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STORAGE CONTROL SYSTEM WITH ERASE 
BLOCK MECHANISM AND METHOD OF 

OPERATION THEREOF 

2 
nels with memory devices; selecting a super device with one 
of the memory devices from one of the memory channels, the 
super device having a super chip select connected to chip 
selects of the memory devices; and selecting a super block 

CROSS-REFERENCE TO RELATED 
APPLICATION 

5 associated with the super device. 
The present invention provides a storage control system, 

including: a channel control module for partitioning memory 
channels with memory devices; a device control module for 
selecting a super device with one of the memory devices from 

This application claims the benefit of U.S. Provisional 
PatentApplicationSer. No. 61/596,185 filed Feb. 7, 2012, and 
the subject matter thereof is incorporated herein by reference 
thereto. 

TECHNICAL FIELD 

10 one of the memory channels, the super device having a super 
chip select connected to chip selects of the memory devices; 
and a block control module for selecting a super block asso­
ciated with the super device. 

The present invention relates generally to a storage control 15 

system and more particularly to a system for data manage­
ment and control. 

BACKGROUND ART 

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. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 
Data storage, often called storage or memory, refers to 

computer components and recording media that retain digital 
data. Data storage is a core function and fundamental com­
ponent of consumer and industrial electronics, especially 
devices such as computers, televisions, cellular phones, 25 

mobile devices, and digital video cameras. 
Recently, forms oflong-term storage other than electrome­

chanical hard disks have become feasible for use in comput-
ers. NOT-AND (NAND) flash is one form of non-volatile 
memory used in solid-state storage devices. The memory 30 

cells are arranged in typical row and colunm fashion with 
circuitry for accessing individual cells and placing the 
memory transistors of those cells 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 35 

case of Multi Level Cell (MLC). 

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 a control flow of the memory controller. 
FIG. 4 is an example diagram of memory groups of the 

memory devices. 
FIG. 5 is an example diagram of the super blocks. 
FIG. 6 is a flow diagram of a write operation. 
FIG. 7 is an example diagram of logical-to-physical page 

mapping. 
FIG. 8 is a functional block diagram of a recycle operation. 
FIG. 9 is an example of a detailed control flow of the 

memory access module. 
FIG. 10 is a flow chart of a method of operation of the 

storage control system of FIG. 1 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 

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 40 

operations per second (IOPS) than typical electromechanical 
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 prob­
lem exhibited by flash memory is that it tends to have a limited 

45 invention. It is to be understood that other embodiments 

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 

would be evident based on the present disclosure, and that 
system, process, or mechanical changes may be made without 
departing from the scope of the present invention. 

In the following description, numerous specific details are 
50 given to provide a thorough understanding of the invention. 

to these problems. In view of the ever-increasing commercial 
competitive pressures, along with growing consumer expec­
tations and the diminishing opportunities for meaningful 
product differentiation in the marketplace, it is critical that 
answers be found for these problems. Additionally, the need 55 

to reduce costs, improve efficiencies and performance, and 
meet competitive pressures adds an even greater urgency to 

However, it will be apparent that the invention may be prac­
ticed without these specific details. In order to avoid obscur­
ing 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. 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 chan-

Where multiple embodiments are disclosed and described 
60 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 

65 matter of descriptive convenience and are not intended to 
have any other significance or provide limitations for the 
present invention. 
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configurable hardware including a field-programmable gate 
array (FPGA), a discrete electronic hardware, or a combina­
tion thereof. 

The storage unit 204 can include both hardware and the 

The term "module" referred to herein can include software, 
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, firmware, 
embedded code, and application software. Also for example, 
the hardware can be circuitry, processor, computer, integrated 
circuit, integrated circuit cores, a microelectromechanical 
system (MEMS), passive devices, environmental sensors 
including temperature sensors, or a combination thereof. 

5 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 exter­
nal memory, or a combination thereof. For example, the stor­
age unit 204 can be a nonvolatile storage such as non-volatile 

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

10 random access memory (NVRAM), Flash memory, disk stor­
age, 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 communication 

15 that is external to the memory controller 104. The storage 
interface 214 can receive information from the other func-
tional units or from external sources, or can transmit infor­
mation to the other functional units or to external destina­
tions. The external sources and the external destinations refer 

The memory controller 104 provides data control and man­
agement of the memory array 106. The memory controller 
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. 

20 to sources and destinations external to the memory controller 
104. 

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 25 

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 30 

devices 110. Each of the chip selects 112 can be used to 
control the operation ofone of the memory devices 110. Each 
of the chip selects 112 can be used to control sub addresses or 
logical units (LUN s) within each of the memory devices 110. 
When the chip selects 112 are enabled, the memory devices 35 

110 are in active state for operation including reading, writ­
ing, or erasing. 

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 inter-
face 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 func­
tional 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 inter-

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 40 

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. 45 face 210. 

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 hard­
ware 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 con­
troller 104. 

The control interface 210 can receive information from the 
other functional units or from external sources, or can trans­
mit information to the other functional units or to external 
destinations. The external sources and the external destina-

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 

50 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 

55 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. 

tions refer to sources and destinations external to the memory 60 

controller 104. 

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 

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 (ASIC), a 

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 func-

65 tions of the memory controller 104. 
Referring now to FIG. 3, therein is shown a control flow of 

the memory controller 104. The memory controller 104 can 
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include a channel control module 302, a device control mod­
ule 304, a block control module 306, and a memory access 
module 308. 

The channel control module 302 is for performing opera­
tions associated with memory channels 404 of FIG. 4. The 
device control module 304 is for performing operations asso­
ciated with super devices 406 of FIG. 4. The block control 
module 306 is for performing operations associated with 
super blocks 502 of FIG. 5. The memory access module 308 

6 
For example, one of the memory channels 404 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 

5 or flash components that independently operate from each 
other. 

The device control module 304 of FIG. 3 can identify or 
select the super devices 406, which are defined as groups of 
the memory devices 110. The super devices 406 can include 

10 portions of the memory channels 404. The super devices 406 
can be selected with one of the memory devices 110 from one 
of the memory channels 404. The term "super" in the super 
devices 406 refers to a group of multiple hardware instances 

is for performing operations to access data in the memory 
devices 110 of FIG. 1 based on the super blocks 502. Opera­
tions of the channel control module 302, the device control 
module 304, the block control module 306, and the memory 
access module 308 will be described in more details in sub-

15 

of the memory devices 110. 
The device control module 304 can group the memory 

sequent sections. 
Referring now to FIG. 4, therein is shown an example 

diagram of memory groups 402 of the memory devices 110. 
The memory groups 402 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. 

The memory groups 402 can be identified by the channel 
control module 302 of FIG. 3. Each of the memory groups 
402 can be identified as being associated with a number of the 
memory devices 110. Although each of the memory groups 
402 is shown associated with eight of the memory devices 110 
for illustration purposes, it is understood that each of the 
memory groups 402 can be associated with any number of the 
memory devices 110. 

Each of the squares in FIG. 4 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 unit num­
bers (LUNs). 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/0 operations 
(IOPS). 

The channel control module 302 can partition each of the 
memory channels 404 that are associated with a numberof the 
memory devices 110. Each of the memory channels 404 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 404 can represent an independent 
bus or communication path. Each of the memory channels 
404 can represent an independent execution unit. Each of the 
memory channels 404 can include an ability to perform inde­
pendent and parallel operations with respect to other 
instances of the memory channels 404. 

Actions, commands, and status information transmitted 
within one of the memory channels 404 can be limited to the 
memory devices 110 that are connected to the one of the 
memory channels 404 and can be independent from other 
instances of the memory channels 404 within a storage 
device. Data bus and control signals of one of the memory 
channels 404 cannot be shared with the other instances of the 
memory channels 404. 

Each of the memory channels 404 can include a number of 
bits of data based on a type of the memory devices 110. For 
example, each of the memory channels 404 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. Also for example, the memory 
channels 404 can represent physical channels. 

devices 110 from the memory channels 404 to form the super 
devices 406. For example, if there are 16 of the memory 
channels 404 and 8 of the memory devices 110 per each of the 
memory channels 404, there can be 8 of the memory devices 

20 110, one from each of the memory channels 404, grouped 
together for each of the super devices 406 and 16 of the super 
devices 406 as shown in FIG. 4. The super devices 406 can 
include a number of the memory devices 110 that are con­
trolled in parallel across a number of the memory channels 

25 404. The super devices 406 can be constructed with or asso­
ciated with any number of the memory channels 404 that are 
executed in parallel. 

Each of the super devices 406 can be associated with one of 
the memory devices 110 from each of the memory channels 

30 404. Although each of the super devices 406 is shown having 
8 of the memory devices 110 for illustration purposes, it is 
understood that each of the super devices 406 can include any 
number of the memory devices 110. For example, each of the 
super devices 406 can include up to a number of the memory 

35 channels 404. Also for example, all of the super devices 406 
can have the same structure and size. Each of the super 
devices 406 can include any number of the memory devices 
110 per each of the memory channels 404. In this case, there 
can be multiple passes made or accessed through the memory 

40 channels 404. For example, each of the super devices 406 can 
include a number of the memory channels 404 with 2 of the 
memory devices 110 per each of the memory channels 404. 

Each of the super devices 406 can include one of the 
memory devices 110 from each of the memory channels 404. 

45 Each of the super devices 406 can include a number of the 
super blocks 502 of FIG. 5, each of which can include a 
number of erase blocks 408 (EB). The super blocks 502 are 
defined as logical groupings of the erase blocks 408 in the 
memory devices 110. Although there are 16 of the super 

50 devices 406 shown for illustration purposes, there can be any 
number of the super devices 406 identified by the device 
control module 304. The number of the super devices 406 can 
be based on a number of independently accessible instances 
of the memory devices 110 on the memory channels 404 

55 selected by Chip Enables (CEs), logically addressable units 
(LUNs), or a combination thereof. 

The erase blocks 408 are units of a non-volatile memory 
device or other types of block oriented non-volatile memory 
devices. For example, the erase blocks 408 can be one of 

60 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 408 can form a part of a logi­
cally addressable memory space within a NAND flash or 

65 other type of block oriented non-volatile memory devices. 
The erase blocks 408 can represent the smallest unit of 

memory that can be erased. The memory devices 110 can 
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represent NAND packages that can include multiple dies or 
logically addressable units (LUNs). Each of the dies or LUNs 
can include multiple planes, each of which can include a 
number of the erase blocks 408. Each of the erase blocks 408 
can include a number of pages, which can include a number of 5 

bytes. 
For example, each of the planes can include approximately 

2048 of the erase blocks 408. Also for example, each of the 
erase blocks 408 can include 256 pages, each of which can 
include SK bytes, where each lK bytes includes 1024 bytes. 10 

A die can include approximately 4096 of the erase blocks 408 
divided into two of the planes with 2048 of the erase blocks 
408 per plane. 

As an example, each of the super devices 406 can access 
one of the super blocks 502 at any given instance. Each of the 15 

super blocks 502 can include a numberof the erase blocks 408 
that are accessible by one of the super devices 406 at any 
given time. There can be one of the erase blocks 408 active for 
each of the memory channels 404 within one of the super 
devices 406. The erase blocks 408 can be assigned across the 20 

memory channels 404 so that they can be accessed in a par­
allel approach. One of the erase blocks 408 can be assigned 
per each of the memory channels 404 to form one of the super 
blocks 502 in the super devices 406. 

In an example of one of the super devices 406 having 8 of 25 

the memory devices 110, there can be 8 active instances of the 
erase blocks 408 associated with the one of the super devices 
406. The 8 active instances of the erase blocks 408 can belong 
to a specific instance of the super blocks 502. Also as an 
example, there can be multiple active instances of the erase 30 

blocks 408 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 35 

a solid state storage device. The present invention can include 
the super blocks 502 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 organization for data 40 

protection via RAID operations with reduced overhead for 
both runtime recycling and drive initialization speed. The 
present invention can provide an additional structure for man­
aging bad block memory elements without detriment or loss 

8 
which can be included within one of the super devices 406. 
The super blocks 502 allow the management of a group of 
individual physical instances of the erase blocks 408 as 
though it was one larger erase block. Actions including host 
writes, recycling operations, or erasing of blocks can be per­
formed on a set of the erase blocks 408 included within one of 
the super blocks 502 as a single unit. 

Each of the super blocks 502 can be identified and selected 
by the block control module 306 of FIG. 3. Each of the super 
blocks 502 is defined as a group of the erase blocks 408 that 
span across multiple of the memory channels 404 within one 
of the super devices 406. As an example, each of the memory 
devices 110 in the super blocks 502 can contribute a pair of 
the erase blocks 408 that can be accessed together. Each of the 
super blocks 502 can be selected to be associated with the 
super devices 406. Each of the super blocks 502 can be 
accessed via and associated with only one of the super devices 
406. Since the super devices 406 span across multiple of the 
memory charmels 404, the super blocks 502 can also span 
across multiple of the memory channels 404. The term "span­
ning across" used above for the super blocks 502 refers to 
portions of different instances of the memory channels 404 
are included in each of the super blocks 502. 

There can be a number of the super devices 406 included in 
a solid-state drive or a storage system dictated by a number of 
addressable elements within the memory channels 404 that 
can be controlled in a parallel method of operation. There can 
be a number of the super blocks 502 per each of the super 
devices 406. Any of the super blocks 502 can be associated 
with one and only one of the super devices 406. 

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 504. The super chip selects 504 can be 
selected by the block control module 306. The super chip 
selects 504 can be selected by partitioning the chip selects 
112. The super chip selects 504 are defined as groups of the 
chip selects 112 that are associated with the erase blocks 408 
that form the corresponding instances of the super blocks 502. 

One of the super chip selects 504 is selected to be associ­
ated with one of the super blocks 502 and a group of the chip 
selects 112 of the memory devices 110 that are associated 
with the one of the super blocks 502. The one of the super chip 
selects 504 can be used to control the group of the chip selects 
112. The super chip selects 504 are associated with the super 

of system performance or efficiency. 
The super blocks 502 provide the following effects. One of 

the effects is amount of metadata that is stored in each of the 
erase blocks 408 is minimized or reduced. Such metadata can 

45 blocks 502. The super chip selects 504 are provided by the 
block control module 306 to control operation of the memory 
devices 110. 

now be stored at a super-block level or in one of the super 
blocks 502. Another of the effects is fewer blocks are man- 50 

The super chip selects 504 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 aged as well as reduction in time to initialize these data 

structures. 
Another of the effects is host data is written to the super 

blocks 502 in a deterministic order. Another of the effects is 
recycling can traverse or access the super blocks 502 in the 
same order by which the host system 108 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 406 provide 
improved performance by grouping of the memory devices 
110 that are controlled in parallel across a number of the 
memory channels 404. 

Referring now to FIG. 5, therein is shown an example 
diagram of the super blocks 502. The super blocks 502 are 
defined as groups of the erase blocks 408. The groups of the 
erase blocks 408 can be operated as one virtual erase block, 

or de-asserted by the block control module 306 assigning the 
super chip selects 504 to an active or inactive state such that 
the chip selects 112 are driven to logic '1' or '0', respectively, 

55 to enable or disable the memory devices 110. 
Each of the super blocks 502 can span or include only one 

of the super chip selects 504. By having multiple of the super 
chip selects 504 for multiple of the super blocks 502, one of 
the super chip selects 504 can be available for writing host 

60 data from the host system 108 of FIG. 1 to the memory array 
106 of FIG. 1 and another of the super chip selects 504 can be 
provided for reading and writing recycling data to the 
memory array 106. The partition of the chip selects 112 and 
the provision of the super chip selects 504 eliminate conflict 

65 between host write and block erase operations because these 
operations are performed with difference instances of the 
super chip selects 504. Furthermore, conflict between host 
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read and host write ( or recycle) operations can also be elimi­
nated by mutual exclusion between operations on the super 
chip selects 504. 

If there are several pending host reads, there is a good 
chance that one of them can be located on one of the super 5 

chip selects 504 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 504 that was used for the large-block 
host write operation. 10 

The last instance of the erase blocks 408 at the end of one 
of the super blocks 502 can be written by the block control 
module 306. The last instance of the erase blocks 408 can be 
written with parity information 506 for RAID-5 architec­
tures. As such, the size of each of the super blocks 502 can 15 

determine the overhead in the RAID-5 architectures. The last 

10 
408 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 by 
the block control module 306. The conflicts can be minimized 
by partitioning the super blocks 502 using the super chip 
selects 504. By rebalancing the super blocks 502 with the 
memory access module 308 of FIG. 3 when recycling, a 
number of valid pages can be rebalanced between the chip 
selects 112. 

There are positive factors of having the super blocks 502. 
The positive factors include fewer blocks to manage, fewer 
metadata pages 508, infrastructure support for a RAID-5 
implementation, and minimization of writes to a logical-to­
physical (L2P) log during recycling. The metadata pages 508 
can be written by the block control module 306 to include 
logical page indexes. The metadata pages 508 can be grouped 
and written once per each of the super blocks 502 as opposed 
to keeping metadata in each of the erase blocks 408. This 
grouping of the metadata can also make traversing it during 

instance of the erase blocks 408 is the last block to be 
accessed in the order by which the erase blocks 408 in the 
super blocks 502 are written by the host system 108. RAID-5 
refers to an implementation for redundant array of indepen­
dent disks (RAID) systems that uses block-level striping with 
parity data distributed across all member disks. 

20 drive initialization more efficient. 
The term "metadata" refers to 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 state of the memory devices 110. For example, 

An allocation of the erase blocks 408 within one of the 
super blocks 502 can provide additional area for storage of the 
parity information 506 including RAID parity data. The par­
ity information 506 can only be complete after a full stripe 
across all the erase blocks 408 within the super blocks 502 are 
written. The parity information 506 can be stored within one 
of the super blocks 502. 

25 metadata can include non-host related information including 
logical-to-physical mapping information of the host data 
within the memory devices 110. Also for example, metadata 
can include non-host related information including logical 
block address (LBA) information, super block identification 

The parity information 506 is defined as redundancy data 
that is used to rebuild or reconstruct a memory array to 
recover lost or corrupt data. The parity information 506 can be 
calculated by the block control module 306 using exclusive­
OR (XOR) binary operation performed on the data to be 
stored. 

30 (ID) values, program/erase (PE) cycles, aging data, and other 
NAND statistics that is collected as a consequence of normal 
operations. 

As an example, there can be transient metadata held or 
stored in the storage unit 204 with a Random access memory 

35 (RAM), a Static random-access memory (SRAM), and a 
double data rate-synchronous dynamic random access 
memory (DDRAM). As another example, there can be per­
sistent metadata held or stored in the memory devices 110. 

Other effects include, for RAID-5 operations, the last of the 
erase blocks 408 in the super blocks 502 can be reserved for 
parity bits by the block control module 306. As a result, parity 
pages are recycled along with data pages. Having the parity 
pages in a dedicated instance of the erase blocks 408, possi- 40 

bility 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 502. The parity pages can only be used in a case 
of an uncorrectable error and thus can have an extremely low 45 

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 502 that are read a large 
number of times. 

A read disturb in the memory devices 110 is a change of 50 

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 408. An example of this is 
reading from one page of memory within one of the erase 55 

blocks 408 in the memory devices 110 can corrupt and change 
memory cells in other pages within the one of the erase blocks 
408. 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 60 

is rewritten. 
Each time a page is read in one of the erase blocks 408, a 

small amount of charge change is experienced by other pages 
within the one of the erase blocks 408. Therefore, by reading 
pages in one of the erase blocks 408, the bit error rate (BER) 65 

of the other pages can increase. By locating the RAID-5 
parity data in the erase blocks 408 other than the erase blocks 

The memory devices 110 that form the super devices 406 
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 406 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 502 shown in 
FIG. 5, it is understood that there can be any number of the 
super blocks 502 in the storage control system 100 of FIG. 1. 
The super blocks 502 can be formed in each of the super 
devices 406. For example, since the super blocks 502 spans 
multiple of the memory channels 404, 8 pages within one of 
the super blocks 502 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 charmels 404, or LUNs, and 
not just within one of the erase blocks 408. 

Multiple of the erase blocks 408 grouped into each of the 
super blocks 502 by the block control module 306 provide 
several advantages. One of the advantages is that there fewer 
of the super blocks 502 than a number of the erase blocks 408 
to manage and initialize by the block control module 306. 
Instead of managing lists of the erase blocks 408, lists of the 
super blocks 502 can be managed by the block control module 
306. As a result, data management resources including man­
agement data structures for managing the super blocks 502 
are smaller or less. 

By creating the super blocks 502 that span multiple of the 
chip selects 112 of the memory devices 110, additional 
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advantages are achieved. One advantage is that the super 
blocks 502 provide an infrastructure that supports an internal 
redundant array of independent disks (RAID) architecture 
including RAID-5. The super blocks 502 can be created in a 
way that facilitates efficient host performance, recycling, 5 

RAID, and load balancing performed by the memory access 
module 308. 

defined as a numerical value indicating a number of pages that 
are valid in each of the super blocks 502. 

Since host data 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 contiguously, one 
or more new version of the same host logical sector can exist 
within the super blocks 502. In this case, only one of the host 
sectors can be valid, making other copies in the super blocks 
502 invalid. The valid state of the pages within one of the 

The term "internal" used above for RAID refers to RAID 
within and specific to one of the super blocks 502. RAID 
parity information can be part ofand limited to contents of the 
one of the super blocks 502. As such, operations to the one of 
the super blocks 502 self-contained with respect to providing 
RAID error protection to host data and any stored metadata 
information. 

A number of the erase blocks 408 in each of the super 
blocks 502 can be determined by the super devices 406 of 
FIG. 4. For example, each of the super blocks 502 can include 
at least 16 of the erase blocks 408. Another advantage of the 
super blocks 502 is that the super blocks 502 can include a 
number of the erase blocks 408 that are bad or remapped. If 
one of the super blocks 502 includes a number of the erase 
blocks 408 that are bad blocks, the entirety of the one of the 
super blocks 502 would not be rendered as useless. The erase 
blocks 408 that are bad or unusable can be remapped by the 
block control module 306. 

Within one of the super blocks 502, each of the erase blocks 
408 does not have to be associated with the same erase block 
number (or address) in each of the elements. As an example, 
a portion of the 23rd instance of the super blocks 502 can 
include a number of the erase blocks 408 as follows. 

Channel 0, CEO, LUN0, erase block 23 
Channel 1, CEO, LUN0, erase block 23 
Channel 2, CEO, LUN0, erase block 25 
Channel 3, CEO, LUN0, erase block 23 
Channel 4, CEO, LUN0, erase block 27 
In this example, "Channel" is a corresponding channel 

number of the memory channels 404, "CEO" is chip enable 0, 
"LUN0" is logical unit 0, and "erase block" is an nth instance 
of the erase blocks 408. 

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 along 
with data pages. By implementing RAID within the super 
blocks 502, data and parity pages are recycling together by 
the memory access module 308. 

The super blocks 502 also provide a way for a recycling 
operation performed by the memory access module 308 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. This operation minimizes the number of writes 
to the logical-to-physical log, especially when the host sys­
tem 108 writes larger data blocks. 

Other advantages include fewer statistics, which can be 
included in the metadata pages 508, need to be managed by 
the block control module 306. These statistics can include a 
program-erase count 510 and a valid-page count 512. There 
can be fewer of the metadata pages 508. 

The program-erase count 510 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 502 are programmed or erased by the 
memory access module 308. The valid-page count 512 is 

10 super blocks 502 can be held in both the metadata pages 508 
stored within the super blocks 502 and in the logical-to­
physical (L2P) tabling system within the runtime volatile 
memory in the storage device. 

Each of the super blocks 502 can include one of the meta-
15 data pages 508, denoted as Page-63. Each of the metadata 

pages 508 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 502 and the amount of metadata 
required for each element. Each of the super blocks 502 can 

20 include only one of the metadata pages 508. The metadata 
pages 508 can include logical page indexes of the super 
blocks 502. If the size of the super blocks 502 is properly 
determined, each of the metadata pages 508 can have a size 
that matches a size of a physical page in the memory devices 

25 110. 
The metadata pages 508 can include any additional infor­

mation stored along with host data that can aid in retrieval, 
organization, health of, and current condition or state of the 
memory devices 110. The metadata pages 508 can include but 

30 is not limited to a logical to physical mapping information of 
the host data within the memory devices 110. The metadata 
pages 508 that are held within one of the super blocks 502 can 
representmetadata specific to the one of the super blocks 502. 

During portions of drive operations such as but not limited 
35 to drive initialization, the metadata pages 508 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 502. The 
metadata pages 508 can also be used for storing the health and 
use status of the super blocks 502. The metadata pages 508 

40 can be used to record the current recycling or runtime state of 
the super blocks 502. 

For illustration purposes, the metadata pages 508 are 
labeled by "page-63" to indicate that the metadata pages 508 
are stored in page 63 of one of the erase blocks 408 having 64 

45 pages, although it is understood that the metadata pages 508 
can be stored in the last page or any of the pages in the erase 
blocks 408. This allowed the firmware to know a priori where 
the metadata was held and could be accessed. In this example, 
this can allow firmware to be constructed to always search in 

50 a predetermined location for metadata. 
Recycling operations performed by the memory access 

module 308 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 

55 writing to the L2P log can be minimized. 
The super-block organization is conducive to implement­

ing RAID 5 within the storage drive. The last instance of the 
erase blocks 408 in each of the super blocks 502 can include 
parity pages. For example, parity can be generated using 

60 exclusive-OR operations (XOR). The memory controller 104 
can include support for initializing, building, and writing the 
parity pages. 

Factory and run-time defects can be handled by the 
memory access module 308. If one of the erase blocks 408 

65 within one of the super blocks 502 is bad, the entirety of the 
one of the super blocks 502 can optionally be thrown away. In 
addition, bad instances of the erase blocks 408 in the one of 
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the super blocks 502 can be skipped or ignored by the 
memory access module 308. For example, the memory access 
module 308 can be implemented with the software 212 of 
FIG. 2 to process the super blocks 502 with missing or bad 
instances of the erase blocks 408. 

Statistics for the erase blocks 408 can be used by the block 
control module 306 to estimate remaining lifetime of the 
storage drive or to extend the life of the storage drive if the 
super blocks 502 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 
by the block control module 306. 

Each of the super blocks 502 can include the program­
erase count 510. The program-erase count 510 and the valid­
page count 512 can be managed at a super-block level by the 
block control module 306. The program-erase count 510 can 
be calculated by the block control module 306 each time the 
memory devices 110 are accessed for a program operation or 
an erase operation by the memory access module 308. The 
program-erase count 510 can be used by the block control 
module 306 to determine if wear begins to deteriorate the 
integrity of the memory devices 110. 

14 
It has further been discovered that the super blocks 502 

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 

5 disks (RAID) architecture including RAID-5. 
It has further been discovered that the super blocks 502 

including a number of the erase blocks 408 that are bad or 
remapped provides improved memory resource utilization 
since the super blocks 502 with the unusable blocks 514 do 

10 not have to be thrown away but instead the unusable blocks 
514 are able to be remapped with the spare blocks 516 by the 
memory access module 308 thereby eliminating the short­
coming of traditional super blocks where a bad block renders 

15 the entire super block useless. 
It has further been discovered that the super blocks 502 

provide improved performance since there are fewer statis­
tics, including the program-erase count 510 and the valid­
page count 512, included in the metadata pages 508 that need 

20 to be managed by the block control module 306. 
It has further been discovered that remapping of the unus­

able blocks 514 performed by the memory access module 308 
provide improved performance since the super blocks 502 
that are incomplete cause write performance degradation. 

The super blocks 502 can include any number of unusable 25 

blocks 514, which are defined as blocks that are no longer 
available for access. If one of the erase blocks 408 is one of the 
unusable blocks 514, writing and recycling operations per­
formed by the memory access module 308 on the correspond­

Referring now to FIG. 6, therein is shown a flow diagram of 
a write operation. The flow diagram depicts function of the 
write operation performed by the memory access module 308 
of FIG. 3 to control data flow through the memory groups 402 
of FIG. 4 of the memory devices 110. The flow diagram also 

ing instance of the super blocks 502 can skip over the one of 
the erase blocks 408. 

The super blocks 502 can include remapped blocks for the 
unusable blocks 514. The erase blocks 408 can represent 
spare blocks 516, which are blocks that are available for use. 

30 depicts how the erase blocks 408 for the write operation can 
be traversed or accessed. The write operation is described as 
follows for host write data from the host system 108 of FIG. 
1 to the memory array 106 of FIG. 1 with the write operation 
performed by the memory access module 308. 

If the memory devices 110 include the spare blocks 516, one 35 

of the erase blocks 408 that is one of the unusable blocks 514 
The super blocks 502 ofFIG. 5 can represent a virtual erase 

block. Similar to physical erase blocks (not shown) of the 
memory devices 110, the super blocks 502 as a virtual erase 
block can be written in sequential order by the memory access 
module 308. Because data pages are in different instances of 

can be remapped to one of the spare blocks 516 by the 
memory access module 308. Remapping is preferably not 
spanned over different instances of the memory devices 110. 

There can be multiple levels of performance improvements 
having to do with both the super blocks 502 and the use of 
remapping of the erase blocks 408. The performance 
improvements from the use of the super blocks 502 can be 
from but not limited to the centralized storage of the metadata 
pages 508 in a single location instead of in each of the erase 
blocks 408 in the super blocks 502. Each access to one of the 
erase blocks 408 can incur a latency overhead of reading and 
writing. By only having to access one of the erase blocks 408 
in the super blocks 502, there can be an effective elimination 

40 the memory channels 404 and physically different instances 
of the erase blocks 408, this virtual erase block can be ordered 
such that multiple of the data pages can be written at the same 
time by the memory access module 308. 

For example, the super blocks 502 can represent a 1024-
45 page erase block. In this example, there is one of the metadata 

pages 508 of FIG. 5 and 1023 data pages of SK size in bytes. 
Ifall the spare blocks 516 of FIG. 5 are used, sizes of the super 
blocks 502 can be smaller in this example because there are 
irreplaceable bad blocks. 

of multiple erase block accesses to retrieve the same amount 50 

of information. For host data reading and writing, the remap­
ping function can allow each of the super blocks 502 to have 

For example, "SK" mentioned above refers to a number of 
user bytes in a NAND flash page. In the memory devices 110, 
pages can include a power of 2 bytes of user data and addi­
tional bytes for use by ECC and themetadata pages 508. "SK" 
refers to 8192 bytes. A page can include 8192+640 bytes of 

a full compliment of the erase blocks 408. All of the erase 
blocks 408 within one of the super devices 406 can be 
accessed in a parallel approach with the one of the super 
devices 406 active. 

It has been discovered that the super blocks 502 spanning 
multiple of the memory channels 404 provide improved per­
formance since multiple pages within each of the super 
blocks 502 are capable of being written concurrently by the 
memory access module 308. 

It has also been discovered that multiple of the erase blocks 
408 grouped into each of the super blocks 502 by the block 
control module 306 provide improved performance with 
reduced data management resources since there are fewer of 
the super blocks 502 than a number of the erase blocks 408 to 
manage and initialize by the block control module 306. 

55 storage, in which case SK bytes (8192) can be used for host 
data and 640 extra bytes can be used for but not limited to 
storing logical block address (LBA) information, ECC parity 
bytes, and NAND health information. The grouping of data 
pages in a given size can allow software tabling to be regularly 

60 organized. The term "regularly" refers to in this case consis­
tent in size. 

The super blocks 502 can be used to implement RAID-5 
architectures within the storage drive. The parity pages can be 
stored by the memory access module 308 in the last instance 

65 of the erase blocks 408 within each of the super blocks 502. 
All the parity pages would be included in the same instance of 
the erase blocks 408. 
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For example, data can be stored by the memory access 
module 308 in the first six instances of the memory channels 
404 in one of the super blocks 502. In this example, either data 

16 
example, one of the metadata pages 508 can be mapped by the 
block control module 306 to one of the physical pages 704, 
denoted as "Ch 7, Device 0, Page 127". 

Referring now to FIG. 8, therein is shown a functional 
block diagram of a recycle operation. The functional block 
diagram depicts an operation of recycling data performed by 
the memory access module 308 of FIG. 3. 

or optionally one of the metadata pages 508 can be stored by 
the memory access module 308 in the seventh instance of the 5 

memory channels 404 and a parity page can be stored by the 
memory access module 308 in the eighth or last instance of 
the memory channels 404. The memory access module 308 can include a flash trans­

lation layer (FTL ), not shown, to recycle the super blocks 502 
10 of FIG. 5 for different reasons. Some of these reasons can 

Since the instance of the erase blocks 408 can be used or 
read only if there are uncorrectable error correction code 
(ECC) errors, the instance of the erase blocks 408 would not 
experience read disturbs. By having parity stored along with 
the super blocks 502, the erase blocks 408 with the parity can 
be erased along with the rest of the super blocks 502 during a 
recycling process performed by the memory access module 15 

308. 

include freeing space and wear leveling. Regardless of the 
reason, the FTL can perform the same steps to recycle the 
super blocks 502. 

When recycling one of the super blocks 502, it is under­
stood that there is no performance advantage to keep the 
logical pages 702 in the same instance of the memory chan­
nels 404 because the logical pages 702 are to be copied into an 
external memory outside the memory channels 404 by the 
memory access module 308. As such, the functional block 

When RAID architecture is used by the memory access 
module 308 for protection against a die or device, page, or 
erase block failure, a RAID stripe operation can be performed 
such that a parity page is not stored in the same instance of the 
memory devices 110 that are used to store data pages. After 
performing iteration through the super blocks 502, the parity 
page can be written by the memory access module 308. As a 
result, a RAID buffer can be used to maintain the current 
parity page by the memory access module 308 for each 
instance of the super blocks 502 that is open. 

20 diagram depicts some of the logical pages 702, denoted with 
strikethroughs, which are not kept and therefore not written to 
the external memory by the memory access module 308. 

The external memory can be implemented in the memory 
access module 308. The external memory can be imple-

The super blocks 502 that are open are blocks that are still 
under construction. In other words, the super blocks 502 are 
still being added to or being filled with user data or the 
metadata pages 508 have not been written. Any time there are 
unwritten pages in any of the erase blocks 408 that make up 
one of the super blocks 502, the one of the super blocks 502 

25 mented using the storage unit 204. For example, the storage 
unit 204 can include Double Data Rate Random Access 
Memory (DDR RAM or DDRAM) or Scratch Pad Memory 
(SPM) to implement the external memory. 

By having the super chip selects 504 of FIG. 5 of the super 

is considered open. In other words, open also refers to not 
completely logically written. The super blocks 502 can be 
closed without writing all of the physical pages, but when the 
state of the super blocks 502 is set to "closed", no more 
writing is allowed to take place, even if there are gaps or 
un-written pages within the super blocks 502. 

30 blocks 502 spanning multiple of the chip selects 112 of FIG. 
1, valid pages in the memory devices 110 controlled by the 
chip selects 112 can be rebalanced during the recycling opera­
tion performed by the memory access module 308. The valid 
pages are the last temporal copy of a given host logical page. 

For example, the memory access module 308 can include 
12 RAID buffers for building or generating parity pages. As a 
result, 12 different RAID stripes can be operated at any given 
time. When RAID is not implemented on a super block basis, 
larger sizes of the super blocks 502 and less space for the 
parity pages can be used by the memory access module 308. 

35 Every time the host system 108 of FIG. 1 writes a logical 
sector or page, any previous copy of the logical sector or page 
that is held within persistent or non-persistent memory can be 
then considered not valid or an older copy. For example, the 
non-persistent memory can represent the memory devices 

40 110. 

Referring now to FIG. 7, therein is shown an example 45 

diagram of logical-to-physical page mapping. The example 
diagram depicts a mapping operation of logical pages 702 
mapped to physical pages 704 in the memory devices 110 of 
FIG. 1. The mapping operation can be performed by the block 
control module 306 of FIG. 3. The logical pages 702 are 50 

defined as association or grouping of the physical pages 704 
in the memory devices 110. The physical pages 704 are 
defined as pages in the memory devices 110. 

The logical pages 702 are different from the physical pages 
704. The logical pages 702 do not represent the physical 55 

arrangement of pages in the memory devices 110. On the 
other hand, the physical pages 704 represent the physical 
arrangement of pages in the memory devices 110. For 
example, the physical pages 704 can represent flash pages. 

The example diagram depicts a first physical instance, 60 

denoted as "Device 0", of the memory devices 110. The first 
physical instance can include 128 of the physical pages 704, 
each of which spans across 8 of the memory channels 404 of 
FIG. 4, denoted as "Ch 0", "Ch 1" . .. "Ch 7". 

As an example, SK of the physical pages 704 in Device 0 65 

can be mapped by the block control module 306 to two 4K of 
the logical pages 702, where lK is equal to 1024. As another 

There can be only one valid copy of the logical sector or 
page of host data. When a storage device or drive is formatted 
or freshly initialized, there would be no valid pages. Only 
after the storage device has been written to, are there valid 
pages. A special case is read accesses to a logical page not 
written can internally not have a valid page associated with 
them. In this special case, the storage device or drive can 
return a fixed uninitialized value to the host system 108. For 
example, a value of 0xFF in hexadecimal can be returned for 
an unwritten logical address space or a returned value can be 
set by special commands from the host system 108. 

The functional block diagram depicts an example of first 16 
of the logical pages 702 of one of the super blocks 502. The 
functional block diagram depicts how the recycle operation 
compact data by the memory access module 308. For clarity 
purposes, the metadata pages 508 of FIG. 5 are excluded in 
the functional block diagram for convenience of analyzing 
load balancing performed by the memory access module 308. 

The functional block diagram depicts recycle pages 802 
and write pages 804. The recycle pages 802 are a number of 
the logical pages 702 that are not saved to the external 
memory by the memory access module 308. The memory 
channels 404 that include the recycle pages 802, denoted with 
strikethroughs, are to be made available for writing data, for 
example, either during the recycle operation or in subsequent 
write operations performed by the memory access module 
308. 
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The write pages 804 are a number of the logical pages 702 
that are kept and thus to be saved to the external memory by 
the memory access module 308. Subsequently, the write 
pages 804 can be written or saved by the memory access 
module 308 to first 8 of the memory channels 404, some of 5 

which are made available by not keeping the recycle pages 
802. 

The recycle operation performed by the memory access 
module 308 can rebalance the data between the memory 
channels 404. For example, let one of the super blocks 502 10 

spans across eight instances of the memory channels 404, 
denoted as Channel O to Channel 7. Also for example, let 
Charmel 0, Channel 1, Channel 2, Charmel 3, Channel 4, 
Charmel 5, Charmel 6, and Channel 7 include a number of the 
logical pages 702 that are determined valid by the memory 15 

access module 308 as 0, 1, 2, 2, 0, 0, 2, and 1, respectively. The 
recycle operation can rebalance the data between the memory 
channels 404 with Charmel 0, Channel 1, Charmel 2, Channel 
3, Charmel 4, Channel 5, Channel 6, and Channel 7 having a 
number of the logical pages 702 that are valid as 1, 1, 1, 1, 1, 20 

1, 1, and 1, respectively. 
Using the super blocks 502, the data that are written can be 

kept together, for example, in large single blocks during the 
write operation and after the recycle operation are completed 
by the memory access module 308. By using the super blocks 25 

502, data pages can be moved by the memory access module 

18 
blocks 408 per each of the super blocks 502, a number of the 
super devices 406, a number of the super blocks 502, and a 
size of one of the metadata pages 508 can be 16, 8, 32K, and 
16 KB, respectively. 

In the examples above, each of the super blocks 502 having 
eight of the erase blocks 408 can be selected by the block 
control module 306 of FIG. 3. However, it is understood that 
the software 212 of FIG. 2 can be implemented in the block 
control module 306 to support the super blocks 502 of any 
sizes. 

Referring now to FIG. 9, therein is shown an example of a 
detailed control flow of the memory access module 308. The 
detailed control flow represents a state diagram of operational 
states of a number of the super devices 406 of FIG. 4. 

The memory access module 308 can include an idle mod­
ule 902, a host-write module 904, a recycle-read module 906, 
and a recycle-write module 908. The idle module 902, the 
host-write module 904, the recycle-read module 906, or the 
recycle-write module 908 can be performed based on the 
operational states of the super devices 406. Regardless of the 
dimension of the super blocks 502 of FIG. 5, the memory 
access module 308 can control the super devices 406 using 
the idle module 902, the host-write module 904, the recycle­
read module 906, or the recycle-write module 908. 

The state diagram depicts an operation of the memory 
access module 308 either with or without recycling opera­
tions. When recycling is not enabled, the super devices 406 
can be operated and controlled by the idle module 902 or the 
host-write module 904. When recycling is enabled, the super 

3 08 in the same order that the host system 108 writes the data 
pages. As such, the number of writes to the L2P log can be 
minimized when recycling large-block writes is performed 
by the memory access module 308. 

As for the erase blocks 408 of FIG. 4, all the erase blocks 
408 in each of the super blocks 502 can be erased at the same 
time by the memory access module 308. During an erasure 
operation of the entirety of the super blocks 502 at one time, 

30 devices 406 can be operated and controlled by the idle module 
902, the host-write module 904, the recycle-read module 906, 
or the recycle-write module 908. 

the entirety of the super devices 406 of FIG. 4 associated with 35 

the super blocks 502 being erased is unavailable for reads. 
The super blocks 502 can optionally be erased in smaller 

groups or even singularly to accommodate read operations 
requested by the host system 108 or conserve operation 
power. It is understood that the super devices 406 that are used 40 

in the erasure operation can be different from the super 
devices 406 that are used in the write operation requested by 
the host system 108. Therefore, the erasure or recycle opera­
tion does not affect host writes. 

As an example, the memory devices 110 can represent 45 

32-nanometer (nm) multi-level cell (MLC) flash memory 
devices. As another example, the memory devices 110 can 
include a multi-plane architecture. 

For example, the memory devices 110 can be used to 
construct a 512-gigabyte (GB) drive. The memory devices 50 

110 can include 4096 of the erase blocks 408 and additional 
blocks for the spare blocks 516 of FIG. 5. The memory 
devices 110 can include 128 of8K pages per each of the erase 
blocks 408, where lK is equal to 1024. As such, there can be 
512K of the erase blocks 408, each having a size of I-mega- 55 

byte (MB), where 1 MB is equal to 2'20 bytes. The symbol"'" 
refers to "to the power of'. With 4K of the logical pages 702, 
sizes of the super blocks 502 can be determined as follows. 

As an example, a number of the erase blocks 408 per each 
of the super blocks 502, a number of the super devices 406, a 60 

number of the super blocks 502, and a size of one of the 
metadata pages 508 can be 4, 32, 128K, and 4 KB, respec­
tively. As another example, a number of the erase blocks 408 
per each of the super blocks 502, a number of the super 
devices 406, a number of the super blocks 502, and a size of 65 

one of the metadata pages 508 can be 8, 16, 64K, and 8 KB, 
respectively. As yet another example, a number of the erase 

When the super devices 406 are controlled by the idle 
module 902, the super devices 406 are in a healthy state. If 
recycling is enabled, the super devices 406 are the healthiest 
from the recycle operation. The super devices 406 can be 
subsequently used for host writes. The healthy state of the 
super devices 406 will be subsequently described in more 
details. 

When the super devices 406 are controlled by the host-
write module 904, the super devices 406 are servicing host 
writes requested from the host system 108 of FIG. 1 to the 
memory controller 104 of FIG. 1. A number of the super 
devices 406 can be in this state. When the health of one of the 
super devices 406 in this state becomes less than that of 
anotherof the super devices 406 controlled by the idle module 
902, control of these two instances of the super devices 406 
can be swapped by the memory access module 308. A swap 
operation can take place when the super devices 406 finish 
writing one of the metadata pages 508 of FIG. 5 for the super 
blocks 502. 

When one of the super devices 406 is controlled by the 
recycle-read module 906, the one of the super devices 406 
includes the super blocks 502 that are being recycled. Valid 
pages can be read out or the super blocks 502 can be erased by 
the recycle-read module 906. Each time a recycle operation 
performed for the super blocks 502 is completed, the memory 
access module 308 can determine if the super devices 406 are 
to be transitioned to a different state by transferring control to 
the appropriate module in the memory access module 308. 

When one of the super devices 406 is controlled by the 
recycle-write module 908, the one of the super devices 406 is 
writing relocated valid pages from another of the super 
devices 406 that is controlled by the recycle-read module 906. 
Instances of the super devices 406 that are being written can 
be different from instances of the super devices 406 that are 
being read so that the next set of recycle pages can be read 
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while the current set of pages are being written. As such, the 
super devices 406 can be rebalanced by the memory access 
module 308. 

A recycle operation is a process of reclaiming the super 
blocks 502 that are older or written a longer time in the past. 5 

The super blocks 502 that are reclaimed can have only a 
portion of pages valid or the age of the super blocks 502 can 
require the data to be moved for retention reasons. In this 
process, one or more of the super blocks 502 can be identified 

20 
increased performance since an incomplete super block 
decreases write performance. When bad blocks are 
remapped, the memory access module 308 can interface with 
the block control module 306 of FIG. 3. 

The block control module 306 can be used to determine 
which of the erase blocks 408 can be used to replace the bad 
blocks. The erase blocks 408 used for replacing the bad 
blocks can include those that make up or are included in the 
super blocks 502. Such instances of the erase blocks 408 can 
include the erase blocks 408 that are previously remapped. 

The block control module 306 can also determine instances 
of the super blocks 502 to which the erase blocks 408 belong. 
This operation is performed when super-block statistics, 
including the valid-page count 512 of FIG. 5, is updated by 

to read valid pages from and rewrite them to a new open super 10 

block. During the recycle operation, valid pages can be read 
from a donor super block and written to a new open super 
block, and stale or invalid pages (pages where there is a new 
temporal copy) are not read from ( or moved out of) the donor 
super block. 15 the block control module 306. For example, if a page in one of 

the erase blocks 408 that is remapped is obsolete, the L2P log 
can return the previous address in terms of the physical erase 
block. The valid-page count 512 in the corresponding 

Partitioning the super devices 406 into the states described 
above by the memory access module 308 can avoid several 
conflicts. For example, a host-write operation performed by 
the host-write module 904 conflict with an erase operation 
performed either by the recycle-read module 906 or the 20 

recycle-write module 908 can be avoided because each of 
these operations is performed for different instances of the 
super devices 406. The memory access module 308 can 
optionally include a scheduler implementation in a case of 
conflict with host reads because the host reads can be associ- 25 

ated with any of the erase blocks 408 of FIG. 4 at any time. 
The idle module 902, the recycle-read module 906, and the 

recycle-write module 908 form a loop. The healthy state of 
each of the super devices 406 can be determined based on a 
number of the super blocks 502 that are ready-for-use. In 30 

other words, the higher the number of the super blocks 502 
that are ready-for-use, the "healthier" the super devices 406 
are. 

The super devices 406 in this loop work together to create 
healthier super devices. At any given time, the super devices 35 

406 controlled by the idle module 902 can represent the 
healthiest ( or close to the healthiest) super devices in this 
recycle loop. As a result, the memory access module 308 can 
swap the super devices 406 controlled by the host-write mod-
ule 904 with the super devices 406 controlled by the idle 40 

module 902. 

instance of the super blocks 502 can be updated by the block 
control module 306. 

A mapping operation of the bad blocks can be captured in 
a persistent manner, for example, using a serial data link 
protocol including a Serial Peripheral Interface (SPI) or any 
other synchronous serial data link protocol by the memory 
access module 308. Persistent marmer refers to storage of 
information across power cycles. Configuration information 
and operational firmware can be stored in an SPI device, 
which can represent a NOT-OR (NOR) type non-volatile 
memory or a non-volatile low power flash memory device. 
The SPI device can be separate from the memory devices 110 
that are used for storing host data. The SPI device can be 
seldom written and can have extremely long persistence, 
which is good for but not limited to storing the configuration 
information and the operational firmware. 

The mapping data structures can be rebuilt during initial­
ization by the memory access module 308. In order for the 
remapping operation to be beneficial, the cost of using the 
mapping data structures is less than the theoretical increased 
performance. 

Functions or operations of the memory controller 104 as 
described above can be implemented with the control unit 202 
ofFIG. 2, the storage unit 204 of FIG. 2, the memory interface 
unit 206 of FIG. 2, the host interface unit 208 of FIG. 2, or a 
combination thereof. For example, the channel control mod-

If state transitions negatively affect performance, hyster­
esis can be used so that the super devices 406 can stay in each 
state a little longer. The state transitions can negatively affect 
the performance because an increase of a number of state 
transitions cause an increase in execution time of an operation 
and thus decreasing an overall system throughput. For 
example, hysteresis can be provided by increasing a threshold 
numerical value for comparing an output of a function of state 
input parameters resulting in a number of the state transitions 
would decrease thereby improving the performance. 

45 ule 302 of FIG. 3 can be implemented with the control unit 
202 to partition the memory charmels 404 of FIG. 4 with the 
memory devices 110. Also for example, the device control 
module 304 of FIG. 3 can be implemented with the control 
unit 202 to select the super devices 406 with one of the 

As for remapping bad blocks, a number of the erase blocks 
408 that are available in a die or LUN can be allocated so that 
they can be used in place of factory or run-time defects. For 
example, 56 of the erase blocks 408 can be saved and be used 
to replace defective blocks. 

For example, since there can be over 56 bad blocks over the 
lifetime of the memory devices 110 of FIG. 1, the super 
blocks 502 that are incomplete can be processed by the 
memory access module 308. The remapping operation can be 
performed to cover factory defects and any infant mortality. 
Incomplete refers to the super blocks 502 that are currently 
not assigned a full complement of the erase blocks 408. In 
other words, the super blocks 502 can represent partially 
utilized super blocks. 

Remapping bad blocks can optionally be performed by the 
memory access module 308 to provide an advantage of 

50 memory devices 110 from one of the memory channels 404. 
As an example, the block control module 306 can be imple­

mented with the control unit 202 to select the super blocks 
502 associated with only one instance of the super devices 
406 or the super chip selects 504 of FIG. 5. As another 

55 example, the block control module 306 can be implemented 
with the control unit 202 to write the super blocks 502 with 
the parity information 506 of FIG. 5 in the erase blocks 408 at 
the end of the super blocks 502. 

As an example, the block control module 306 can be imple-
60 mented with the control unit 202 to select the super blocks 

502 having the program-erase count 510 of FIG. 5, the valid­
page count 512, the spare blocks 516 of FIG. 5, and the 
metadata pages 508. As another example, the block control 
module 306 can be implemented with the control unit 202 to 

65 select the super blocks 502 having the unusable blocks 514 of 
FIG. 5 and remap the unusable blocks 514 with the spare 
blocks 516. 
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For example, the idle module 902 can be implemented with 
22 

2. The method as claimed in claim 1 wherein the performed 
operation is a program operation or an erase operation. the control unit 202 to operate and control the super devices 

406. Also for example, the host-write module 904 can be 
implemented with the control unit 202 to operate and control 

3. The method as claimed in claim 1 wherein selecting the 
super block includes utilizing a super chip select correspond­

s ing the super block to select the super block, wherein the 
super chip select controls a chip select of each memory device 
in the first subset of the plurality of memory devices. 

the super devices 406. Further for example, the recycle-read 
module 906 can be implemented with the control unit 202 to 
control the super devices 406, erase the super blocks 502. Yet 
further for example, the recycle-write module 908 can be 
implemented with the control unit 202 to control the super 
devices 406 and write the relocated valid pages from the 10 

another of the super devices 406 that is controlled by the 
recycle-read module 906. 

Referring now to FIG. 10, therein is shown a flow chart of 
a method 1000 of operation of the storage control system 100 
of FIG. 1 in a further embodiment of the present invention. 15 

The method 1000 includes: partitioning memory chamiels 
with memory devices in a block 1002; selecting a super 
device with one of the memory devices from one of the 
memory channels, the super device having a super chip select 
connected to chip selects of the memory devices in a block 20 

1004; and selecting a super block associated with the super 
device in a block 1006. 

Thus, it has been discovered that the storage control system 
100 of the present invention furnishes important and hereto­
fore unknown and unavailable solutions, capabilities, and 25 

functional aspects for a storage control system with data 
management mechanism. The resulting method, process, 
apparatus, device, product, and/or system is straightforward, 
cost-effective, uncomplicated, highly versatile, accurate, sen­
sitive, and effective, and can be implemented by adapting 30 

known components for ready, efficient, and economical 
manufacturing, application, and utilization. 

Another important aspect of the present invention is that it 
valuably supports and services the historical trend of reducing 
costs, simplifying systems, and increasing performance. 

These and other valuable aspects of the present invention 
consequently further the state of the technology to at least the 
next level. 

While the invention has been described in conjunction with 

35 

a specific best mode, it is to be understood that many alterna- 40 

tives, modifications, and variations will be apparent to those 
skilled in the art in light of the aforegoing description. 
Accordingly, it is intended to embrace all such alternatives, 
modifications, and variations that fall within the scope of the 
included claims. All matters hithertofore set forth herein or 45 

shown in the accompanying drawings are to be interpreted in 
an illustrative and non-limiting sense. 

4. The method as claimed in claim 1 wherein the super 
block includes one or more spare blocks. 

5. The method as claimed in claim 4 further comprising: 
in accordance with a determination that the super block 

contains a bad block, remapping the super block, the 
remapping comprising: 
designating the bad block as an unusable block; and 
designating a spare block of the one or more spare blocks 

as a usable block; and 
updating the metadata corresponding to the super block, 

wherein updating the metadata includes updating a map­
ping of the super block and updating a valid page count 
for the super block. 

6. The method as claimed in claim 1 wherein the operation 
is a program operation and the method further comprises 
writing parity information within the super block, the parity 
information corresponding to the program operation. 

7. The method as claimed in claim 1 
wherein the metadata includes information corresponding 

to host data stored within the super block. 
8. The method as claimed in claim 1 wherein the plurality 

of super blocks include the super block and a second super 
block, the second super block comprising a second plurality 
of blocks; 

wherein the plurality of blocks comprising the first super 
block correspond to a first plane; and 

wherein the second plurality of blocks correspond to a 
second plane, distinct from the first plane. 

9. The method as claimed in claim 1 wherein the storage 
system comprises a plurality of super devices, including the 
super device; and 

the method further comprises: 
designating a first subset of the plurality of super devices 

as available for host operations, the first subset includ­
ing the super device; 

designating a second subset of the plurality of super 
devices as requiring recycling; and 

designating a third subset of the plurality of super 
devices as available for receiving data from super 
devices being recycled. 

What is claimed is: 
1. A method of operation of a storage system comprising a 

plurality of memory devices partitioned into a plurality of 
memory groups, the method comprising: 

10. The method as claimed in claim 9 wherein designating 
the first subset of the plurality of super devices as available for 

so host operations includes designating the first subset based in 
part on health information corresponding to the first subset of 
super devices. 

selecting a super block corresponding to a super device; 
wherein the super block comprises a plurality of blocks 

from a first subset of the plurality of memory devices, 55 

the first subset including at least one memory device 
from each of two or more of the memory groups; and 

wherein the super device comprises a plurality of super 
blocks including the super block; 

performing an operation on the super block; and 
updating metadata corresponding to the super block; 

wherein the metadata is stored in one or more blocks 
within the super block, the one or more blocks desig­
nated for storing non-host information; and 

60 

wherein the metadata includes a program-erase count 65 

indicative of the number of times the super block has 
been programmed and erased. 

11. A storage system comprising: 
a plurality of memory devices partitioned into a plurality of 

memory groups; and 
a storage controller coupled to the plurality of memory 

devices, the storage controller configured to: 
select a super block corresponding to a super device; 

wherein the super block comprises a plurality of 
blocks from a first subset of the plurality of 
memory devices, the first subset including at least 
one memory device from each of two or more of the 
memory groups; and 

wherein the super device comprises a plurality of 
super blocks including the super block; 

perform an operation on the super block; and 
update metadata corresponding to the super block; 
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ther configured to write parity information within the super 
block, the parity information corresponding to the program 
operation. 

17. The system as claimed in claim 11 
wherein the metadata includes information corresponding 

to host data stored within the super block. 

wherein the metadata is stored in one or more blocks 
within the super block, the one or more blocks 
designated for storing non-host information; and 

wherein the metadata includes a program-erase count 
indicative of the number of times the super block 5 

has been programmed and erased. 
12. The system as claimed in claim 11 wherein the per­

formed operation is a program operation or an erase opera­
tion. 

13. The system as claimed in claim 11 wherein selecting 
the super block includes utilizing a super chip select corre­
sponding the super block to select the super block, wherein 

18. The system as claimed in claim 11 wherein the plurality 
of super blocks include the super block and a second super 
block, the second super block comprising a second plurality 

10 
ofblocks; 

wherein the plurality of blocks comprising the first super 
block correspond to a first plane; and 

the super chip select controls a chip select of each memory 
device in the first subset of the plurality of memory devices. 

14. The system as claimed in claim 11 wherein the super 
block includes one or more spare blocks. 

15. The system as claimed in claim 11 the storage control­
ler further configured to: 

wherein the second plurality of blocks correspond to a 
second plane, distinct from the first plane. 

19. The system as claimed in claim 11 wherein the storage 
15 system comprises a plurality of super devices, including the 

super device; and 
the storage controller is further configured to: 

in accordance with a determination that the super block 20 

contains a bad block, remap the super block, the remap-

designate a first subset of the plurality of super devices 
as available for host operations, the first subset includ­
ing the super device; 

designate a second subset of the plurality of super 
devices as requiring recycling; and ping comprising: 

designating the bad block as an unusable block; and 
designating a spare block of the one or more spare blocks 

as a usable block; and 
update the metadata corresponding to the super block, 

wherein updating the metadata includes updating a map­
ping of the super block and updating a valid page count 
for the super block. 

16. The system as claimed in claim 11 wherein the opera­
tion is a program operation and the storage controller is fur-

25 

designate a third subset of the plurality of super devices 
as available for receiving data from super devices 
being recycled. 

20. The system as claimed in claim 19 wherein designating 
the first subset of the plurality of super devices as available for 
host operations includes designating the first subset based in 
part on health information corresponding to the first subset of 

30 super devices. 

* * * * * 
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