS Specification," version 0.1, November 11, 2009.
The SATA interface is specified, for example, in "Serial
ATA Revision 3.0," June 2, 2009. The USB interface is
specified, for example, in "Universal Serial Bus Specifi-
cation," Revision 2.0, April 27, 2000.
[0059] In the above-listed communication protocols,
the host processor is defined as a master and the memory
controller is defined as a slave. As such, the memory
controller is unable to initiate and send to the host proc-
essor commands requesting to store or retrieve informa-
tion. In some embodiments, memory controller 32 re-
quests host processor 48 to exchange information with
DRAM 52, by signaling over a hardware line between the
memory controller and the host processor. In some em-
bodiments, a dedicated hardware line may be connected
between the memory controller and host processor for
this purpose. Alternatively, the memory controller may
use an existing hardware line, such as a ready/busy line,
for indicating to the host processor that data exchange
is requested. Once the host processor receives this in-
dication, it initiates the information exchange process.
[0060] Fig. 3 is a flow chart that schematically illus-

trates a method for exchanging information between a
host processor and a memory controller, in accordance
with an embodiment of the present invention. The method
begins with memory controller 32 indicating to host proc-
essor 48 that information exchange with DRAM 52 is re-
quested, at an indication step 90. The memory controller
signals this indication over a hardware signal (e.g., dis-
crete hardware line or pin) connected between the mem-
ory controller and the host processor.
[0061] Upon receiving the indication, host processor
48 sends to memory controller 32 a message that queries
the type of requested information exchange, at a query-
ing step 94. The querying message requests the memory
controller to indicate whether it requests to read informa-
tion from the DRAM or to store information in the DRAM.
[0062] After sending the query message, host proces-
sor 48 reads from memory controller 32 data, which in-
dicates the requested type of information exchange, at
a readout step 98. For example, the data indicates wheth-
er the requested operation reads information from the
DRAM or writes information to the DRAM. The data also
indicates the range of addresses in DRAM 52 for reading
or writing the information. When the request is for storing
information in the DRAM, the data also comprises the
information to be stored.
[0063] Based on the data read from the memory con-
troller at step 98, the host processor carries out the re-
quested information exchange, at an execution step 102.
If the memory controller requested to store information
in the DRAM, the host processor stores the information
at the indicated addresses in the DRAM, and then sends
an acknowledgement message to the memory controller.
If the memory controller requested to read information
from the DRAM, the host processor reads the information
from the indicated addresses and sends the information
to the memory controller.
[0064] In alternative embodiments, the memory con-
troller may exchange information with the DRAM via the
host processor using metadata that is included in the host
commands and corresponding responses. The memory
controller may request information from the DRAM, or
send information for storage in the DRAM, by adding
metadata to responses sent to the host system (e.g., re-
sults of read commands or acknowledgement or write
commands). The host processor may send requested
information from the DRAM to the memory controller as
metadata, which is included in the read or write com-
mands that the host system sends to the memory con-
troller.
[0065] In some embodiments, the memory controller
and the host processor exchange commands and re-
sponses that comprise the applicable DRAM information.
For example, when the memory controller reads a certain
memory page, it may send the read threshold values
used in the read operation to the host processor, together
with the read results. In response, the host processor
stores the read threshold values in the DRAM. When the
host processor sends a read command to the memory

13 14 



EP 2 888 666 B1

9

5

10

15

20

25

30

35

40

45

50

55

controller, it may send the applicable read threshold val-
ues (read from the DRAM) to the memory controller as
part of the read command.
[0066] Although the embodiments described herein
mainly address the use of host DRAM, the methods and
systems described herein may utilize any other type of
host memory, such as Static RAM (SRAM). Additionally
or alternatively to assigning and using host memory, the
memory controller may use various other resources of
the host in order to access the non-volatile memory. For
example, the memory controller may use hardware logic
circuitry in the host to perform various logical operations
(e.g., XOR operations or comparisons) as part of access-
ing the non-volatile memory. As another example, the
memory controller may receive its supply voltage from
the host. In such embodiments, the host may provide a
stabilized, regulated and/or filtered supply voltage to the
memory controller, such that the memory controller can
minimize its on-chip regulation, stabilization and/or filter-
ing circuitry. As a result, the power efficiency of the mem-
ory controller can be increased and its heat dissipation
can be reduced. For example, the memory controller may
receive a regulated 1.2V supply voltage from the host,
instead of receiving a 1.8V or 3.3V supply voltage and
reducing it internally.
[0067] As yet another example, the memory controller
may invoke the host to perform interference cancellation
computations on the data read from the non-volatile
memory. In such embodiments, the host may be provided
with the read results of one or more pages read from the
non-volatile memory, as well as with the read results of
neighboring pages. The host may then cancel the inter-
ference in the read results based on the read results of
the neighboring pages, so as to produce interference-
free data.
[0068] As still another example, the host can be in-
voked to perform ECC decoding. In some embodiments,
a high-performance ECC decoder (e.g., a soft decoder)
can be implemented in the host, using the higher inherent
computational complexity of the host, and/or using ded-
icated hardware. In these embodiments, the memory
controller provides the host with code words that are read
from the non-volatile memory. The host then decodes
the ECC, so as to reconstruct the data. In an example
embodiment, the memory controller comprises a certain
ECC decoder, and the host comprises another ECC de-
coder. The decoder in the host is more complex and has
a higher error correction capability than the decoder in
the memory controller. For example, the decoder in the
memory controller may apply hard decoding, whereas
the decoder in the host may apply soft decoding. In these
embodiments, the memory controller initially attempts to
decode a given code word using its local ECC decoder.
If the initial attempt fails, the memory controller invokes
the higher-performance ECC decoder in the host to de-
code the code word.

HOST-ASSISTED BLOCK COMPACTION

[0069] In a typical Flash memory, data is written to
memory devices 28 in page units, but erasure is applied
to entire memory blocks. Data is written only to erased
pages, and it is therefore not possible to update data in-
place. Updating data involves writing the updated data
to another physical storage location in the Flash memory,
marking the previous version of the data as invalid, and
dynamically updating the logical-to-physical address
mapping that translates the logical addresses of the data
into the physical storage locations where the data is
stored.
[0070] Because of the above characteristics, the mem-
ory blocks of memory devices 28 gradually accumulate
invalid data pages, whose updated versions have been
stored in other physical storage locations. In order to re-
duce the number of invalid pages, processor 44 of mem-
ory controller 32 carries out a compaction, or "garbage
collection" process. This background process selects
one or more memory blocks (referred to as source blocks)
for compaction, copies the valid data from the selected
source blocks to other storage locations in one or more
other blocks (referred to as target blocks), and then eras-
es the source blocks. The erased blocks are then ready
for subsequent programming.
[0071] Fig. 4 is a flow chart that schematically illus-
trates a method for host-assisted block compaction, in
accordance with an embodiment of the present invention.
The method begins with processor 44 of memory con-
troller 32 selecting one or more source blocks for com-
paction, at a source block selection step 110. Each
source block typically comprises both valid data and
invalid data. The memory controller may select the
source blocks using any suitable criterion, for example it
may select the blocks having the highest amount of
invalid data.
[0072] Processor 44 transfers the selected source
blocks to host system 44, at a source transfer step 114.
Processor 44 may transfer the source blocks using any
of the interfaces and transfer schemes described above,
e.g., to host processor 48 using host bus 56, or directly
to DRAM 52 using dedicated interface 60.
[0073] In some embodiments, processor 44 also sends
to the host indications that identify the valid data, so that
the host is able to read only the valid data from the source
blocks based on the indications. Any suitable type of in-
dications may be sent, either as part of the source blocks
or separately, and the indications may be sent to the host
using any suitable interface. In alternative embodiments,
the memory controller transfers only the valid data from
the source blocks, and not the entire source blocks, to
the host. In the context of the present patent application
and in the claims, transferring only the valid data is also
regarded as transferring the source blocks for compac-
tion.
[0074] Host processor 48 compacts the source blocks,
at a compaction step 118. The host processor typically
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copies the valid data from the source blocks and stores
it in one or more destination blocks sequentially. As a
result, the valid data is stored in the destination blocks
in a compact manner while eliminating regions of invalid
data. The destination blocks are stored in DRAM 52.
[0075] The destination blocks are transferred from host
system 24 to memory controller 32, at a destination trans-
fer step 122. Transfer of the destination blocks may be
carried out using any of the interfaces and transfer
schemes described above, e.g., from host processor 48
using host bus 56, or directly from DRAM 52 using ded-
icated interface 60.
[0076] Processor 44 of memory controller 32 stores
the destination blocks in memory devices 28, at a storage
step 126. Additionally, processor 44 updates the logical-
to-physical address mapping to indicate the new physical
storage locations of the valid data. After the compaction
process is completed, processor 44 typically erases the
source blocks. These blocks are then available for new
programming.
[0077] Since DRAM 52 of the host is typically much
larger than the internal memory of memory controller 32,
performing compaction by the host is considerably more
efficient than by the memory controller. For example, be-
cause of the large memory space, host processor 48 is
able to copy the valid data by performing long sequences
of read operations (from the source blocks) followed by
long sequences of write operations (into the destination
blocks). This sort of sequential operation improves the
efficiency of the compaction process significantly.
[0078] The large memory space in DRAM 52 enables
host processor 48 to handle a large number of source
and destination blocks simultaneously, and thus optimize
the compaction performance. Moreover, the high com-
putational power of the host processor reduces the la-
tency of the compaction process.

Claims

1. A method for data storage, comprising:

in a system (20) that includes a host (24) and a
memory controller (32) that is separate from the
host and stores data for the host in a non-volatile
memory (28), allocating a portion of host mem-
ory (52) for use by the memory controller;
sending, by the memory controller (32), a re-
quest to retrieve information items relating to
one or more source blocks of the non-volatile
memory (28) from the portion of the host mem-
ory (52);
retrieving, by the host (24), from the portion of
host memory (52), the information items;
sending, by the host (24), the information items
to the memory controller (32);
reading, by the memory controller (32), the one
or more source blocks from the non-volatile

memory (28) dependent upon the information
items;
transferring from the memory controller (32) to
the host (24) the one or more source blocks;
compacting the one or more source blocks in
the host (24) by copying valid data from the one
or more source blocks into one or more desti-
nation blocks;
transferring the one or more destination blocks
from the host (24) to the memory controller (32);
and
storing the one or more destination blocks by
the memory controller (32) in the non-volatile
memory.

2. The method according to claim 1, wherein transfer-
ring the one or more source blocks comprises storing
the one or more source blocks in the host memory
(52), and wherein compacting the one or more
source blocks comprises producing the destination
blocks using a processor (48) of the host and storing
the destination blocks in the host memory (52).

3. The method according to claim 1, wherein copying
the valid data comprises performing a first sequence
of read operations from the one or more source
blocks, and then performing a second sequence of
write operations to the one or more destination
blocks.

4. The method according to claim 1, wherein the infor-
mation items include a logical-to-physical address
mapping, and wherein storing the destination blocks
comprises updating the logical-to-physical address
mapping to indicate respective physical storage lo-
cations of the destination blocks in the non-volatile
memory (28).

5. The method according to claim 1, wherein transfer-
ring the one or more source blocks comprises send-
ing to the host indications that identify the valid data,
and wherein compacting the one or more source
blocks comprises reading the valid data from the one
or more source blocks based on the indications.

6. The method according to claim 1, wherein transfer-
ring the one or more source blocks comprises send-
ing to the host (24) only the valid data from the source
blocks.

7. The method according to claim 1, wherein transfer-
ring the one or more source blocks and the one or
more destination blocks comprises sending the one
or more source blocks and the one or more destina-
tion blocks over a first physical interface that is sep-
arate from a second physical interface used for ex-
changing memory access commands between the
memory controller (32) and the host (24).
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8. A data storage apparatus, comprising:

a first interface (40), which is configured to com-
municate with a non-volatile memory (28);
a second interface (36), which is configured to
communicate with a host (24); and

characterised in that said data storage apparatus
further comprises a processor (44) configured to:

send a request to the host to retrieve from a host
memory, information items relating to one or
more source blocks stored in the non-volatile
memory;
receive the information items from the host;
read the one or more source blocks from the
non-volatile memory dependent upon the infor-
mation items;
transfer the one or more source blocks from the
non-volatile memory to the host;
receive, from the host, one or more destination
blocks that were produced, in the host, by cop-
ying valid data from the one or more source
blocks into the one or more destination blocks;
and
store the one or more destination blocks in the
non-volatile memory.

9. The apparatus according to claim 8, wherein the in-
formation items include a logical-to-physical address
mapping, and wherein the processor (44) is further
configured to update the logical-to-physical address
mapping to indicate respective physical storage lo-
cations of the destination blocks in the non-volatile
memory.

10. The apparatus according to claim 8, wherein the
processor (44) is further configured to copy the valid
data by performing a first sequence of read opera-
tions from the one or more source blocks, and then
performing a second sequence of write operations
to the one or more destination blocks.

11. The apparatus according to claim 8, wherein the
processor (44) is further configured to send to the
host indications that identify the valid data, so as to
enable the host to read the valid data from the one
or more source blocks based on the indications.

12. The apparatus according to claim 8, wherein the
processor (44) is further configured to send to the
host only the valid data from the one or more source
blocks.

13. The apparatus according to claim 8, wherein the
processor (44) is further configured to transfer the
one or more source blocks and the one or more des-
tination blocks over a first physical interface that is

separate from a second physical interface used for
exchanging memory access with the host.

14. The apparatus according to claim 8, wherein the
processor (44) is further configured to send the one
or more source blocks and fetch the destination
blocks without execution of any operations by the
host relating to transfer of the one or more source
blocks and the one or more destination blocks.

15. The apparatus according to claim 8, wherein to trans-
fer the source blocks and the destination blocks, the
processor (44) is further configured to:

using a hardware signal, send a request to the
host (24) to exchange information with the proc-
essor; and

in response to the request, initiate an exchange of
at least one source block of the one or more source
blocks or at least one destination block of the one or
more destination blocks by the host.

Patentansprüche

1. Verfahren zum Speichern von Daten, umfassend:

in einem System (20), welches einen Host (24)
und eine Speichersteuerung (32) beinhaltet,
welche getrennt von dem Host ist und Daten für
den Host in einem nichtflüchtigen Speicher (28)
speichert, Zuweisen eines Teils eines Host-
Speichers (52) für eine Verwendung durch die
Speichersteuerung;
Senden, durch die Speichersteuerung (32), ei-
ner Anfrage, um Informationselemente abzuru-
fen, welche sich auf einen oder mehrere Quel-
lenblöcke des nichtflüchtigen Speichers (28) be-
ziehen, von dem Teil des Host-Speichers (52);
Abrufen, durch den Host (24), von dem Teil des
Host-Speichers (52), der Informationselemente;
Senden, durch den Host (24), der Informations-
elemente an die Speichersteuerung (32);
Lesen, durch die Speichersteuerung (32), des
einen oder der mehreren Quellenblöcke von
dem nichtflüchtigen Speicher (28) abhängig von
den Informationselementen;
Übertragen, von der Speichersteuerung (32), zu
dem Host (24) des einen oder der mehreren
Quellenblöcke;
Verdichten des einen oder der mehreren Quel-
lenblöcke in dem Host (24) durch Kopieren von
gültigen Daten von dem einen oder den mehre-
ren Quellenblöcken in einen oder mehrere
Zielblöcke;
Übertragen des einen oder der mehreren
Zielblöcke von dem Host (24) an die Speicher-
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steuerung (32); und
Speichern des einen oder der mehreren Zielblö-
cke durch die Speichersteuerung (32) in dem
nichtflüchtigen Speicher.

2. Verfahren nach Anspruch 1, wobei das Übertragen
des einen oder der mehreren Quellenblöcke Spei-
chern des einen oder der mehreren Quellenblöcke
in dem Host-Speicher (52) umfasst, und wobei Ver-
dichten des einen oder der mehreren Quellenblöcke
Produzieren des Zielblocks unter Verwendung eines
Prozessors (48) des Hosts und Speichern des Ziel-
blocks in dem Host-Speicher (52) umfasst.

3. Verfahren nach Anspruch 1, wobei das Kopieren der
gültigen Daten Durchführen einer ersten Sequenz
von Leseoperationen von dem einen oder den meh-
reren Quellenblöcken umfasst und dann Durchfüh-
ren einer zweiten Sequenz von Schreiboperationen
zu dem einen oder den mehreren Zielblöcken um-
fasst.

4. Verfahren nach Anspruch 1, wobei die Informations-
elemente eine logisch-zu-physisch Adressabbil-
dung beinhalten und wobei Speichern der Zielblöcke
Aktualisieren der logisch-zu-physisch Adressabbil-
dung umfasst, um jeweilige physische Speicherorte
der Zielblöcke in dem nichtflüchtigen Speicher (28)
anzugeben.

5. Verfahren nach Anspruch 1, wobei das Übertragen
des einen oder der mehreren Quellenblöcke Senden
an den Host von Angaben, welche die gültigen Daten
identifizieren, umfasst und wobei das Verdichten des
einen oder der mehreren Quellenblöcke Lesen der
gültigen Daten von dem einen oder den mehreren
Quellenblöcken basierend auf den Angaben um-
fasst.

6. Verfahren nach Anspruch 1, wobei das Übertragen
des einen oder der mehreren Blöcke Senden an den
Host (24) von nur den gültigen Daten der Quellen-
blöcke umfasst.

7. Verfahren nach Anspruch 1, wobei das Übertragen
des einen oder der mehreren Quellenblöcke und des
einen oder der mehreren Zielblöcke Senden des ei-
nen oder der mehreren Quellenblöcke und des einen
oder der mehreren Zielblöcke über eine erste phy-
sische Schnittstelle umfasst, welche getrennt von ei-
ner zweiten physischen Schnittstelle ist, welche zum
Austauschen von Speicherzugriffsbefehlen zwi-
schen der Speichersteuerung (32) und dem Host
(24) verwendet wird.

8. Datenspeichervorrichtung umfassend:

eine erste Schnittstelle (40), welche konfiguriert

ist, um mit einem nichtflüchtigen Speicher (28)
zu kommunizieren;
eine zweite Schnittstelle (36), welche konfigu-
riert ist, um mit einem Host (24) zu kommunizie-
ren; und

dadurch gekennzeichnet, dass die Datenspei-
chervorrichtung ferner einen Prozessor (44) um-
fasst, der konfiguriert ist zum:

Senden einer Anfrage an den Host, um Informa-
tionselemente von einem Host-Speicher abzu-
rufen, welche sich auf einen oder mehrere Quel-
lenblöcke beziehen, die in dem nichtflüchtigen
Speicher gespeichert sind;
Empfangen der Informationselemente von dem
Host;
Lesen des einen oder der mehreren Quellenblö-
cke von dem nichtflüchtigen Speicher abhängig
von den Informationselementen;
Übertragen des einen oder der mehreren Quel-
lenblöcke von dem nichtflüchtigen Speicher zu
dem Host;
Empfangen, von dem Host, eines oder mehrerer
Zielblöcke, welche in dem Host produziert wur-
den durch Kopieren von gültigen Daten von dem
einen oder den mehreren Quellenblöcken in den
einen oder die mehreren Zielblöcke; und
Speichern des einen oder der mehreren Zielblö-
cke in dem nichtflüchtigen Speicher.

9. Vorrichtung nach Anspruch 8, wobei die Informati-
onselemente eine logisch-zu-physisch Adressabbil-
dung beinhalten und wobei der Prozessor (44) ferner
konfiguriert ist zum Aktualisieren der logisch-zu-phy-
sisch Adressabbildung, um jeweilige Speicherorte
der Zielblöcke in dem nichtflüchtigen Speicher an-
zugeben.

10. Vorrichtung nach Anspruch 8, wobei der Prozessor
(44) ferner konfiguriert ist zum Kopieren der gültigen
Daten durch Durchführen einer ersten Sequenz von
Leseoperationen von dem einen oder den mehreren
Quellenblöcken und dann Durchführen einer zwei-
ten Sequenz von Schreiboperationen zu dem einen
oder den mehreren Zielblöcken.

11. Vorrichtung nach Anspruch 8, wobei der Prozessor
(44) ferner konfiguriert ist zum Senden an den Host
von Angaben, welche die gültigen Daten identifizie-
ren, um so dem Host zu ermöglichen, die gültigen
Daten von dem einen oder den mehreren Quellen-
blöcken basierend auf den Angaben zu lesen.

12. Vorrichtung nach Anspruch 8, wobei der Prozessor
(44) ferner konfiguriert ist zum Senden an den Host
von nur den gültigen Daten von dem einen oder den
mehreren Quellenblöcken.
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13. Vorrichtung nach Anspruch 8, wobei der Prozessor
(44) ferner konfiguriert ist zum Übertragen des einen
oder der mehreren Quellenblöcke und des einen
oder der mehreren Zielblöcke über eine erste phy-
sische Schnittstelle, welche getrennt von einer zwei-
ten physischen Schnittstelle ist, die verwendet wird
zum Austauschen von Speicherzugriff mit dem Host.

14. Vorrichtung nach Anspruch 8, wobei der Prozessor
(44) ferner konfiguriert ist zum Senden des einen
oder der mehreren Quellenblöcke und zum Abrufen
der Zielblöcke ohne Ausführung von irgendeiner
Operation durch den Host, welche sich auf die Über-
tragung des einen oder der mehreren Quellenblöcke
und des einen oder der mehreren Zielblöcke bezieht.

15. Vorrichtung nach Anspruch 8, wobei der Prozessor
(44), um die Quellenblöcke und die Zielblöcke zu
übertragen, ferner eingerichtet ist zum:

unter Verwendung eines Hardwaresignals,
Senden einer Anfrage an den Host (24), um In-
formationen mit dem Prozessor auszutauschen;
und

in Antwort auf die Anfrage, Initiieren eines Austau-
sches von zumindest einem Quellenblock des einen
oder der mehreren Quellenblöcke oder von zumin-
dest einem Zielblock des einen oder der mehreren
Zielblöcken durch den Host.

Revendications

1. Procédé de stockage de données, comprenant :

dans un système (20) qui comporte un hôte (24)
et un dispositif de commande de mémoire (32)
qui est séparé de l’hôte et stocke des données
pour l’hôte dans une mémoire non volatile (28),
l’allocation d’une partie de la mémoire de l’hôte
(52) pour être utilisée par le dispositif de com-
mande de mémoire ;
l’envoi, par le dispositif de commande de mé-
moire (32), d’une demande pour extraire des
éléments d’information relatifs à un ou plusieurs
blocs sources de la mémoire non-volatile (28)
depuis la partie de la mémoire de l’hôte (52) ;
l’extraction, par l’hôte (24), depuis la partie de
la mémoire de l’hôte (52), des éléments
d’information ;
l’envoi par l’hôte (24), des éléments d’informa-
tion vers le dispositif de commande de mémoire
(32) ;
la lecture par le dispositif de commande de mé-
moire (32), d’un ou plusieurs blocks sources de-
puis la mémoire non volatile (28) en fonction des
éléments d’information ;

le transfert depuis la mémoire du dispositif de
commande (32) vers l’hôte (24) d’un ou plu-
sieurs blocs sources ;
le compactage d’un ou plusieurs blocs sources
dans l’hôte (24) en copiant des données valides
depuis un ou plusieurs blocs sources dans un
ou plusieurs blocs de destination ;
le transfert d’un ou plusieurs blocs de destina-
tion depuis l’hôte (24) vers le dispositif de com-
mande de mémoire (32) ; et
le stockage d’un ou plusieurs blocs de destina-
tion par le dispositif de commande de mémoire
(32) dans la mémoire non volatile.

2. Procédé selon la revendication 1, dans lequel le
transfert d’un ou plusieurs blocs sources comprend
le stockage d’un ou plusieurs blocs sources dans la
mémoire de l’hôte (52), et dans lequel le compactage
d’un ou plusieurs blocs sources comprend la pro-
duction de blocs de destination à l’aide d’un proces-
seur (48) de l’hôte et le stockage des blocs de des-
tination dans la mémoire de l’hôte (52).

3. Procédé selon la revendication 1, dans lequel la co-
pie des données valides comprend l’exécution d’une
première séquence d’opérations de lecture depuis
un ou plusieurs blocks sources, et l’exécution pos-
térieure d’une deuxième séquence d’opérations
d’écriture sur un ou plusieurs des blocs de destina-
tion.

4. Procédé selon la revendication 1, dans lequel les
éléments d’information comportent un mappage
d’adresses logiques/physiques, et dans lequel le
stockage des blocs de destination comprend la mise
à jour du mappage d’adresses logiques/physiques
pour indiquer des emplacements de stockage phy-
sique respectifs des blocs de destination dans la mé-
moire non volatile (28).

5. Procédé selon la revendication 1, dans lequel le
transfert d’un ou plusieurs blocs sources comprend
l’envoi vers l’hôte d’indications qui identifient les don-
nées valides, et dans lequel le compactage d’un ou
plusieurs blocs sources comprend la lecture des
données valides depuis un ou plusieurs blocs sour-
ces sur la base des indications.

6. Procédé selon la revendication 1, dans lequel le
transfert d’un ou plusieurs blocs sources comprend
l’envoi vers l’hôte (24) uniquement des données va-
lides depuis les blocs sources.

7. Procédé selon la revendication 1, dans lequel le
transfert d’un ou plusieurs blocs sources et d’un ou
plusieurs blocs de destination comprend l’envoi d’un
ou plusieurs blocs sources et d’un ou plusieurs blocs
de destination sur une première interface physique
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qui est séparée d’une deuxième interface physique
utilisée pour échanger des commandes d’accès à
une mémoire entre le dispositif de commande de
mémoire (32) et l’hôte (24).

8. Appareil de stockage de données, comprenant :

une première interface (40), qui est configurée
pour communiquer avec une mémoire non vo-
latile (28) ;
une seconde interface (36), qui est configurée
pour communiquer avec un hôte (24) ; et

caractérisé en ce que ledit appareil de stockage de
données comprend en outre un processeur (44) con-
figuré pour :

envoyer une demande à l’hôte pour extraire de-
puis une mémoire de l’hôte, des éléments d’in-
formation relatifs à un ou plusieurs blocs sour-
ces stockés dans la mémoire non volatile ;
recevoir les éléments d’information de l’hôte ;
lire un ou plusieurs blocs sources depuis la mé-
moire non volatile en fonction des éléments
d’information ;
transférer un ou plusieurs blocs sources depuis
la mémoire non volatile vers l’hôte ;
recevoir, depuis l’hôte, un ou plusieurs blocs de
destination qui ont été produits, dans l’hôte, en
copiant des données valides depuis un ou plu-
sieurs blocs sources dans un ou plusieurs blocs
de destination ; et
stocker un ou plusieurs blocs de destination
dans la mémoire non volatile.

9. Appareil selon la revendication 8, dans lequel les
éléments d’information comportent un mappage
d’adresses logiques/physiques, et dans lequel le
processeur (44) est configuré en outre pour mettre
à jour le mappage d’adresses logiques/physiques
pour indiquer des emplacements de stockage phy-
sique respectifs des blocs de destination dans la mé-
moire non volatile.

10. Appareil selon la revendication 8, dans lequel le pro-
cesseur (44) est configuré en outre pour copier les
données valides par l’exécution d’une première sé-
quence d’opérations de lecture depuis un ou plu-
sieurs blocs sources, et l’exécution postérieure
d’une seconde séquence d’opérations d’écriture sur
un ou plusieurs blocs de destination.

11. Appareil selon la revendication 8, dans lequel le pro-
cesseur (44) est configuré en outre pour envoyer
vers l’hôte des indications qui identifient les données
valides, de sorte à permettre à l’hôte de lire les don-
nées valides depuis un ou plusieurs blocs sources
sur la base des indications.

12. Appareil selon la revendication 8, dans lequel le pro-
cesseur (44) est configuré en outre pour envoyer
vers l’hôte uniquement les données valides depuis
un ou plusieurs blocs sources.

13. Appareil selon la revendication 8, dans lequel le pro-
cesseur (44) est configuré en outre pour transférer
un ou plusieurs blocs sources et un ou plusieurs
blocs de destination sur une première interface phy-
sique qui est séparée d’une deuxième interface phy-
sique utilisée pour échanger un accès à la mémoire
avec l’hôte.

14. Appareil selon la revendication 8, dans lequel le pro-
cesseur (44) est configuré en outre pour envoyer un
ou plusieurs blocs sources et pour récupérer les
blocs de destination sans que l’hôte exécute aucune
opération relative au transfert d’un ou plusieurs blocs
sources et d’un ou plusieurs blocs de destination.

15. Appareil selon la revendication 8, dans lequel pour
transférer les blocs sources et les blocs de destina-
tion, le processeur (44) est configuré en outre pour :

utiliser un signal de matériel, envoyer une de-
mande à l’hôte (24) pour échanger des informa-
tions avec le processeur ; et

en réponse à la demande, commencer un échange
d’au moins un bloc source d’un ou plusieurs blocs
sources ou d’au moins un bloc de destination d’un
ou plusieurs blocs de destination par l’hôte.
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