WO 2017/123413 PCT/US2016/068834

APPARATUSES AND METHODS FOR CONCURRENTLY ACCESSING
MULTIPLE PARTITIONS OF A NON-VOLATILE MEMORY

BACKGROUND

[001] Memories may be provided in a variety of apparatuses, such as computers or
other devices, including but not limited to portable storage devices, solid state
drives, music players, cameras, phones, wireless devices, displays, chip sets, set top
boxes, gaming systems, vehicles, and appliances. There are many different types of
memory including volatile memory (e.g., dynamic random access memory
(DRAM)) and non-volatile memory (e.g., flash memory, phase change memory,
etc.).

[002] In non-volatile memories, memory arrays may be divided into partitions.
Dividing a memory into partitions may break up rows or columns into smaller
sections for accessing during memory access operations. However, current memory

architectures may allow access to only a single partition of the memory at a time.

SUMMARY

[003] Apparatuses and methods for performing multithread, concurrent access of
different partition of a memory are disclosed herein. In one aspect of the disclosure,
an apparatus may include a non-volatile memory array comprising a plurality of
partitions. Each of the plurality of partitions may include a respective plurality of
memory cells. The apparatus may further include a plurality of local controllers that
are each configured to independently and concurrently access a respective one of
the plurality of partitions to execute a respective memory access command of a
plurality of memory access commands responsive to receiving the respective
memory access command. The example apparatus may further include a controller
configured to receive the plurality of memory access commands and to determine a
respective target partition of the plurality of partitions for each of the plurality of
memory access commands. The controller may be further configured to provide
each of the plurality of memory access commands to a local controller of the
plurality of local controllers associated with the respective target partition.

[004] In another aspect, an apparatus includes a non-volatile memory and a memory
controller. The non-volatile memory includes a plurality of partitions and a

plurality of local controllers, wherein each of the plurality of local controllers is
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configured to independently access a respective one of the plurality of partitions,
wherein each of the plurality of partitions comprises a respective plurality of
memory cells. The memory controller is configured to provide memory access
commands to the non-volatile memory according to separation timing rules for the
memory access commands, wherein the memory controller provides a first memory
access command of a first type to a first partition of the plurality of
partitions. Responsive to providing a second memory access command of the first
type to the first partition of the plurality of partitions, the memory controller is
configured to provide the second memory access command a minimum of a first
time after the first memory access command. Responsive to providing the second
memory access command of the first type to a second partition of the plurality of
partitions, the memory controller is configured to provide the second memory
access command a minimum of a second time after the first memory access
command.

[005] In another aspect, a method includes receiving a first memory access command
and a second memory access command at a controller of a non-volatile memory and
determining a first target partition of the non-volatile memory for the first memory
access command and a second target partition of the non-volatile memory for the
second memory access command. The method further includes providing the first
memory access command to a first local controller of the non-volatile memory
coupled to the first target partition and the second memory access command to a
second local controller of the non-volatile memory coupled to the second target
partition, executing a memory access of the first target partition associated with the
first memory access command, and concurrent with execution of the memory
access of the first partition, executing a memory access of the second target
partition associated with the second memory access command.

[006] In another aspect, a method includes providing a first memory access command
to a non-volatile memory and determining whether time elapsed since providing the
first memory access command satisfies a separation timing rule associated with a
second memory access command and the first memory access command, wherein
the separation timing rule is based on a first target partition of the non-volatile
memory associated with the first memory access command a second target partition

of the non-volatile memory associated with the second memory access
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command. The method further includes, responsive to the separation timing rule
being met, providing the second memory access command to the non-volatile

memory.

BRIEF DESCRIPTION OF THE DRAWINGS

[007]  Figure 1 is a block diagram of an apparatus including a memory according to an
embodiment of the present disclosure.

[008] Figure 2 is a block diagram of memory according to an embodiment of the
present disclosure.

[009] Figure 3 is a block diagram of memory according to an embodiment of the
present disclosure.

[010] Figure 4 is a separation timing rule lookup table according to an embodiment of

the present disclosure.

DETAILED DESCRIPTION

[011] Apparatuses and methods for multithread, concurrent access of multiple
partitions of a memory are disclosed herein. Certain details are set forth below to
provide a sufficient understanding of embodiments of the disclosure. However, it will
be clear to one having skill in the art that embodiments of the disclosure may be
practiced without these particular details. Moreover, the particular embodiments of the
present disclosure described herein are provided by way of example and should not be
used to limit the scope of the disclosure to these particular embodiments. In other
instances, well-known circuits, control signals, timing protocols, and software
operations have not been shown in detail in order to avoid unnecessarily obscuring the
disclosure.

[012] Figure 1 is a block diagram of an apparatus 100 (e.g., an integrated circuit, a
memory device, a memory system, an electronic device or system, a smart phone, a
tablet, a computer, a server, etc.) including a memory 150 according to an embodiment
of the present disclosure. The memory 150 is configured to perform multithread,
concurrent access of multiple partitions. The apparatus 100 may include a controller
110 coupled to a memory 150 via a command, address, and data (CAD) bus 130. The

memory 150 may be configured to receive commands and/or addresses from the
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controller 110 over the CAD bus 130, and the memory may be configured to receive
data and/or provide data over the CAD bus 130.

[013] In some examples, the memory 150 may be a non-volatile memory. Examples
of non-volatile memory include NANE flash, NOR flash, PCM, PCMS, 3D cross point
memory, PRAM, stacked memory, OUM, OUMS, eic. The memory 150 may include
an array of cells orgamized across multiple memory partitions. The memory partitions
may be divided into blocks, with each block having multiple memory cell pages. Each
page may include memory cells that are coupled to access lines. The memory 150 may
be configured to perform multithread, concurrent access of two or more partitions. The
memory 150 may include control circuitry (e.g., local controllers and data buffers) that
is configured to independently access individual partitions concurrently. For example,
the memory 150 may include an internal controller that receives memory access
commands (e.g., command, address, and data information) from the CAD bus 130, and
provides the command and address information to a local controller associated with a
target partition. The local controller may also send the data associated with the memory
access command to a data buffer associated with the target partition. The internal
controller may be configured to initiate the memory access command while a
previously received memory access command continues to be executed. Thus, memory
access commands may be executed in two or more different partitions concurrently.

[014]  Typically, a memory must complete processing of a memory access command
prior to processing a subsequent memory access command. As previously discussed,
the memory 150 may be divided into multiple partitions with associated control
circuitry (e.g., local controllers and data buffers). Thus, during operation, the memory
150 may be configured to receive and concurrently process multiple memory access
command threads from the controller 110 by leveraging the multiple partitions and
control circuitry. For example, the controller 110 may provide a first memory access
command (e.g., first command, first address, and/or first data) directed to a first
partition of the memory 150 via the CAD bus 130. The first memory access command
may include a read command and address, a write command, address, and write data, or
other memory access command, for example. The memory 150 may receive and begin
processing the first memory access command. As the first memory command is being
processed at the first partition of the memory 150, the controller 110 may issue a

second memory access command directed to a second partition of the memory 150 via
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the CAD bus 130. The memory 150 may begin processing the second memory access
command at the second partition concurrently with processing of the first memory
access command by the first partition.

[015]  The internal controller of the memory 150 may determine a target partition of
the memory 150 and provide the memory access command information to the control
circuitry associated with the target partition. In some embodiments, the internal
controller of the memory 150 may use the address associated with the first memory
access command to determine the target partition. Thus, in an example, the internal
controller may provide the first memory access command to a first local controller
associated with the first partition to execute the first memory access command. Further,
the intemnal controller may provide the second memory access command to a second
local controller associated with the second partition to execute the second memory
access command. If either or both of the first or second memory access commands are
write commands, the internal controller may provide associated data to the first or
second data buffer, respectively.

[016] To avoid collisions on the respective data/command buses or corrupting data in
the respective data buffers or the local controllers, the controller 110 may implement
timing rules that govern separation timing between memory access commands. The
timing may be based on a type of memory access command (e.g., read vs. write) for a
current and a previous command, as well as a target partition for each. For example, a
separation timing rule for consecutive read commands directed to different partitions
may be different than a separation timing rule for a read command to a second partition
that follows a write command to a first partition.

[017] By complying with timing separation rules for memory access commands, and
including control circuitry in the memory 150 that facilitates multiple concurrent
memory access threads, data throughput can be increased as compared with a memory
that is only capable of processing a single memory access command at a time.

[018]  Figure 2 illustrates an apparatus that includes a memory device 200 according to
an embodiment of the present invention. The memory device 200 includes a memory
array 280 with a plurality of memory cells that are configured to store data. The
memory cells may be accessed in the array through the use of various signal lines, word
lines (WLs) and/or bit lines (BLs). The memory cells may be non-volatile memory

cells, such as NAND or NOR flash cells, phase change memory cells, or may generally
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be any type of memory cells. The memory cells of the memory array 280 can be
arranged in a memory array architecture. For example, in one embodiment, the memory
cells are arranged in a 3D cross-point architecture. In other embodiments, other
memory array architectures may be used, for example, a single-level cross-point
architecture, among others. The memory cells may be single level cells configured to
store data for one bit of data. The memory cells may also be multi-level cells
configured to store data for more than one bit of data. The memory 200 may be
implemented in the memory 150 of Figure 1. In some examples, the array 280 may be
divided into a plurality of partitions.

[019] A data strobe signal DQS may be transmitted through a data strobe bus (not
shown). The DQS signal may be used to provide timing information for the transfer of
data to the memory device 200 or from the memory device 200. The I/O bus 228 is
connected to an internal controller 260 that routes data signals, address information
signals, and other signals between the 1/O bus 228 and an internal data bus 222 and/or
an internal address bus 224. The internal address bus 224 may be provided address
information by the intemal controller 260. The internal address bus 224 may provide
block-row address signals to a row decoder 240 and column address signals to a
column decoder 250. The row decoder 240 and column decoder 250 may be used to
select blocks of memory cells for memory operations, for example, read and write
operations. The row decoder 240 and/or the column decoder 250 may include one or
more signal line drivers configured to provide a biasing signal to one or more of the
signal lines in the memory array 280. The I/O control circuit 220 include a status
register that is configured to store status bits responsive to a read status command
provided to the memory device 200. The status bits may have respective values to
indicate a status condition of various aspects of the memory and its operation. The
internal controller 260 may update the status bits as status conditions change.

[020] The internal controller 260 may also receive a number of control signals 238,
either externally or internally to control the operation of the memory device 200. The
control signals 238 and the I/O bus 228 may be received on a combined a command,
address, and data bus, such as the CAD bus 130 of Figure 1. The control signals 238
may be implemented with any appropriate interface protocol. For example, the control
signals 238 may be pin based, as is common in dynamic random access memory and

flash memory (e.g., NAND flash), or op-code based. Example control signals 238
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include clock signals, read/write signals, clock enable signals, etc. The internal
controller 260 may initiate multiple, concurrent memory access threads to different
partitions of the array 280 using the row decoder 240, the column decoder 250, and the
data I/O circuit 270, that are capable of independently accessing individual partitions in
parallel. For example, the internal controller 260 may sequentially receive memory
access commands (e.g., command, address, and/or data information), and may provide
(e.g., send) signals to the column decoder 250, the row decoder 240, and the data I/O
circuit 270 to initiate execution of the sequentially received memory access commands.
In some embodiments, the timing of provision of the signals associated with the
memory access commands to the column decoder 250, the row decoder 240, and the
data I/O circuit 270 may be based on the type of memory access command and based
on whether the target partition is currently executing a memory access command
operation.

[021]  The intemnal controller 260 may include a command register store information
received by the internal controller 260. The internal controller 260 may be configured
to provide internal control signals to various circuits of the memory device 200. For
example, responsive to receiving a memory access command (e.g., read, write), the
internal controller 260 may provide internal control signals to control various memory
access circuits to perform a memory access operation. The various memory access
circuits are used during the memory access operation, and may generally include
circuits such as row and column decoders, charge pump circuits, signal line drivers,
data and cache registers, I/O circuits, as well as others.

[022]  The data I/O circuit 270 includes one or more circuits configured to facilitate
data transfer between the internal controller 260 and the memory array 280 based on
signals received from the internal controller 260. In various embodiments, the data I/O
circuit 270 may include one or more registers, buffers, and other circuits for managing
data transfer between the memory array 280 and the internal controller 260. In an
embodiment, the data 1/O circuit 270 may include separate data buffers for each
partition of the memory array 280. In an example write operation, the internal
controller 260 receives the data to be written through the 1I/0 bus 228 and provides the
data to the data I/O circuit 270 via the internal data bus 222. The data I/O circuit 270
writes the data to the memory array 280 based on control signals provided by the

internal controller 260 at a location specified by the row decoder 240 and the column
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decoder 250. During a read operation, the data I/O circuit 270 reads data from the
memory array 280 based on control signals provided by the internal controller 260 at an
address specified by the row decoder 240 and the column decoder 250. The data I/O
circuit 270 provides the read data to the internal controller 260 via the internal data bus
222. The internal controller 260 then provides the read data on the I/O bus 228. In some
examples, for each partition of the array 280, the data 1/O circuit 270 may include
independently controlled data buffers that may be used to independently receive data
from or provide data to a respective partition of the array 280.

[023]  Figure 3 illustrates a portion of a memory 300 configured to concurrently access
multiple memory partitions according to an embodiment of the present disclosure. The
memory 300 includes an internal controller 360 to process received memory access
commands from an external controller (e.g., the controller 110 of Figure 1) and a
memory array including a plurality of partitions 372(0)-372(N). Each of the partitions
372(0)-372(N) may include a respective plurality of memory cells. The partitions
372(0)-372(N) may each be coupled to a respective local controller 374(0)-374(N) and
to respective data buffers 376(0)-376(N) to facilitate multithread, concurrent access of
different partitions 372(0)-372(N). The value of “N” may be a positive, non-zero
number. The memory 300 may be implemented in the memory 150 of Figure 1 and/or
the memory 200 of Figure 2. The memory cells may be non-volatile memory cells, or
may generally be any type of memory cells.

[024]  The internal controller 360 may include a data 1/O interface 362 coupled to a
data block 364 and a command/address interface 366 coupled to a command UI block
368. The data I/0 interface 362 may provide data received from the external controller
(e.g., responsive to a write access command) to the data block 364, and may provide
data received from the data block 364 (e.g., responsive to a read access command) to
the external controller. The data block 364 may provide data to (e.g., write memory
access) and receive data from (e.g., read memory access) to data buffers 376(0)-376(N)
via a data bus 390 responsive to control signals from the command UI block 368.

[025] The command/address interface 366 may provide command and address
information received from the external controller to the command UI block 368. The
command UI block 368 may determine a target partition of the partitions

372(0)-372(N) and provide the received command and address information to the
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374(0)-374(N) associated with the target partition 372(0)-372(N) via a
command/address bus 380.

[026] The partitions 372(0)-372(N) may each be independently accessible during
memory access operations by the local controllers 374(0)-374(N). For example, during
memory access operations, partition 372(0) may be accessed independently of partition
372(1). Each of the partitions 372(0)-372(N) may be coupled to a respective local
controller 374(0)-374(N) that is configured to perform the memory access of the
respective partition 372(0)-372(N). Each of the local controllers 374(0)-374(N) may
include respective sense amplifiers, sequencers (e.g., that access and execute algorithms
based on the type of memory access), and driver circuits (e.g., voltage or current driver
circuits) to perform memory access operations, such as read accesses or write accesses.
The sense amplifiers may be configured to sense data during execution of the memory
access command. The sequencers may be configured to execute the algorithm
associated with thee memory access command. The driver circuits may be configured
to drive voltages along access lines of the partition. Each partition 372(0)-372(N) may
also be coupled to a respective data buffer 376(0)-376(N). The data buffers
376(0)-376(N) may be configured to provide data to or receive data from the respective
partition 372(0)-372(N). The data buffers 376(0)-376(N) may be controlled by the
internal controller 360 or the respective local controllers 374(0)-374(N). Data received
from the respective memory partition 372(0)-372(N) may be latched at the data buffers
376(0)-376(N), respectively. The data latched by the respective data buffers
376(0)-376(N) may be provided to the data block 364 via the internal data bus.

[027]  In operation, the internal controller 360 may receive a memory access command
(e.g., command and address information) via a command and address bus (not shown),
and may receive data via a data bus (not shown). The intermal controller 360 may
determine a respective target partition of the partitions 372(0)-372(N) for each memory
access command (e.g., based at least in part on the address information associated with
each respective memory access command), and may provide each memory access
command to a respective local controller 374(0)-374(N) associated with the target
partition. The internal controller 360 may also provide the data to the data buffer
376(0)-376(N) associated with the target partition during a write operation, and may
receive data from the data buffers 376(0)-376(N) during a read operation.
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[028] More specifically, the command/address interface 366 may receive the
command and address information from an external command and address bus, and
may provide the received command and address information to the command UI block
368. The command UI block 368 may determine a target partition 372(0)-372(N) and a
command type. The command UI block 368 may provide the command and address
information to the local controller 374(0)-374(N) via the command and address bus 380
based on the target partition 372(0)-372(N). In some embodiments, the timing of
provision of the command and address information to the local controller
374(0)-374(N) may be based on the command type and/or whether the local controller
374(0)-374(N) is currently executing a memory access command. The command UI
block 368 may also provide a control signal to the data block 364 based on the
command type to instruct the data block 364 to retrieve data from the data I/O interface
362 and provide the data to one of the data buffers 376(0)-376(N) via the data bus (e.g.,
write access) or to retrieve data from one of the data buffers 376(0)-376(N) via the data
bus and provide the retrieved data to the data I/O interface 362 (e.g., read access).

[029] During a write operation, the local controllers 374(0)-374(N) may employ
drivers and sequencers to write data from the associated data buffer 376(0)-376(N) to
the associated partition 372(0)-372(N).

[030] During a read operation, the local controllers 374(0)-374(N) may employ sense
amplifiers, drivers, and sequencers to read data from the associated partition
372(0)-372(N) and latch the data read at the associated data buffer 376(0)-376(N). Each
of the local controllers 374(0)-374(N) may be configured to operate independently of
each other to access the associated partition 372(0)-372(N). Thus, the individual
partitions 372(0)-372(N) may be concurrently accessed without interfering with access
of another partition 372(0)-372(N), which may improve throughput and efficiency as
compared with a memory that is limited to accessing a single partition at a given time.

[031]  As previously discussed, separation timing rules may be used to avoid collisions
on the respective data/command buses or corrupting data in the respective data buffers
or the local controllers. Correct operation and execution of the memory access
commands are managed by complying with the separation timing rules. As further
previously discussed, the timing of the separation timing rules may be based on a type
of memory access command (e.g., read vs. write) for a current and a previous

command, as well as a target partition for each.
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[032] Figure 4 provides a table depicting exemplary timing rules. For example, a
Read to Read command to the same partition may have an X1 ns separation rule, and a
Read to Read command to different partitions may have an X2 ns separation rule. In a
specific example, a first Read command to a first partition is received by the memory
and handled accordingly by the local controller associated with the first partition. The
soonest a second Read command to the first partition may be provided to the memory is
X1 ns. Providing a second Read command to the first partition before X1 ns relative to
the first Read command will cause an error in the data read during the operation for the
first Read command. If, however, the second Read command is to a different partition,
the soonest the second Read command to the first partition may be provided to the
memory is X2 ns. In contrast, if a first Write command to the first partition is to be
provided following the first Read command to the first partition, the soonest the first
Write command to the first partition may be provided following the first Read
command to the first partition is X5 ns. The time X5 may be different from times X2
and X1. In some embodiments, the time X5 may be equal to X2 and/or X1. The timing
variables X1-X8 are exemplary, and are not intended to have a multiple relationship,
such as time X2 being twice as long as time X1 or time X8 being eight times as long as
time X1. Generally, multiple operations directed to the same partition have longer
separation timing than multiple operations directed to different partitions. In some
examples, some of the times X1-X8 have the same value and in other embodiments, the
times X1-X8 may all be different.

[033] Each separation rule must be met by the controller 110 in order for a memory
access command to be received and properly performed by the memory. For example,
the controller 110 may send a first read command to a first partition and a second read
command to a second partition. Before the controller 110 can send a first write
command to the first partition, the timing separation rule for the first read command to
the first partition should be met and the timing separation rule for the second read
command to the second partition should be met as well before sending the first write
command to the first partition. If both timing separation rules are met, the controller
may send the first write command to the memory 150. The timing separation rules may
be based, for example, on architecture and latency characteristics of the memory 150

for each memory access command type.

11
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[034] From the foregoing it will be appreciated that, although specific embodiments of
the disclosure have been described herein for purposes of illustration, various
modifications may be made without deviating from the spirit and scope of the

disclosure. Accordingly, the disclosure is not limited except as by the appended claims.
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CLAIMS

1. An apparatus, comprising:

a non-volatile memory array comprising a plurality of partitions, wherein each of the
plurality of partitions comprises a respective plurality of memory cells;

a plurality of local controllers, wherein each of the plurality of local controllers is
configured to independently and concurrently access a respective one of the plurality of partitions
to execute a respective memory access command of a plurality of memory access commands
responsive to receiving the respective memory access command; and

a controller configured to provide the plurality of memory access commands according to
separation timing rules for the memory access commands and to determine a respective target
partition of the plurality of partitions for each of the plurality of memory access commands, the
controller further configured to provide each of the plurality of memory access commands to a
local controller of the plurality of local controllers associated with the respective target partition;

wherein the controller is further configured to send a first memory access command of a
first type to a first target partition via a respective local controller associated with the first target
partition when:

a memory access command preceding the first memory access command is a
second type different from the first type and is sent by the controller to the first target
partition via the respective local controller associated with the first target partition, and

at least a first minimum timing between the first memory access command and the
memory access command preceding the first memory access command is met;
wherein the controller is further configured to send a second memory access command of

the second type to the first target partition via the respective local controller associated with the
first target partition when:

a memory access command preceding the second memory access command is the
first type and is sent by the controller to the first target partition via the respective local
controller associated with the first target partition, and

at least a second minimum timing between the second memory access command
and the memory access command preceding the second memory access command is met,

wherein the second minimum timing is different from the first minimum timing;

13



wherein the controller is further configured to send a third write memory access command
to a third target partition via a respective local controller associated with the third target partition
when:

a write memory access command preceding the third write memory access
command is sent by the controller to the third target partition via the respective local
controller associated with the third target partition, and

at least a third minimum timing between the third write memory access command
and the write memory access command preceding the third write memory access command
1s met; and
wherein the controller is further configured to send a fourth write memory access

command to the third target partition via the respective local controller associated with the third
target partition when:

a write memory access command preceding the fourth write memory access
command is sent by the controller to a fourth target partition via a respective local
controller associated with the fourth target partition, and

at least a fourth minimum timing between the fourth write memory access
command and the write memory access command preceding the fourth write memory
access command is met, wherein the fourth minimum timing is different from the third
minimum timing such that the write memory access command preceding the fourth write
memory access command is concurrently being processed at the fourth target partition

while the fourth write memory access command is sent to the third target partition.

2. The apparatus of claim 1, wherein a local controller of the plurality of local
controller comprises:

respective sense amplifiers configured to sense data during execution of the memory
access command;

respective drivers configured to drive voltages along access lines; and

respective sequencers configured to execute an algorithm associated with the memory

access command.
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3. The apparatus of claim 1, wherein the controller comprises a command and address
user interface circuit configured to determine a memory access command type and the respective
target partition of the plurality of target partitions for each of the plurality of memory access

commands.

4. The apparatus of claim 3, wherein the controller further comprises a command and
address interface circuit configured to receive each of the plurality of memory access commands
from a memory controller and to provide each of the plurality of memory access commands to the

command and address user interface circuit.

5. The apparatus of claim 1, further comprising a plurality of data buffers, wherein
each of the plurality of data buffers is configured to independently and concurrently receive data

from or provide data to a respective one of the plurality of partitions.

6. The apparatus of claim 1, wherein the controller further comprises a data
input/output interface circuit configured to receive write data from a memory controller and to
provide the write data to the data block or to receive read data from the data block and to provide

the read data to the memory controller.

7. An apparatus, comprising:

a non-volatile memory comprising a plurality of partitions and a plurality of local
controllers, wherein each of the plurality of local controllers is configured to independently access
arespective one of the plurality of partitions, wherein each of the plurality of partitions comprises
a respective plurality of memory cells;

a memory controller configured to provide memory access commands to the non-volatile
memory according to separation timing rules for the memory access commands, wherein the
memory controller is configured to provide a first memory access command of a first type to a first
partition of the plurality of partitions, and provide a second memory access command of second
type different from the first type to the first partition of the plurality of partitions immediately after
the first memory access command at a minimum of a first time after the first memory access

command, and the memory controller is further configured to provide a third memory access
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command of the second type to a second partition of the plurality of partitions, and provide a fourth
memory access command of the first type to the second partition immediately after the third
memory access command at a minimum of a second time after the third memory access command
is sent, wherein the first time is different from the second time;

wherein the memory controller is further configured to provide a fifth write
memory access command to a fifth target partition via a respective local controller
associated with the fifth target partition when:a write memory access command preceding
the fifth write memory access command is provided by the memory controller to the fifth
target partition via the respective local controller associated with the fifth target partition,
and at least a third time after the write memory access command preceding the fifth write
memory access command is passed; and

wherein the controller is further configured to send a sixth write memory access
command to the fifth target partition via the respective local controller associated with the
fifth target partition when:

a write memory access command preceding the sixth write memory access
command is provided by the controller to a sixth target partition via a respective local
controller associated with the sixth target partition, and

at least a fourth time after the write memory access command preceding the sixth
write memory access command is passed, wherein the fourth time is different from the
third time such that the write memory access command preceding the sixth write memory
access command is concurrently being processed at the sixth target partition while the sixth

write memory access command is provided to the fifth target partition.

8. The apparatus of claim 7, wherein the memory access command of the first type
comprises a read memory access command and the memory access command of the second type

comprises a write memory access command.
9. The apparatus of claim 7, wherein the non-volatile memory further comprises a

plurality of data buffers, wherein a data buffer of the plurality of data buffers is coupled to a

respective one of the plurality partitions, wherein the data buffer is configured to latch data from
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the respective one of the plurality of partitions responsive to a signal from a local controller of the

plurality of local controllers coupled to the respective one of the plurality of local controllers.

10. The apparatus of claim 7, wherein the non-volatile memory further comprises a
controller configured to receive the memory access commands from the memory controller and
determine a respective target partition of the plurality of partitions, the controller further
configured to provide the memory access command to a local controller of the plurality of local

controllers associated with the target partition.

11.  The apparatus of claim 7, wherein the plurality of local controllers of the
non-volatile memory are configured to independently access respective ones of the plurality of

partitions concurrently.

12. A method, comprising:

receiving a first memory access command and a second memory access command at a
controller of a non-volatile memory according to a respective separation timing rule for the first
and second memory access commands;

determining a first target partition of the non-volatile memory for the first memory access
command and a second target partition of the non-volatile memory for the second memory access
command;

providing the first memory access command of a first type to a first local controller of the
non-volatile memory coupled to the first target partition;

subsequent to providing the first memory access command to the first local controller,
providing a third memory access command of a second type different from the first type to the first
local controller of the non-volatile memory coupled to the first target partition when at least a first
minimum separation timing between the first memory access command and the third memory
access command is met;

subsequent to providing the third memory access command, providing a fourth memory
access command of the first type to the first local controller of the non-volatile memory coupled to

the first target partition when at least a second minimum separation timing between the third
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memory access command and the fourth memory access command is met, wherein the second
minimum separation timing is different from the first minimum separation timing;

providing a fifth write memory access command to a fifth target partition via a respective
local controller associated with the fifth target partition when:

a write memory access command preceding the fifth write memory access
command is provided to the fifth target partition via the respective local controller
associated with the fifth target partition, and

at least a third minimum separation timing between the fifth write memory access
command and the write memory access command preceding the fifth write memory access
command is met; and

providing a sixth write memory access command to the fifth target partition via the
respective local controller associated with the fifth target partition when:

a write memory access command preceding the sixth write memory access
command is provided to a sixth target partition via a respective local controller associated
with the sixth target partition, and

at least a fourth minimum separation timing between the sixth write memory access
command and the write memory access command preceding the sixth write memory access
command is met, wherein the fourth minimum separation timing is different from the third
minimum separation timing such that the write memory access command preceding the
sixth write memory access command is concurrently being processed at the sixth target
partition while the sixth write memory access command is provided to the fifth target

partition.

13. The method of claim 12, wherein the first memory access command is a write
command, the method further comprising:

receiving write data at the controller; and

providing the write data to a first data buffer of the non-volatile memory via a data bus,
wherein the first data buffer is coupled to the first target partition, wherein executing the first

memory access command comprises writing the write data to the first target partition.
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14. The method of claim 13, wherein the second memory access command is a read
command, wherein executing the second memory access command comprises latching read data
from the second partition at a second data buffer of the non-volatile memory coupled to the second

target partition.

15. The method of claim 12, further comprising prior to providing the first memory
access command to the first local controller, determining whether the first local controller has

finished executing a previous memory access command.

16. The method of claim 12, wherein determining the first target partition of the
non-volatile memory for the first memory access command is based on an address of the first

memory access command.

17. A method, comprising:

providing a first memory access command to a non-volatile memory;

determining whether time elapsed since providing the first memory access command
satisfies a separation timing rule associated with a second memory access command and the first
memory access command;

responsive to the separation timing rule being met, providing the second memory access
command to the non-volatile memory;

providing a third memory access command of a first type to the non-volatile memory to
access the first target partition;

determining whether time elapsed since providing the third memory access command
satisfies a first minimum separation timing based on a fourth memory access command of a second
type different from the first type to access the first target partition subsequent to the third memory
access command;

responsive to the first minimum separation timing being met, providing the fourth memory
access command to the non-volatile memory;

providing a fifth memory access command of the second type to the non-volatile memory

to access the first target partition;
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determining whether time elapsed since providing the fifth memory access command
satisfies a second minimum separation timing based on a sixth memory access command of the
first type to access the first target partition subsequent to the fifth memory access command;

responsive to the second minimum separation timing being met, providing the sixth
memory access command to the non-volatile memory, wherein the first minimum separation
timing is different from the second minimum separation timing;

providing a seventh write memory access command to a seventh target partition via a
respective local controller associated with the seventh target partition when:

a write memory access command preceding the seventh write memory access
command is provided to the seventh target partition via the respective local controller
associated with the seventh target partition, and

at least a third minimum separation timing between the seventh write memory
access command and the write memory access command preceding the seventh write
memory access command is met; and
providing an eighth write memory access command to the seventh target partition via the

respective local controller associated with the seventh target partition when:

a write memory access command preceding the eighth write memory access
command is provided to an eighth target partition via a respective local controller
associated with the eighth target partition, and

at least a fourth separation timing between the eighth write memory access
command and the write memory access command preceding the eighth write memory
access command is met, wherein the fourth separation timing is different from the third
separation timing such that the write memory access command preceding the eighth write
memory access command is concurrently being processed at the eighth target partition

while the eighth write memory access command is provided to the seventh target partition.

18. The method of claim 17, wherein the first target partition and the second target

partition are the same partition.

19. The method of claim 17, further comprising determining a first command type

associated with the first memory access command and a second command type associated with the

20



second memory access command, wherein the separation timing rule is further based on the first

command type and the second command type.

20. The method of claim 17, further comprising concurrently executing the first
memory access command at the first target partition and the second memory access command at

the second target partition.

21.  The apparatus of claim 1, wherein the controller is configured to consecutively
send a first read memory access command to the first target partition and a second read memory
access command to the second target partition, and to send a first write memory access command
subsequent to the first and second read memory access commands when a third minimum timing
between the first read memory access command and the first write memory access command is
met, and when a fourth minimum timing between the second read memory access command and

the first write memory access command is also met.

22.  The apparatus of claim 7, wherein the memory controller is further configured to
provide consecutive fifth and sixth memory access commands of the first type to the first and
second partition of the plurality of partitions, respectively, and to provide a seventh memory
access command of the second type at a minimum of a third time after providing the fifth memory
access command and also at a minimum of a fourth time after providing the sixth memory access

command.

23. The method of claim 12 further comprising:

providing consecutive first and second read memory access commands to the first local
controller of the non-volatile memory coupled to the first target partition and to the second local
controller of the non-volatile memory coupled to the second target partition, respectively;

subsequent to providing the first and second read memory access commands, providing a
first write memory access command to the non-volatile memory when at least a third minimum
separation timing between the first read memory access command and the first write memory
access command is met, and when at least a fourth minimum separation timing between the second

read memory access command and the first write memory access command is also met.
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24. The method of claim 18 further comprising:

providing consecutive seventh and eighth memory access commands of the first type to the
non-volatile memory to access the first target partition and the second target partition,
respectively;

determining whether time elapsed since providing the seventh memory access command
satisfies a third minimum separation timing based on a ninth memory access command of the
second type subsequent to the seventh memory access commands;

determining whether time elapsed since providing the eighth memory access command
satisfies a fourth minimum separation timing based on the ninth memory access command of the
second type subsequent to the eighth memory access commands;

responsive to the third and fourth minimum separation timings being met, providing the

ninth memory access command to the non-volatile memory.
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