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1 

ELECTRONIC SYSTEM WITH STORAGE 
MANAGEMENT MECHANISM AND 

METHOD OF OPERATION THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

2 
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 an 
electronic system, including: forming a superblock by orga-

This application claims the benefit of U.S. Provisional 
Patent Application Ser. No. 61/529,913 filed Aug. 31, 2011, 
and the subject matter thereof is incorporated herein by ref­
erence thereto. 

TECHNICAL FIELD 

lO nizing an erase block according to a wear attribute; detecting 
a trigger count of the wear attribute of the superblock; updat­
ing a metadata table with the trigger count; and triggering a 
recycling event of the superb lock based on the metadata table. 

The present invention relates generally to an electronic 
system and more particularly to a system with storage man­
agement. 

15 
The present invention provides an electronic system, 

including: a block module for forming a superblock by orga­
nizing an erase block according to a wear attribute; a table 
module, coupled to the block module, for detecting a trigger 
count of the wear attribute of the superblock; an update mod-BACKGROUND ART 

All electronic systems require some form of memory or 
storage. Data storage, often called storage or memory, refers 

20 ule, coupled to the table module, for updating a metadata table 
with the trigger count; and a recycle module, coupled to the 
update module, for triggering a recycling event of the super­
block based on the metadata table. to computer components and recording media that retain 

digital data. Data storage is a core function and fundamental 
component of consumer and industrial electronics, especially 25 

devices such as computers, televisions, cellular phones, 
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. One of these is flash Electrically Erasable Programmable 30 

Read-Only Memory (EEPROM). Flash EEPROM memory 
includes a plurality of floating-gate field effect transistors 
arranged as memory cells. NAND flash is one form of non­
volatile memory used in solid state storage devices. The 
memory cells are arranged in typical row and colunm fashion 35 

with circuitry for accessing individual cells. The memory 
transistors of those cells can store an analog value that can be 
interpreted to hold two logical states for Single Level Cell 
(SLC) or more than two logical states as for Multi Level Cells 
(MLC). 40 

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 an electronic system with storage 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 the storage management 
for the electronic system of FIG. 1. 

FIG. 4 is a block diagram of a metadata table of the elec­
tronic system of FIG. 1. 

FIG. 5 is a control flow of the memory controller of FIG. 2. 
FIG. 6 is a flow chart of a method of operation of the 

electronic 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, like a typical EEPROM cell but in 
contrast to Dynamic random-access memory (DRAM) 
memory, retains information when power is removed. Flash 
EEPROM memory has a number of characteristics, which 
adapt it to use as long-term memory. It is light in weight, 45 

occupies very little space, and consumes less power than 
electromechanical disk drives. Construction of a storage sys­
tem with this type of memory allows for much higher band­
width and higher input output operations per second than a 
typical electromechanical disk drive. 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 electromechani-

50 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 without 
departing from the scope of the present invention. 

In the following description, numerous specific details are cal hard disk drive. A problem exhibited by flash memory is 
that it tends to have a limited life in use. 55 given to provide a thorough understanding of the invention. 

Thus, a need still remains for better storage management to 
prolong the performance and durability of electronic systems. 
In view of the increasing demand for storage management of 
electronic systems, it is increasingly critical that answers be 
found to these problems. In view of the ever-increasing com- 60 

mercial competitive pressures, along with growing consumer 
expectations and the diminishing opportunities for meaning-

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. Similarly, although 
the views in the drawings for ease of description generally 

ful 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. 

65 show similar orientations, this depiction in the FIGs. is arbi­
trary for the most part. Generally, the invention can be oper­
ated in any orientation. 
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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 5 

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. 

4 
destinations. The external sources and the external destina­
tions 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 dedicated hardware 
such is an application-specific integrated circuit (ASIC), con-

The term "module" referred to herein can include hard­
ware, software running on or coupled to hardware, or a com­
bination thereof in the present invention in accordance with 

10 figurable hardware such as an FPGA (Field programmable 
Gate Array), discrete electronic hardware, or a combination 
thereof. 

the context in which the term is used. For example, the soft­
ware can be machine code, firmware, embedded code, and 
application software. Also for example, the hardware can be 15 

circuitry, processor, computer, integrated circuit, integrated 
circuit cores, a microelectromechanical system (MEMS), 
passive devices, environmental sensors including but not lim­
ited to temperature sensors, or a combination thereof. 

The storage unit 204 can include hardware, control firm­
ware, and the software 212. The storage unit 204 can contain 
a volatile memory, a non-volatile memory, an internal 
memory, an external memory, or a combination thereof. For 
example, the storage unit 204 can be a non-volatile 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 communication 
that is external to the memory controller 104. The storage 
interface 214 can receive information from the other func-

Referring now to FIG. 1, therein is shown an electronic 20 

system 100 with storage management mechanism in an 
embodiment of the present invention. The electronic system 
100 includes a memory sub-system 102 having a memory 
controller 104 and a memory array 106. The electronic sys­
tem 100 includes a host system 108 communicating with the 
memory sub-system 102. 

25 tional units or from external sources, or can transmit infor­
mation to the other functional units or to external destina-

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 30 

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 35 

memory controller 104 for reading, writing, and deleting data 
from or to the logical address space of the storage device 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 40 

devices 110. Each of the chip selects 112 can be used to 
control the operation of one of the memory devices 110. 
When the chip selects 112 are enabled, the memory devices 
110 are in active state for operation including reading, writ­
ing, or recycling. This is also true for sub addresses LUNs 45 

(logical units) within a device controlled by one chip select. 

tions. The external sources and the external destinations 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 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
face 210. 

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 50 

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 host interface unit 208 allows the host system 108 of 

55 FIG. 1 to interface and interact with the memory controller 
104. The host interface unit 208 can include a host interface 

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 60 

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 65 

other functional units or from external sources, or can trans-
mit information to the other functional units or to external 

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 
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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 func- 5 

tions of the memory controller 104. 
Referring now to FIG. 3, therein is shown an example 

diagram of the storage management for the electronic system 
100 of FIG. 1. The example includes erase blocks 304 of 
non-volatile memory in the memory array 106 of FIG. 1. The 10 

portion of the erase blocks 304 are grouped into a superblock 
302 and the example also includes multiple superblocks. 

The superblock 302 is defined as a grouping of some of the 
erase blocks 304. The superblock 302 can be a virtual or 15 
logical grouping of the erase blocks 304. The memory con­
troller 104 of FIG. 1 can manage data on a superb lock level, 
instead of an individual erase block level to reduce the volume 

6 
The trigger count 310 is a value that can trigger the recy­

cling of the superblock 302. The trigger count 310 can be 
associated with a value for the read count 305, the write age 
306, and the leakage 307. A single value for the trigger count 
310 can represent all of the erase blocks 304 within the 
superblock 302 because recycling occurs on a superblock 
level. If the superblock 302 has undergone an erase/write 
verify cycle, the trigger count 310 for the read count 305 and 
the leakage 307 can be reset. 

Referring now to FIG. 4, therein is shown a block diagram 
of a metadata table 402 of the electronic system 100 of FIG. 
1. The metadata table 402 is defined as a record including data 
structures, tables, and indexes of the memory array 106 of 
FIG. 1. The metadata table 402 stores information associated 
with the physical and logical attributes of the memory array 
106. For example, the metadata table 402 can include a record 
of the wear attribute 303. 

The metadata table 402 includes tabling infrastructure and 
linkages of metadata of the superb lock 302 of FIG. 3. During of information that needs to be tracked to manageable levels. 

The organization of the superblock 302 can be based on 
groupings of the erase blocks 304 based on a wear attribute 
303. The organization of the superblock 302 can be based on 
age characteristics, use models that support various types of 
retention strategy, or a combination thereof. The superblock 
302 will be explained in further detail below. 

20 operation of the electronic system 100, themetadata table 402 
can be updated by changes made to the superblock 302 
including changes to the wear attribute 303 of the erase blocks 
304 of FIG. 3. The metadata table 402 can include a program 
erase block index 404 and a block table 406. 

25 

The wear attribute 303 is defined as a characteristic of the 
erase blocks 304 that degrades the reliability of the erase 
blocks 304 to retain information. For example, the wear 
attribute 303 of the erase blocks 304 can include a read count 
305, a write age 306, and a leakage 307. The wear attribute 30 

303 can also include an amount of bit errors of the erase 
blocks 304 as another characteristic that degrades the reliabil-

The program erase block index 404 is defined as an index 
for mapping the logical unit number of blocks to the physical 
address within the non-volatile memory structure. The pro­
gram erase block index 404 can be stored on the storage unit 
204 of FIG. 2 and can be modified by the memory controller 
104 of FIG. 1. 

The program erase block index 404 can include a base 
pointer 407 associated with each of the erase blocks 304 of the 
non-volatile memory. For example, "base pointer O" can pro­
vide an index for linking a logical unit number to the physical 
address of the first of the erase blocks 304 in the superblock 
302. During recycling, if another one of the erase blocks 304 

ity of the erase blocks 304 to retain information. 
The read count 305 is a value of a number ofreads for one 

of the erase blocks 304. The read count 305 indicates the 35 

relative age of one of the erase blocks 304. The read count 305 
can also be used to indicate the relative retention age or the 
relative read disturb age for one of the erase blacks 304. The 
read count 305 can be reset if the erase blocks 304 in the 
superblock 302 are recycled by an erase/write verification 
cycle. 

The write age 306 refers to the endurance of the erase 
blocks 304 and is the number of times the erase blocks 304 

is assigned to the superblock 302, the program erase block 
index 404 can be updated with the new physical address of the 
new spare block. The program erase block index 404 can 

40 include an N number of the base pointer 407 to index the erase 
blocks 304. 

has been erased and rewritten. The write age 3 06 accumulates 
during the life span of the erase blocks 304. The leakage 307 45 

of the erase blocks 304 refers to the retention characteristics 

The block table 406 records information regarding the 
metadata of the erase blocks 304 of the superblock 302. The 
block table 406 can also include the wear attribute 303 of the 
erase blocks 304 within the superblock 302. The block table 
406 can also include a valid page count and a logical number 
for the superblock 302. of the erase blocks 304 and is the loss of electric charge over 

time. The leakage 307 of the erase blocks 304 can be resent 
after recycling of the superblock 302. 

The electronic system 100 can include a condition table 
308. The condition table 308 is defined as a record for track­
ing information and metadata of the superblock 302 across 
power cycles. For example, the condition table 308 can be a 
record of the wear attribute 303. The condition table 308 can 

The metadata table 402 can be stored on the storage unit 
204 and can be modified by the memory controller 104. 

50 During operation of the electronic system 100, the metadata 
table 402 can be copied and modified in volatile memory, 
such as random access memory (RAM). 

be generated before the electronic system 100 is powered off 55 

and the condition table 308 can be stored in non-volatile 

Referring now to FIG. 5, therein is shown a control flow of 
the memory controller 104 of FIG. 2. The memory controller 
104 can include a block module 504, a table module 506, an 
error module 508, a status module 512, a condition module 

memory. The condition table 308 can include a trigger count 
310. The condition table 308 will be explained in further 
detail below. 

The trigger count 310 is defined as a value for one of the 
erase blocks 304 having the highest value for the wear 
attribute 303 in the superblock 302. For example, the trigger 
count 310 can be the value of the read count 305 of one of the 
erase blocks 304 in the superb lock 302 with the highest value. 
The trigger count 310 can also represent the value of the erase 
blocks 304 with the highest value for the write age 306 or the 
leakage 307. 

518, an update module 520, a threshold module 522, a recycle 
module 526, and a reset module 530. 

In the control flow, as an example, each module is indicated 
60 by a number and successively higher module numbers follow 

one another. Control flow can pass from one module to the 
next higher numbered module unless explicitly otherwise 
indicated. The memory controller 104 can execute the block 
module 504, the table module 506, the error module 508, the 

65 status module 512, the condition module 518, the update 
module 520, the threshold module 522, the recycle module 
526, and the reset module 530. 
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The block module 504 forms the superb lock 302 of FIG. 3 
from the erase blocks 304 of FIG. 3. For example, the super­
block 302 can be modified and organized after a program/ 
erase verification cycle of recycling. During recycling, the 
erase blocks 304 having errors caused by the wear attribute 5 

303 of FIG. 3 can be replaced with a spare block from the 
erase blocks 304. 

8 
the superb lock 302. The wear attribute 303 can include the bit 
error count 510 as a characteristic of the erase blocks 304 that 
degrades reliability in retaining information. 

The error module 508 can also detect a program time 511 of 
the erase blocks 304. The program time 511 is defined as the 
amount of time needed to write information to one of the erase 
blocks 304. If the program time 511 exceeds a tolerable time 
threshold 509, the error module 508 can request recycling of 
the superblock 302. The error module 508 can be coupled to 

The superblock 302 can be arranged with the erase blocks 
304 having similar characteristics of the wear attribute 303. 
For example, the erase blocks 304 in the superblock 302 can 
have a similar value for the write age 306 of FIG. 3. Organiz­
ing the erase blocks 304 by the superblock 302 can maintain 

10 the status module 512 and the threshold module 522. 

a grouping of the erase blocks 304 having similar relative age, 
endurances, and retention characteristics because the erase 
blocks 304 are written and erased together on a superblock 15 

level. 

The status module 512 detects a power up 514 and a power 
down 516 of the electronic system 100 of FIG. 1. For 
example, if the power down 516 of the electronic system 100 
is detected, the memory controller 104 can save information 
and metadata to the condition table 308 of FIG. 3. Further, if 
the power up 514 is detected, the memory controller 104 can 
access the condition table 308 from non-volatile memory. 
The status module 512 can be coupled to the table module 
506, the error module 508, the condition module 518, and the 

20 update module 520 for sharing information. 

For example, one of the erase blocks 304 with the highest 
value for the read count 305 of FIG. 3 can be the trigger count 
310 of FIG. 3 for the superblock 302. The trigger count 310 
can cause the recycling of the superblock 302 with all of the 
erase blocks 304 in the superblock 302 recycled together. 
Another example includes arranging the erase blocks 304 by 
minimal divergence in bit error rates per page for the super­
block 302. For example, the erase blocks 304 of the super­
block 302 can be arranged by a bit error rate of increments of 25 

25. The erase blocks 304 in the superblock 302 can include a 
bit error rate of 0-25, 26-50, and 125-150 as examples. The 
block module 504 can be coupled to the table module 506 for 
sharing information. 

The table module 506 modifies the metadata table 402 of 30 

FIG. 4. The table module 506 can modify the metadata table 
402 for updating the tabling infrastructure and linkages of 
changes to the erase blocks 304 in the superblock 302. The 
table module 506 can also identify the trigger count 310 of the 
superblock 302 from one of the erase blocks 304 with the 35 

highest value for the wear attribute 303. 
The trigger count 310 can include different values of the 

read count 305, the write age 306, and the leakage 307 of FIG. 
3 from different examples of the erase blocks 304 of the 
superblock 302. For example, the table module 506 can iden- 40 

tify one of the erase blocks 304 having the highest value for 
the read count 305 and also identify one of the erase blocks 
304 having the highest value for the leakage 307. 

The table module 506 can record the trigger count 310 of 
the superb lock 302 for the read count 305, the write age 306, 45 

and the leakage 307 in the metadata table 402. The table 
module 506 can be coupled to the update module 520 for 
updating the metadata table 402 with the trigger count 310. 

The metadata table 402 can be copied and modified in 
volatile memory such as RAM. The wear attribute 303 of each 50 

of the erase blocks 304 can also be tracked. The table module 

The condition module 518 generates the condition table 
308. The condition module 518 records the trigger count 310 
of the wear attribute 303 to the condition table 308 for each of 
the superblock 302. The condition module 518 can save the 
condition table 308 in non-volatile memory, such as in the 
storage unit 204 of FIG. 2, an external non-volatile memory, 
or a combination thereof. The condition module 518 can be 
coupled to the update module 520 for sharing information. 

The update module 520 updates the metadata table 402. 
For example, during operation of the electronic system 100, 
the update module 520 can update the metadata table 402 with 
the trigger count 310 of the superblock 302. 

The update module 520 can also update the metadata table 
402 with information from the condition table 308. The 
update module 520 can detect the power up 514 of the elec­
tronic system 100 and update the metadata table 402 with the 
condition table 308. The condition table 308 including the 
trigger count 310 of the superblock 302 can be copied to the 
metadata table 402. The metadata table 402 can be updated 
with the condition table 308 instead of detecting the trigger 
count 310 from each of the superblock 302 in the memory 
array 106 of FIG. 1. 

The update module 520 can also retrieve the condition 
table 308 from the non-volatile memory. The update module 
520 can retrieve the condition table 308 from the non-volatile 
memory during the power up 514. The update module 520 can 
be coupled to the threshold module 522 for sharing informa­
tion. 

The threshold module 522 compares the bit error count 
510, the program time 511, or the trigger count 310 with a 
recycle threshold 524. The recycle threshold 524 is defined as 
a minimum value that will trigger an erase/write verify cycle 
for recycling the superblock 302. The recycle threshold 524 
can be a different value for the bit error count 510, the pro-

506 can also track metadata on a superblock level to reduce 
the volume of information monitored to reduced and more 
manageable levels. For example, the erase blocks 304 are not 
recycled individually but recycled as the superblock 302. The 
table module 506 can be coupled to the error module 508 and 
the threshold module 522 for sharing information. 

55 gram time 511, and the trigger count 310. 
The threshold module 522 can monitor the bit error count 

510, the program time 511, and the trigger count 310 of the 
wear attribute 303. If the bit error count 510, the program time 
511, or the trigger count 310 meet or exceed the recycle 

The error module 508 detects a bit error count 510 in the 
erase blocks 304 in the superblock 302. The bit error count 
510 is defined as an amount of bit errors detected from one of 
the erase blocks 304. For example, the error module 508 can 
detect bit errors in the superblock 302 of one or more of the 
erase blocks 304 as a numerical value for the bit error count 

60 threshold 524, the threshold module 522 can request recy­
cling of the superblock 302. 

510. The bit error count 510 can include a number associated 
with the bit error rate. If the bit error count 510 for the data 65 

stored on the erase blocks 304 exceeds a tolerable error 
threshold 507, the error module 508 can request recycling of 

For example, the threshold module 522 can detect that the 
trigger count 310 for the superb lock 3 02 that has exceeded the 
recycle threshold 524. The threshold module 522 can request 
the recycling of the superblock 302. The threshold module 
522 can be coupled to the recycle module 526 for performing 
recycling and wear leveling operations. 
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The recycle module 526 triggers a recycling event 528. The 
recycling event 528 is defined as a data preservation operation 
for moving and erasing data on the erase blocks 304 of the 
superblock 302. For example, the recycling event 528 can be 
used as a wear leveling operation that rearranges data across 5 

the superblock 302 and another of the superblock 302. The 
recycling event 528 is for prolonging the life of the erase 
blocks 304 and for ensuring the integrity of data stored on the 
erase blocks 304. Data contained in the superblock 302 is 
copied to another of the superblock 302. The superblock 302 10 

having the re-written data resets the read count 305 and the 
leakage 307 of the superblock 302. 

The trigger count 310 for relative age and retention char­
acteristics is also reset because the read count 305 and the 
leakage 307 of the erase blocks 304 have been refreshed in 15 

another of the superblock 302. During the recycling event 
528, the erase blocks 304 with reliability issues such as the bit 
error count 510 and the program time 511 can be replaced 
with the erase blocks 304 from spares. The block module 504 
can replace the erase blocks 304 in the superblock 302 with 20 

reliability issues with other spares of the erase blocks 304. 
The recycle module 526 can be coupled to the block module 
504 and the reset module 530 for sharing information. 

The reset module 530 resets the trigger count 310 for the 
superblock 302 in the metadata table 402. The reset module 25 

530 also updates the write age 306 of the superblock 302 after 
the recycling event 528. After the recycling event 528, the 
erase blocks 304 in the superblock302 will the same value for 
the read count 305 and for the leakage 307. 

The control flow of the memory controller 104 describes 30 

the module functions or order as an example. The modules 
can be partitioned differently. For example, the block module 
504, the table module 506, the error module 508, the status 
module 512, then the condition module 518, the update mod-
ule 520, the threshold module 522, the recycle module 526, 35 

and the reset module 530 can be implemented as one module 
or with lesser number of modules. Each of the modules can 
operate individually and independently of the other modules. 

10 
It has further been discovered that the condition table 308 

improves data reliability and improves the wear leveling of 
the non-volatile memory across power cycles. The trigger 
count 310 of the wear attribute 303 can be stored in the 
condition table 308 at the power down 516. During the power 
up 514, the metadata table 402 can be synchronized with the 
condition table 308 without disturbing the erase blocks 304 
within the superblock 302. Information from the condition 
table 308 can be compared with the recycle threshold 524 and 
the recycling event 528 can be triggered at initialization of the 
electronic system 100. 

Referring now to FIG. 6, therein is shown a flow chart of a 
method 600 of operation of the electronic system 100 of FIG. 
1 in a further embodiment of the present invention. The 
method 600 includes: forming a superblock by organizing an 
erase block according to a wear attribute in a block 602; 
detecting a trigger count of the wear attribute of the super­
block in a block 604; updating a metadata table with the 
trigger count in a block 606; and triggering a recycling event 
of the superblock based on the metadata table in a block 608. 

Thus, it has been discovered that the electronic system 100 
of the present invention furnishes important and heretofore 
unknown and unavailable solutions, capabilities, and func­
tional aspects for an electronic system with read disturb man­
agement mechanism. The resulting method, process, appara­
tus, device, product, and/or system is straightforward, cost­
effective, uncomplicated, highly versatile, accurate, 
sensitive, and effective, and can be implemented by adapting 
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 
a specific best mode, it is to be understood that many alterna­
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 

The block module 504, the table module 506, the error 
module 508, the status module 512, the condition module 40 

518, the update module 520, the threshold module 522, the 
recycle module 526, and the reset module 530 can be hard­
ware implementations in the memory controller 104 or can be 
implemented as hardware within the electronic system 100 

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

but outside the memory controller 104. The modules of the 
memory controller 104 can be hardware, software running on 
or coupled to hardware, or a combination thereof. 

It has been discovered that the organization of the super­
block 302 by the wear attribute 303 reduces the volume of 
information tracked by the metadata table 402 and the con- 50 

dition table 308 to manageable levels. The erase blocks 304 
organized in the superblock 302 can include blocks having 
similar relative age, endurance, and retention characteristics. 
Data management and recycling/wear leveling can occur on 
the superb lock level instead of on the erase block level and the 55 

memory storage capacity of the non-volatile memory system 
can increase without increasing the volume of information 
that must be tracked. 

It has also been discovered that the condition table 308 of 

What is claimed is: 
1. A method of operation of an electronic system compris­

ing: 
forming a plurality of superblocks from a set of erase 

blocks by organizing the set of erase blocks according to 
a wear attribute of each of the erase blocks in the set of 
erase blocks, each superblock comprising a plurality of 
erase blocks from the set of erase blocks; 

for a respective superb lock of the plurality of superb locks: 
detecting a trigger count of the wear attributes of the 

erase blocks of the respective superblock; 
updating a metadata table with the trigger count; and 
in accordance with the trigger count meeting or exceed­

ing a recycle threshold, triggering a recycling event of 
the respective superblock. 

the superblock 302 reduces the volume of information that 60 

needs to be tracked to manageable levels across power cycles. 
The condition table 308 can be used to store only the trigger 
count 310 for the superblock 302 because the trigger count 
310 can control when the superblock302 undergoes the recy­
cling event 528. During the power down 516, one value for the 
wear attribute 303 can be stored for the superblock 302 
instead of individual values for each of the erase blocks 304. 

2. The method as claimed in claim 1 wherein detecting the 
trigger count of the wear attributes of the erase blocks of the 

65 respective superblock includes identifying a read count, a 
write age, a leakage, or a combination thereof from an erase 
block of the respective superblock. 
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3. T~e method_ ~s claimed in claim 1 further comprising 
generatmg a cond1t10n table for storing the trigger count from 
the metadata table during a power down. 

4. T.he m_ethod as claimed in claim 1, wherein the trigger 
count 1s a highest value of the wear attributes of the plurality 5 

of erase blocks comprising the respective superblock. 

12 
a threshold module, coupled to the table module, for 

detecting the trigger count meeting or exceeding a 
recycle threshold; and 

a recycle module, coupled to the update module, for 
triggering a recycling event of the respective super­
block in accordance with the trigger count meeting or 
exceeding the recycle threshold. 5. The method as claimed in claim 1 further comprising: 

detecting the recycling event; and 
resetting the trigger count for the respective superblock 

based on the recycling event. 
6. The method as claimed in claim 1, wherein each erase 

block of the respective superb lock has a wear attribute value 

11. The system as claimed in claim 10 wherein the table 

10 
module is for identifying a read count, a write age, a leakage, 
or a combination thereof from an erase block of the respective 
superb lock. 

and the trigger count is a highest value of the wear attribute fo; 
the plurality of erase blocks comprising the respective super­
b lock. 

7. The method as claimed in claim 1, including: 

12. The system as claimed in claim 10 further comprising 
a ~ondition 1:1?dule, coupled to the table module, for gener-

15 
atmg a cond1t10n table for storing the trigger count from the 
metadata table during a power down. 

detecting a bit error count of the respective superblock; 
wherein trig?ering the recycling event includes triggering 

the recyclmg event of the respective superblock in accor­
dance with the bit error count meeting or exceeding the 20 

recycle threshold. 
8. The method as claimed in claim 1, including: 

13. The system as claimed in claim 10, wherein the trigger 
count is a highest value of the wear attributes of the plurality 
of erase blocks comprising the respective superb lock. 

14. The system as claimed in claim 10 further comprising 
a rese_t module, coupled to the recycling module, for resetting 
the tngger count for the respective superblock based on the 
recycling event. 

15. The system as claimed in claim 10, wherein each erase 
detecting a program time of the respective superblock; 
wherein triggering the recycling event includes triggering 

the recycling event of the respective superblock in accor­
dance with the program time meeting or exceeding the 
recycle threshold. 

9. The method as claimed in claim 3 further comprising: 
detecting a power up; and 

25 
block of the respective superb lock has a wear attribute value 
and the trigger count is a highest value of the wear attribute fo; 
the plurality of erase blocks comprising the respective super­
b lock. 

updating the metadata table with the condition table during 30 

the power up. 
10. An electronic system comprising: 
a plurality of non-volatile memory devices including a set 

of erase blocks; and 
a memory controller including one or more processors and 35 

memory storing software for execution by the one or 
more processors, the software including: 
a block module for forming a plurality of superblocks 

from a set of erase blocks by organizing the set of 
erase blocks according to a wear attribute of each of 40 

the erase blocks in the set of erase blocks, each super­
block comprising a plurality of erase blocks from the 
set of erase blocks; 

a table module, coupled to the block module, for detect-
ing a trigger count of the wear attributes of the erase 45 

blocks of a respective superblock of the plurality of 
superb locks; 

an update module, coupled to the table module for 
updating a metadata table with the trigger count; 

16. The system as claimed in claim 10, 
wherein the threshold module is for detecting a bit error 

count of the respective superblock; and 
wherein the recycle module is for triggering the recycling 

event of the respective superblock in accordance with 
the bit error count meeting or exceeding the recycle 
threshold. 

17. The system as claimed in claim 10, 
wherein the threshold module is for detecting a program 

time of the respective superblock; and 
wherein the recycle module is for triggering the recycling 

event of the respective superblock in accordance with 
the program time meeting or exceeding the recycle 
threshold. 

18. The system as claimed in claim 10 further comprising: 
a status module, coupled to the table module, for detecting 

a power up; and 
wherein: 
the update module is for updating the metadata table with 

the condition table during the power up. 

* * * * * 
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