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1
STORAGE CONTROL SYSTEM WITH DATA
MANAGEMENT MECHANISM OF PARITY
AND METHOD OF OPERATION THEREOF

TECHNICAL FIELD

The present invention relates generally to a storage con-
trol system and more particularly to a system for data
management of parity.

BACKGROUND ART

Data storage, often called storage or memory, refers to
computer components and recording media that retain digi-
tal data. Data storage is a core function and fundamental
component of consumer and industrial electronics, espe-
cially devices such as computers, televisions, cellular
phones, mobile devices, and digital video cameras.

Recently, forms of long-term storage other than electro-
mechanical hard disks have become feasible for use in
computers. NOT-AND (NAND) flash is one form of non-
volatile memory used in solid-state storage devices. The
memory cells are arranged in typical row and column
fashion with circuitry for accessing individual cells. The
memory transistors of those cells are placed to store an
analog value that can be interpreted to hold two logical states
in the case of Single Level Cell (SLC) or more than two
logical states in the case of Multi Level Cell (MLC).

A flash memory cell is light in weight, occupies very little
space, and consumes less power than electromechanical disk
drives. Construction of a storage system with this type of
memory allows for much higher bandwidths and input/
output operations per second (IOPS) than typical electro-
mechanical disk drives. More importantly, it is especially
rugged and can operate at a much high temperature range. It
will withstand without adverse effects repeated drops, each
of which would destroy a typical electromechanical hard
disk drive. A problem exhibited by flash memory is that it
tends to have a limited life in use.

Thus, a need still remains for better data management
devices. In view of the increasing demand for data manage-
ment devices, it is increasingly critical that answers be found
to these problems. In view of the ever-increasing commer-
cial competitive pressures, along with growing consumer
expectations and the diminishing opportunities for mean-
ingful product differentiation in the marketplace, it is critical
that answers be found for these problems. Additionally, the
need to reduce costs, improve efficiencies and performance,
and meet competitive pressures adds an even greater
urgency to the critical necessity for finding answers to these
problems.

Solutions to these problems have been long sought but
prior developments have not taught or suggested any solu-
tions and, thus, solutions to these problems have long eluded
those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method of operation of
a storage control system, including: partitioning memory
channels with memory devices; selecting a super device
with one of the memory devices from one of the memory
channels; selecting a super block associated with the super
device; and determining a location of a parity within the
super block when the super block is formed.

The present invention provides a storage control system,
including: a channel module for partitioning memory chan-
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nels with memory devices; a device module, coupled to the
channel module, for selecting a super device with one of the
memory devices from one of the memory channels; a block
module, coupled to the device module, for selecting a super
block associated with the super device; and a parity module,
coupled to the block module, for determining a location of
a parity within the super block when the super block is
formed.

Certain embodiments of the invention have other steps or
elements in addition to or in place of those mentioned above.
The steps or elements will become apparent to those skilled
in the art from a reading of the following detailed description
when taken with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a storage control system with data management
mechanism in an embodiment of the present invention.

FIG. 2 is an exemplary hardware block diagram of the
memory controller.

FIG. 3 is an example diagram of memory groups of the
memory devices.

FIG. 4 is an example diagram of the super blocks.

FIG. 5 is a first example diagram of one of the super
blocks.

FIG. 6 is a second example diagram of one of the super
blocks.

FIG. 7 is a third example diagram of one of the super
blocks.

FIG. 8 is a control flow of the memory controller.

FIG. 9 is a flow chart of a method of operation of the
storage control system in a further embodiment of the
present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The following embodiments are described in sufficient
detail to enable those skilled in the art to make and use the
invention. It is to be understood that other embodiments
would be evident based on the present disclosure, and that
system, process, or mechanical changes may be made with-
out departing from the scope of the present invention.

In the following description, numerous specific details are
given to provide a thorough understanding of the invention.
However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid
obscuring the present invention, some well-known circuits,
system configurations, and process steps are not disclosed in
detail.

The drawings showing embodiments of the system are
semi-diagrammatic and not to scale and, particularly, some
of the dimensions are for the clarity of presentation and are
shown exaggerated in the drawing FIGs.

Where multiple embodiments are disclosed and described
having some features in common, for clarity and ease of
illustration, description, and comprehension thereof, similar
and like features one to another will ordinarily be described
with similar reference numerals. The embodiments have
been numbered first embodiment, second embodiment, etc.
as a matter of descriptive convenience and are not intended
to have any other significance or provide limitations for the
present invention.

The term “module” referred to herein can include soft-
ware, hardware, or a combination thereof in the present
invention in accordance with the context in which the term
is used. For example, the software can be machine code,
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firmware, embedded code, and application software. Also
for example, the hardware can be circuitry, processor, com-
puter, integrated circuit, integrated circuit cores, a micro-
electromechanical system (MEMS), passive devices, envi-
ronmental sensors including temperature sensors, or a
combination thereof.

Referring now to FIG. 1, therein is shown a storage
control system 100 with data management mechanism in an
embodiment of the present invention. The storage control
system 100 includes a memory sub-system 102 having a
memory controller 104 and a memory array 106. The storage
control system 100 includes a host system 108 communi-
cating with the memory sub-system 102.

The memory controller 104 provides data control and
management of the memory array 106. The memory con-
troller 104 interfaces with the host system 108 and controls
the memory array 106 to transfer data between the host
system 108 and the memory array 106.

The memory array 106 includes an array of memory
devices 110 including flash memory devices or non-volatile
memory devices. The memory array 106 can include pages
of data or information. The host system 108 can request the
memory controller 104 for reading, writing, and deleting
data from or to a logical address space of a storage device
or the memory sub-system 102 that includes the memory
array 106.

The memory devices 110 can include chip selects 112,
which are defined as control inputs, for enabling the memory
devices 110. Each of the chip selects 112 can be used to
control the operation of one of the memory devices 110.
Each of the chip selects 112 can be used to control sub
addresses or logical units (LUN) within each of the memory
devices 110. When the chip selects 112 are enabled, the
memory devices 110 are in active state for operation includ-
ing reading, writing, or erasing.

Referring now to FIG. 2, therein is shown an exemplary
hardware block diagram of the memory controller 104. The
memory controller 104 can include a control unit 202, a
storage unit 204, a memory interface unit 206, and a host
interface unit 208. The control unit 202 can include a control
interface 210. The control unit 202 can execute software 212
stored in the storage unit 204 to provide the intelligence of
the memory controller 104.

The control unit 202 can be implemented in a number of
different manners. For example, the control unit 202 can be
a processor, an embedded processor, a microprocessor, a
hardware control logic, a hardware finite state machine
(FSM), a digital signal processor (DSP), or a combination
thereof.

The control interface 210 can be used for communication
between the control unit 202 and other functional units in the
memory controller 104. The control interface 210 can also
be used for communication that is external to the memory
controller 104.

The control interface 210 can receive information from
the other functional units or from external sources, or can
transmit information to the other functional units or to
external destinations. The external sources and the external
destinations refer to sources and destinations external to the
memory controller 104.

The control interface 210 can be implemented in different
ways and can include different implementations depending
on which functional units or external units are being inter-
faced with the control interface 210. For example, the
control interface 210 can be implemented with a dedicated
hardware including an application-specific integrated circuit
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(ASIC), a configurable hardware including a field-program-
mable gate array (FPGA), a discrete electronic hardware, or
a combination thereof.

The storage unit 204 can include both hardware and the
software 212. For example, the software 212 can include
control firmware. The storage unit 204 can include a volatile
memory, a nonvolatile memory, an internal memory, an
external memory, or a combination thereof. For example, the
storage unit 204 can be a nonvolatile storage such as
non-volatile random access memory (NVRAM), Flash
memory, disk storage, or a volatile storage such as static
random access memory (SRAM).

The storage unit 204 can include a storage interface 214.
The storage interface 214 can also be used for communica-
tion that is external to the memory controller 104. The
storage interface 214 can receive information from the other
functional units or from external sources, or can transmit
information to the other functional units or to external
destinations. The external sources and the external destina-
tions refer to sources and destinations external to the
memory controller 104.

The storage interface 214 can include different implemen-
tations depending on which functional units or external units
are being interfaced with the storage unit 204. The storage
interface 214 can be implemented with technologies and
techniques similar to the implementation of the control
interface 210.

The memory interface unit 206 can enable external com-
munication to and from the memory controller 104. For
example, the memory interface unit 206 can permit the
memory controller 104 to communicate with the memory
array 106 of FIG. 1.

The memory interface unit 206 can include a memory
interface 216. The memory interface 216 can be used for
communication between the memory interface unit 206 and
other functional units in the memory controller 104. The
memory interface 216 can receive information from the
other functional units or can transmit information to the
other functional units.

The memory interface 216 can include different imple-
mentations depending on which functional units are being
interfaced with the memory interface unit 206. The memory
interface 216 can be implemented with technologies and
techniques similar to the implementation of the control
interface 210.

The host interface unit 208 allows the host system 108 of
FIG. 1 to interface and interact with the memory controller
104. The host interface unit 208 can include a host interface
218 to provide communication mechanism between the host
interface unit 208 and the host system 108.

The control unit 202 can operate the host interface unit
208 to send control or status information generated by the
memory controller 104 to the host system 108. The control
unit 202 can also execute the software 212 for the other
functions of the memory controller 104. The control unit 202
can further execute the software 212 for interaction with the
memory array 106 via the memory interface unit 206.

The functional units in the memory controller 104 can
work individually and independently of the other functional
units. For illustrative purposes, the memory controller 104 is
described by operation of the memory controller 104 with
the host system 108 and the memory array 106. It is
understood that the memory controller 104, the host system
108, and the memory array 106 can operate any of the
modules and functions of the memory controller 104.

Referring now to FIG. 3, therein is shown an example
diagram of memory groups 302 of the memory devices 110.
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The memory groups 302 are defined as logical association or
grouping of physical instances of the memory devices 110.
The term “logical” refers to non-physical and thus does not
represent the physical configuration of the memory devices
110.

Each of the memory groups 302 can be identified as being
associated with a number of the memory devices 110.
Although each of the memory groups 302 is shown associ-
ated with eight of the memory devices 110 for illustration
purposes, it is understood that each of the memory groups
302 can be associated with any number of the memory
devices 110.

Each of the squares in FIG. 3 is one of the memory
devices 110, which can represent independently controllable
memory devices. For example, for NAND flash memories,
the memory devices 110 can represent dies or logical units
(LUN). An important point is that the memory devices 110
can execute commands independently from each other
allowing parallel operations. This independent operation is
used to gain greater bandwidths and high I/O operations
Iops).

Each of memory channels 304 can be associated with a
number of the memory devices 110. Each of the memory
channels 304 is defined as a physical bank or a physical
group of the memory devices 110 that share a common data
bus and a common set of associated control signals.

The memory channels 304 can represent an independent
bus or communication path. Each of the memory channels
304 can represent an independent execution unit. Each of the
memory channels 304 can include an ability to perform
independent and parallel operations with respect to other
instances of the memory channels 304.

Actions, commands, and status information transmitted
within one of the memory channels 304 can be limited to the
memory devices 110 that are connected to the one of the
memory channels 304 and can be independent from other
instances of the memory channels 304 within a storage
device. Data bus and control signals of one of the memory
channels 304 cannot be shared with the other instances of the
memory channels 304.

Each of the memory channels 304 can include a number
of bits of data based on a type of the memory devices 110.
For example, each of the memory channels 304 can include
8 bits, 16 bits, or any number of bits of data bus depending
on the type of the memory devices 110 used and the
construction of the memory controller 104 of FIG. 1. Also
for example, the memory channels 304 can represent physi-
cal channels.

For example, one of the memory channels 304 can control
or have ownership of a set of the memory devices 110 that
share a common data bus and control signals. Also for
example, the memory devices 110 can represent flash
devices or flash components that independently operate from
each other.

The super devices 306, which are defined as groups of the
memory devices 110, can be identified or selected. The super
devices 306 can include portions or all of the memory
channels 304. The super devices 306 can be selected with
one of the memory devices 110 from one of the memory
channels 304. The term “super” in the super devices 306
refers to a group of multiple hardware instances of the
memory devices 110.

The memory devices 110 from the memory channels 304
can be grouped to form the super devices 306. For example,
if there are 16 of the memory channels 304 and 8 of the
memory devices 110 per each of the memory channels 304,
there can be 8 of the memory devices 110, one from each of
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the memory channels 304, grouped together for each of the
super devices 306 and 16 of the super devices 306 as shown
in FIG. 3. The super devices 306 can include a number of the
memory devices 110 that are controlled in parallel across a
number of the memory channels 304. The super devices 306
can be constructed with or associated with any number of the
memory channels 304 that are executed in parallel.

The super devices 306 can also include multiple of the
memory devices 110 from each of the memory channels 304.
At least one of the super devices 306 can be formed by
taking multiple passes through the memory channels 304. In
addition, at least one of the super devices 306 can span the
memory channels 304 as much as possible but it is not
strictly bounded by the memory channels 304.

Each of the super devices 306 can be associated with one
of the memory devices 110 from each of the memory
channels 304. Although each of the super devices 306 is
shown having 8 of the memory devices 110 for illustration
purposes, it is understood that each of the super devices 306
can include any number of the memory devices 110. For
example, each of the super devices 306 can include up to a
number of the memory channels 304. Also for example, all
of the super devices 306 can have the same structure and
size. Each of the super devices 306 can include any number
of'the memory devices 110 per each of the memory channels
304. In this case, there can be multiple passes made or
accessed through the memory channels 304. For example,
each of the super devices 306 can include a number of the
memory channels 304 with 2 of the memory devices 110 per
each of the memory channels 304.

Each of the super devices 306 can include one of the
memory devices 110 from each of the memory channels 304.
Each of the super devices 306 can include a number of the
super blocks 308, each of which can include a number of
erase blocks 310 (EB). The super blocks 308 are defined as
logical groupings of the erase blocks 310 in the memory
devices 110. Although there are 16 of the super devices 306
shown for illustration purposes, there can be any number of
the super devices 306 identified. The number of the super
devices 306 can be based on a number of independently
accessible instances of the memory devices 110 on the
memory channels 304 selected by Chip Enables (CEs),
logical units (LUN), or a combination thereof.

The erase blocks 310 are units of a non-volatile memory
device or other types of block oriented non-volatile memory
devices. For example, the erase blocks 310 can be one of
atomic units of a NAND flash memory device or other types
of block oriented non-volatile memory devices, which no
finer control over erasing memory elements is capable. Also
for example, the erase blocks 310 can form a part of a
logically addressable memory space within a NAND flash or
other type of block oriented non-volatile memory devices.

The erase blocks 310 can represent the smallest unit of
memory that can be erased. The memory devices 110 can
represent NAND packages that can include multiple dies or
logical units (LUN).

As an example, each of the super devices 306 can access
one of the super blocks 308 at any given instance. Each of
the super blocks 308 can include a number of the erase
blocks 310 that are accessible by one of the super devices
306 at any given time. There can be one of the erase blocks
310 active for each of the memory channels 304 within one
of the super devices 306. The erase blocks 310 can be
assigned across the memory channels 304 so that they can be
accessed in a parallel approach. One of the erase blocks 310
can be assigned per each of the memory channels 304 to
form one of the super blocks 308 in the super devices 306.
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In an example of one of the super devices 306 having 8
of the memory devices 110, there can be 8 active instances
of the erase blocks 310 associated with the one of the super
devices 306. The 8 active instances of the erase blocks 310
can belong to a specific instance of the super blocks 308.
Also as an example, there can be multiple active instances
of'the erase blocks 310 per each of the memory devices 110.

The present invention can include architecture and use of
the memory devices 110 including NAND flash or other
block oriented non-volatile memory organized in efficient
groups to reduce the overhead of and runtime management
in a solid state storage device. The present invention can
include the super blocks 308 as an organization of memory
blocks for parallel use by multiple memory controllers and
the logical and physical linkage between the memory
blocks. The present invention can provide additional orga-
nization for data protection via RAID operations with
reduced overhead for both runtime recycling and drive
initialization speed. The present invention can provide an
additional structure for managing bad block memory ele-
ments without detriment or loss of system performance or
efficiency.

The super blocks 308 provide the following effects. One
of the effects is amount of metadata that is stored in each of
the erase blocks 310 is minimized or reduced. The metadata
can now be stored at a super-block level or in one of the
super blocks 308. Another of the effects is fewer number of
the erase blocks 310 are managed as well as reduction in
time to initialize these data structures.

For example, the metadata can include non-host related
information including logical-to-physical mapping informa-
tion of the host data within the memory devices 110. Also for
example, the metadata can include non-host related infor-
mation including logical block address (LBA) information,
super block identification (ID) values, program/erase (PE)
cycles, aging data, and other NAND statistics that is col-
lected as a consequence of normal operations.

Another of the effects is the host data is written to the
super blocks 308 in a deterministic order. Another of the
effects is recycling can traverse or access the super blocks
308 in the same order by which the host system 108 of FIG.
1 writes data. As a result, recycling operations can preserve
the same order used in write operations providing data
striping for optimal read-back performance.

It has been discovered that the super devices 306 provide
improved performance by grouping of the memory devices
110 that are controlled in parallel across a number of the
memory channels 304.

Referring now to FIG. 4, therein is shown an example
diagram of the super blocks 308. The groups of the erase
blocks 310 can be operated as one virtual erase block, which
can be included within one of the super devices 306 of FIG.
3. The super blocks 308 allow the management of a group
of individual physical instances of the erase blocks 310 as
though it was one larger erase block. Actions including host
writes, recycling operations, or erasing of blocks can be
performed on a set of the erase blocks 310 included within
one of the super blocks 308 as a single unit.

Each of the super blocks 308 is a group of the erase blocks
310 that span across multiple of the memory channels 304
within one of the super devices 306. As an example, each of
the memory devices 110 in the super blocks 308 can
contribute a pair of the erase blocks 310 that can be accessed
together. Each of the super blocks 308 can be selected to be
associated with the super devices 306. Each of the super
blocks 308 can be accessed via and associated with only one
of the super devices 306. Since the super devices 306 span
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across multiple of the memory channels 304, the super
blocks 308 can also span across multiple of the memory
channels 304. The term “spanning across” used above for
the super blocks 308 refers to portions of different instances
of the memory channels 304 are included in each of the
super blocks 308.

There can be a number of the super devices 306 included
in a solid-state drive or a storage system dictated by a
number of addressable elements within the memory chan-
nels 304 that can be controlled in a parallel method of
operation. There can be a number of the super blocks 308 per
each of the super devices 306. Any of the super blocks 308
can be associated with one and only one of the super devices
306.

All the chip selects 112 of FIG. 1 of the memory devices
110 can be partitioned into groups that can be controlled by
super chip selects 404. The super chip selects 404 can be
selected by partitioning the chip selects 112. The super chip
selects 404 are defined as groups of the chip selects 112 that
are associated with the erase blocks 310 that form the
corresponding instances of the super blocks 308.

One of the super chip seclects 404 is selected to be
associated with one of the super blocks 308 and a group of
the chip selects 112 of the memory devices 110 that are
associated with the one of the super blocks 308. The one of
the super chip selects 404 can be used to control the group
of the chip selects 112. The super chip selects 404 are
associated with the super blocks 308. The super chip selects
404 are provided to control operation of the memory devices
110.

The super chip selects 404 can be used to assert or
de-assert the chip selects 112. The chip selects 112 can be
asserted or de-asserted to enable or disable, respectively, the
memory devices 110. For example, the chip selects 112 can
be asserted or de-asserted by assigning the super chip selects
404 to an active or inactive state such that the chip selects
112 are driven to logic ‘1’ or ‘0, respectively, to enable or
disable the memory devices 110.

Each of the super blocks 308 can span or include only one
of'the super chip selects 404. By having multiple of the super
chip selects 404 for multiple of the super blocks 308, one of
the super chip selects 404 can be available for writing host
data 405 from the host system 108 of FIG. 1 to the memory
array 106 of FIG. 1 and another of the super chip selects 404
can be provided for reading and writing recycling data to the
memory array 106. The host data 405 is defined as infor-
mation provided by the host system 108. The host data 405
is the host data described in FIG. 3 above.

The partition of the chip selects 112 and the provision of
the super chip selects 404 eliminate conflict between host
write and block erase operations because these operations
are performed with difference instances of the super chip
selects 404. Furthermore, conflict between host read and
host write (or recycle) operations can also be eliminated by
mutual exclusion between operations on the super chip
selects 404.

If there are several pending host reads, there is a good
chance that one of them can be located on one of the super
chip selects 404 that are idle. If data requested for a host read
operation was written by a large-block host write operation,
there is a good chance that all the data can be read with one
of the super chip selects 404 that was used for the large-
block host write operation.

The last instance of the erase blocks 310 at the end of one
of the super blocks 308 can be written. The last instance of
the erase blocks 310 can be written with a parity 406 for
RAID-5 architectures. As such, the size of each of the super
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blocks 308 can determine the overhead in the RAID-5
architectures. The last instance of the erase blocks 310 is the
last block to be accessed in the order by which the erase
blocks 310 in the super blocks 308 are written by the host
system 108. RAID-5 refers to an implementation for redun-
dant array of independent disks (RAID) systems that uses
block-level striping with parity data distributed across all
member disks.

The parity 406 is defined as redundancy data that is used
to rebuild or reconstruct a memory array to recover lost or
corrupt data. The parity 406 is used as a form of error
detecting code. The parity 406 can be calculated using
exclusive-OR (XOR) binary operation performed on the
data to be stored.

An allocation of the erase blocks 310 within one of the
super blocks 308 can provide additional area for storage of
the parity 406 including RAID parity data. The parity 406
can only be complete after a full stripe across all the erase
blocks 310 within the super blocks 308 are written. The
parity 406 can be stored within one of the super blocks 308.

Other effects include, for RAID-5 operations, the last of
the erase blocks 310 in the super blocks 308 can be reserved
for parity bits. As a result, parity pages are recycled along
with data pages. Having the parity pages in a dedicated
instance of the erase blocks 310, possibility of read disturb
on these pages is significantly reduced.

The parity pages can be read only if there is an error
correction code (ECC) error in one of the data pages in the
super blocks 308. The parity pages can only be used in a case
of'an uncorrectable error and thus can have an extremely low
read count, making them less susceptible to read disturb
issues. Data retention in parity blocks can be better than that
of data blocks in the super blocks 308 that are read a large
number of times.

A read disturb in the memory devices 110 is a change of
values of memory cells by an act of reading a memory cell
or other memory cells within the memory devices 110. For
example, in a NAND flash, read disturbs can be limited to
cells within one of the erase blocks 310. An example of this
is reading from one page of memory within one of the erase
blocks 310 in the memory devices 110 can corrupt and
change memory cells in other pages within the one of the
erase blocks 310. The read disturb affect refers to the process
of reading memory will create errors in the memory. Read
disturbs are not always permanent and can be corrected
when the memory is rewritten.

Each time a page is read in one of the erase blocks 310,
a small amount of charge change is experienced by other
pages within the one of the erase blocks 310. Therefore, by
reading pages in one of the erase blocks 310, the bit error
rate (BER) of the other pages can increase. By locating the
RAID-5 parity data in the erase blocks 310 other than the
erase blocks 310 being used for user data, the parity data
does not suffer the same read disturbs as the normal data.

Read-write and read-erase conflicts can be minimized.
The conflicts can be minimized by partitioning the super
blocks 308 using the super chip selects 404. By rebalancing
the super blocks 308 when recycling, a number of valid
pages can be rebalanced between the chip selects 112.

There are positive factors of having the super blocks 308.
The positive factors include fewer blocks to manage, fewer
pages of metadata 407, infrastructure support for a RAID-5
implementation, and minimization of writes to a logical-to-
physical (L.2P) log during recycling. The metadata 407 is
defined as non-host related information that is in addition to
and stored along with host data and that aids or supports
retrieval, organization, health of, and current condition or
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state of the memory devices 110. The metadata 407 is the
metadata described in FIG. 3 above.

The metadata 407 can be written to include logical page
indexes. Pages of the metadata 407 can be grouped and
written once per each of the super blocks 308 as opposed to
keeping the metadata 407 in each of the erase blocks 310.
This grouping of the metadata 407 can also make traversing
it during drive initialization more efficient.

As an example, there can be transient metadata held or
stored in the storage unit 204 of FIG. 2 with a Random
access memory (RAM), a Static random-access memory
(SRAM), and a double data rate random access memory
(DDRAM). As another example, there can be persistent
metadata held or stored in the memory devices 110.

The memory devices 110 that form the super devices 306
can be fixed through the life of a storage drive. It is
understood that this assignment of the memory devices 110
to the super devices 306 can be determined in a number of
ways because there can be unpopulated instances of the
memory devices 110 in the storage drive.

Although there are three of the super blocks 308 shown in
FIG. 4, it is understood that there can be any number of the
super blocks 308 in the storage control system 100 of FIG.
1. The super blocks 308 can be formed in each of the super
devices 306. For example, since the super blocks 308 spans
multiple of the memory channels 304, 8 pages within one of
the super blocks 308 can be concurrently written.

A number of concurrent writes can be per logical unit
(LUN) or dies. Each of the pages can be specifically on
separate instances of the memory channels 304, or LUNS,
and not just within one of the erase blocks 310.

Multiple of the erase blocks 310 grouped into each of the
super blocks 308 provide several advantages. One of the
advantages is that there are fewer of the super blocks 308
than a number of the erase blocks 310 to manage and
initialize. Instead of managing lists of the erase blocks 310,
lists of the super blocks 308 can be managed. As a result,
data management resources including management data
structures for managing the super blocks 308 are smaller or
less.

By creating the super blocks 308 that span multiple of the
chip selects 112 of the memory devices 110, additional
advantages are achieved. One advantage is that the super
blocks 308 provide an infrastructure that supports an internal
redundant array of independent disks (RAID) architecture
including RAID-5. The super blocks 308 can be created in
a way that facilitates efficient host performance, recycling,
RAID, and load balancing.

The term “internal” used above for RAID refers to RAID
within and specific to one of the super blocks 308. RAID
parity information can be part of and limited to contents of
the one of the super blocks 308. As such, operations to the
one of the super blocks 308 self-contained with respect to
providing RAID error protection to the host data 405 and
any stored metadata information.

A number of the erase blocks 310 in each of the super
blocks 308 can be determined by the super devices 306. For
example, each of the super blocks 308 can include at least
16 of the erase blocks 310. Another advantage of the super
blocks 308 is that the super blocks 308 can include a number
of the erase blocks 310 that are bad or remapped. If one of
the super blocks 308 includes a number of the erase blocks
310 that are bad blocks, the entirety of the one of the super
blocks 308 would not be rendered as useless. The erase
blocks 310 that are bad or unusable can be remapped.

Within one of the super blocks 308, each of the erase
blocks 310 does not have to be associated with the same
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erase block number (or address) in each of the elements. As
an example, a portion of the 23rd instance of the super
blocks 308 can include a number of the erase blocks 310 as
follows.

Channel 0, CEO, LUNO,

Channel 1, CEO, LUNO,

Channel 2, CE0, LUNO,

Channel 3, CEQ, LUNO, erase block 23

Channel 3, CEO, LUNO, erase block 27

In this example, “Channel” is a corresponding channel
number of the memory channels 304, “CEO0” is chip enable
0, “LUNO” is logical unit 0, and “erase block™ is an nth
instance of the erase blocks 310.

Holes in contiguous addressing of erase blocks will exist
from both factory marked bad erase blocks and erase blocks
that have been determined to be bad during normal operation
of the storage device. Remapped specifically refers to the
substitution of one physical erase block for another.

Implementation of RAID-5 presents significant problems
for recycling because parity pages need to be recycled or
regenerated along with data pages. Parity data does not get
relocated with the valid data during recycling. Instead, the
parity data can be regenerated when recycle writes are
performed. By implementing RAID within the super blocks
308, data and parity pages are recycling together.

The super blocks 308 also provide a way for a recycling
operation to traverse data in the order by which that data is
written. This operation minimizes the number of writes to
the logical-to-physical log, especially when the host system
108 writes larger data blocks.

Other advantages include fewer statistics, which can be
included in metadata pages 408, need to be managed. These
statistics can include a program-erase count 410 and a
valid-page count 412. There can be fewer of the metadata
pages 408. The metadata pages 408 are defined as memory
components within each of the erase blocks 310 that are
programmed as individual units for the metadata 407.

The program-erase count 410 is defined as a numerical
value indicating a number of times or cycles the memory
devices 110 associated with the corresponding instances of
the super blocks 308 are programmed or erased. The valid-
page count 412 is defined as a numerical value indicating a
number of pages that are valid in each of the super blocks
308.

Since the host data 405 can be written in the order it
arrives from the host and because all data pages within the
memory devices 110 can be written sequentially and con-
tiguously, one or more new version of the same host logical
sector can exist within the super blocks 308. In this case,
only one of the host sectors can be valid, making other
copies in the super blocks 308 invalid. The valid state of the
pages within one of the super blocks 308 can be held in both
the metadata pages 408 stored within the super blocks 308
and in the logical-to-physical (I.2P) tabling system within
the runtime volatile memory in the storage device.

Each of the super blocks 308 can include one of the
metadata pages 408. Each of the metadata pages 408 can
span multiple physical pages and is not limited to a single
physical page depending on a number of elements in each of
the super blocks 308 and the amount of metadata required
for each element. Each of the super blocks 308 can include
only one of the metadata pages 408. The metadata pages 408
can include logical page indexes of the super blocks 308. If
the size of the super blocks 308 is properly determined, each
of'the metadata pages 408 can have a size that matches a size
of a physical page in the memory devices 110.

erase block 23
erase block 23
erase block 25
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The metadata pages 408 can include any additional infor-
mation stored along with the host data 405 that can aid in
retrieval, organization, health of, and current condition or
state of the memory devices 110. The metadata pages 408
can include but is not limited to a logical to physical
mapping information of the host data 405 within the
memory devices 110. The metadata pages 408 that are held
within one of the super blocks 308 can represent metadata
specific to the one of the super blocks 308.

During portions of drive operations such as but not
limited to drive initialization, the metadata pages 408 can be
used to restore a host logical to physical mapping of data and
a valid state of data stored within the one of the super blocks
308. The metadata pages 408 can also be used for storing the
health and use status of the super blocks 308. The metadata
pages 408 can be used to record the current recycling or
runtime state of the super blocks 308.

Recycling operations can traverse or access data by
following the same order by which host-write operations
follow. As such, the original striping can be preserved. A
number of operations for writing to the L2P log can be
minimized.

The super-block organization is conducive to implement-
ing RAID 4 within the storage drive. The last instance of the
erase blocks 310 in each of the super blocks 308 can include
parity pages. For example, parity can be generated using
exclusive-OR operations (XOR). The memory controller
104 of FIG. 1 can include support for initializing, building,
and writing the parity pages.

Factory and run-time defects can be handled. If one or
more of the erase blocks 310 within one of the super blocks
308 is bad, the one or more of the erase blocks 310 can be
removed from the one of the super blocks 308. In addition,
bad instances of the erase blocks 310 in the one of the super
blocks 308 can be skipped or ignored.

Statistics for the erase blocks 310 can be used to estimate
remaining lifetime of the storage drive or to extend the life
of'the storage drive if the super blocks 308 are provided with
erase-block granularity. Depending on how the memory
devices 110 are populated in the storage drive with reduced
capacity, the chip selects 112 of the memory devices 110 that
are not used can be processed.

Each of the super blocks 308 can include the program-
erase count 410. The program-erase count 410 and the
valid-page count 412 can be managed at a super-block level.
The program-erase count 410 can be calculated each time
the memory devices 110 are accessed for a program opera-
tion or an erase operation. The program-erase count 410 can
be used to determine if wear begins to deteriorate the
integrity of the memory devices 110.

The super blocks 308 can include any number of unusable
blocks 414, which are defined as blocks that are no longer
available for access. If one of the erase blocks 310 is one of
the unusable blocks 414, writing and recycling operations on
the corresponding instance of the super blocks 308 can skip
over the one of the erase blocks 310.

The super blocks 308 can include remapped blocks for the
unusable blocks 414. The erase blocks 310 can represent
spare blocks 416, which are blocks that are available for use.
If the memory devices 110 include the spare blocks 416, one
of the erase blocks 310 that is one of the unusable blocks 414
can be remapped to one of the spare blocks 416. Remapping
is preferably not spanned over different instances of the
memory devices 110.

There can be multiple levels of performance improve-
ments having to do with both the super blocks 308 and the
use of remapping of the erase blocks 310. The performance
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improvements from the use of the super blocks 308 can be
from but not limited to the centralized storage of the
metadata pages 408 in a single location instead of in each of
the erase blocks 310 in the super blocks 308. Each access to
one of the erase blocks 310 can incur a latency overhead of
reading and writing. By only having to access one of the
erase blocks 310 in the super blocks 308, there can be an
effective elimination of multiple erase block accesses to
retrieve the same amount of information. For reading and
writing of the host data 405, the remapping function can
allow each of the super blocks 308 to have a full comple-
ment of the erase blocks 310. All of the erase blocks 310
within one of the super devices 306 can be accessed in a
parallel approach with the one of the super devices 306
active.

It has been discovered that the super blocks 308 spanning
multiple of the memory channels 304 provide improved
performance since multiple pages within each of the super
blocks 308 are capable of being written concurrently.

It has also been discovered that multiple of the erase
blocks 310 grouped into each of the super blocks 308
provide improved performance with reduced data manage-
ment resources since there are fewer of the super blocks 308
than a number of the erase blocks 310 to manage and
initialize.

It has further been discovered that the super blocks 308
spanning multiple of the chip selects 112 of the memory
devices 110 provide improved reliability with an infrastruc-
ture that supports an internal redundant array of independent
disks (RAID) architecture including RAID-5.

It has further been discovered that the super blocks 308
including a number of the erase blocks 310 that are bad or
remapped provides improved memory resource utilization
since the super blocks 308 with the unusable blocks 414 do
not have to be thrown away but instead the unusable blocks
414 are able to be remapped with the spare blocks 416
thereby eliminating the shortcoming of traditional super
blocks where a bad block renders the entire super block
useless.

It has further been discovered that the super blocks 308
provide improved performance since there are fewer statis-
tics, including the program-erase count 410 and the valid-
page count 412, included in the metadata pages 408 that
need to be managed.

It has further been discovered that remapping of the
unusable blocks 414 provide improved performance since
the super blocks 308 that are incomplete cause write per-
formance degradation.

Referring now to FIG. 5, therein is shown a first example
diagram of one of the super blocks 308. The first example
diagram depicts one of the super blocks 308. For example,
the first example diagram depicts a default location for the
parity 406, shown as a parity stripe, within one of the super
blocks 308. The default location refers to a location 502 of
the parity 406 within each of the super blocks 308 when the
super blocks 308 are formed. The location 502 is defined as
a physical position within one of the super blocks 308 where
the parity 406 is stored.

The structure of the super blocks 308 is provided to allow
dynamic location of redundant array of independent disks
(RAID) parity with selective assignments of the erase blocks
310 based on drive life and wear. The data structure of the
super blocks 308 can be saved or stored across a power cycle
where a solid-state drive (SSD) employs the use of MLC
NAND flash.

Each of the memory channels 304 can be associated with
a number of the memory devices 110 of FIG. 1. For
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illustrative purposes, one of the super blocks 308 is shown
spanning across 16 of the memory channels 304, although it
is understood that each of the super blocks 308 can span any
number of the memory channels 304.

For example, for NAND flash memories, the memory
devices 110 can represent dies or logical units (LUN). An
important point is that the memory devices 110 can execute
commands independently from each other allowing parallel
operations. This independent operation is used to gain
greater bandwidths and high I/O operations (IOPS).

Each of the memory devices 110 can include multiple
planes 504, each of which can include a number of the erase
blocks 310. Each of the erase blocks 310 can include a
number of pages 506. The pages 506 are defined as memory
components within each of the erase blocks 310 that are
programmed as individual units. The pages 506 are smallest
groups of data bytes that are read from or written to in each
of the erase blocks 310. Each of the pages 506 can include
a number of bytes.

The pages 506 can be grouped into each of the erase
blocks 310, which are the smallest area that can be erased.
Each of the pages 506 is the smallest region that is pro-
grammed. The erase blocks 310 can be organized in each of
the planes 504, which can be grouped into a logical unit
(LUN).

For example, 