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STORAGE CONTROL SYSTEM WITH DATA 
MANAGEMENT MECHANISM AND 

METHOD OF OPERATION THEREOF 

2 
point based on the throttle threshold; and an operation update 
module, coupled to the threshold comparison module, for 
calculating a number of write/erase cycles based on the detec­
tion point and the throttle threshold for writing a memory 

TECHNICAL FIELD 5 device. 

The present invention relates generally to a storage control 
system and more particularly to a system for data manage­
ment. 

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 

10 when taken with reference to the accompanying 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- 15 

ponent of consumer and industrial electronics, especially 
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- 20 

ers. NOT-AND (NAND) flash is one form of non-volatile 
memory used in solid-state storage devices. The memory 
cells are arranged in typical row and colunm fashion with 
circuitry for accessing individual cells. The memory transis­
tors of those cells are placed to store an analog value that can 25 

be interpreted to hold two logical states in the case of Single 
Level Cell (SLC) or more than two logical states in the case of 
Multi Level Cell (MLC). 

A flash memory cell is light in weight, occupies very little 
space, and consumes less power than electromechanical disk 30 

drives. Construction of a storage system with this type of 
memory allows for much higher bandwidths and input/output 
operations per second (IOPS) than typical electromechanical 
disk drives. More importantly, it is especially rugged and can 
operate at a much high temperature range. It will withstand 35 

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 
life in use. 

Thus, a need still remains for better data management 40 

devices. In view of the increasing demand for data manage­
ment devices, it is increasingly critical that answers be found 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

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

FIG. 3 is a first example graph of a drive life without life 
throttling. 

FIG. 4 is a second example graph of a threshold line used to 
determine when to throttle the write operations of FIG. 3. 

FIG. 5 is a third example graph of an operation line exceed­
ing the threshold line. 

FIG. 6 is a fourth example graph of the write operations 
limited by the life throttling. 

FIG. 7 is an example diagram of the memory array with the 
life throttling. 

FIG. 8 is a fifth example graph of the operation line con­
verging with the threshold line. 

FIG. 9 is a functional block diagram of the life throttling 
with multi-feedback paths. 

FIG. 10 is another functional block diagram of the life 
throttling in the memory sub-system of FIG. 1. 

FIG. 11 is a control flow of the memory controller. 
FIG.12 is a flow chart of a method of operation of a storage 

control system in a further embodiment of the present inven­
tion. 

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 

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 

45 invention. It is to be understood that other embodiments 

to reduce costs, improve efficiencies and performance, and 
meet competitive pressures adds an even greater urgency to 
the critical necessity for finding answers to these problems. 

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

DISCLOSURE OF THE INVENTION 

The present invention provides a method of operation of a 
storage control system, including: calculating a throttle 
threshold; identifying a detection point based on the throttle 
threshold; and calculating a number of write/erase cycles 
based on the detection point and the throttle threshold for 
writing a memory device. 

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. 

55 

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. 

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 

The present invention provides a storage control system, 
including: a threshold calculation module for calculating a 65 

throttle threshold; a threshold comparison module, coupled to 

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 

the threshold calculation module, for identifying a detection present invention. 

Radian Memory Systems, LLC - Exhibit 2026 
Page 2026 - 13 

IPR2025-01266, Samsung Elecs. Co., Ltd. v. Radian Memory Sys., LLC



US 9,183,137 B2 
3 4 

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 first example 

graph of a drive life 302 without life throttling. The drive life 
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302 is defined as a period of time when the memory sub­
system 102 of FIG. 1 is available for the host system 108 of 
FIG. 1 to access. 

The term "throttling" refers to a process oflimiting opera­
tions at a physical interface of the memory devices 110 of 5 

FIG. 1. The limiting of the operations can be performed to 
achieve a desired predetermined goal. The limiting of the 
operations at the physical interface can result in a correspond-

6 
P/E cycles. As another example, the drive life 302 can be 
expressed in a number of days or years. 

The throttle threshold 402 can be at a threshold offset 404 
at the beginning of the drive life 302. The threshold offset 404 
is defined as a minimum number of the write/erase cycles 306 
at the beginning of the drive life 302. The beginning of the 
drive life 302 is when the drive life 302 is 0. For example, the 
threshold offset 404 can be an initial P/E cycle offset. 

The threshold offset 404 can be a minimum P/E cycle offset ing limit at a host interface of the memory sub-system 102 to 
the host system 108. 

The life throttling limits a number of write operations 304, 
each of which is defined as a single program operation on a 
memory cell in the memory devices 110. For example, the 
memory cell can be a NAND cell. Also for example, the write 
operations 304 can be program operations. 

10 used at the beginning of the drive life 302 of the memory 
sub-system 102 of FIG. 1. The threshold offset 404 can be 
determined in order to introduce a period during which a write 
performance is not throttled. For example, the threshold off­
set 404 can be 5,000 P/E cycles when the drive life 302 is 0. 

Each of the write operations 304 can be a write (or a 
program command) to one or more pages within an erase 
block. The program does not imply an erase cycle. Each of the 
pages is the smallest addressable unit for read and program 

15 Also for example, the write/erase cycles 306 can be 40,000 
P/E cycles when the drive life 302 is 5 years. 

( or write) operations. The erase block is the smallest addres- 20 

sable unit for an erase operation in the memory devices 110. 
The life throttling can limit the write operations 304 at a 

physical level including a level at the memory devices 110 in 
order to guarantee that the memory sub-system 102 can meet 
a target number of write/erase cycles 306 at a particular 25 

operational lifetime. For example, the memory sub-system 
102 can be a storage drive. Each of the write/erase cycles 306 

FIG. 4 depicts the threshold line 406, which is used to 
determine when to throttle the write operations 304. For 
example, the threshold line 406 can be a life throttle threshold 
line. By feeding a threshold slope 408 of the threshold line 
406 and the threshold offset 404 at the beginning of the drive 
life 302 into a slope-intercept straight-line equation, a current 
value of the throttle threshold 402 in number of the write/ 
erase cycles 306 can be obtained. The slope-intercept 
straight-line equation is y=mx+b, where y is a function ofx 
and is plotted on the y-axis, mis a slope, xis a variable on the 
x-axis, and b is the threshold offset 404 as they-intercept. 

Referring now to FIG. 5, therein is shown a third example 
graph of an operation line 504 exceeding the threshold line 

is defined as a base level operation of how data is replaced 
within the erase block. For example, the write/erase cycles 
306 can be program/erase (P/E) cycles. 30 406. The operation line 504 represents a number of the write/ 

erase cycles 306 that have occurred. For example, the opera­
tion line 504 can indicate a number of drive writes. The 
operation line 504 indicates that the write/erase cycles 306 are 

While the data can be read/programmed a page at a time, it 
can only be erased a "block" at a time. Thus, each of the 
write/erase cycles 306 can frequently include multiple of the 
write operations 304 followed by a single erase operation. 
The memory devices 110 can have a limited number of the 35 

write/erase cycles 306 that are useful because each of the 
write/erase cycles 306 can cause a small amount of physical 
damage to the medium. 

Without an ability to throttle the write operations 304, the 
memory sub-system 102 could be operated at a maximum 40 

write performance possibly for an extended duration result-
ing in the memory devices 110 becoming worn out. The 
memory sub-system 102 can become worn out prior to a 
desired predetermined value of the drive life 302 during an 
operation of the memory sub-system 102. For example, FIG. 45 

3 can represent the memory devices 110 of the memory 
sub-system 102 becoming worn out after 40,000 of the write/ 
erase cycles 306 performed in 2.2 years, whereas the drive life 
302 is expected to be 5 years. 

Limiting the write operations 304 at the physical level 50 

rather than simply restricting bandwidth on the host interface 
allows for all the write operations 304 to be throttled and 
removes the need to include effects of write amplification in 
the calculations. The write amplification refers to a ratio of 
physically written data to the memory devices 110 divided by 55 

host write data from the host system 108 written to the 
memory devices 110. 

Referring now to FIG. 4, therein is shown a second 
example graph of a threshold line 406 used to determine when 
to throttle the write operations 304 of FIG. 3. FIG. 4 depicts a 60 

throttle threshold 402, which is defined as a numerical value 
for determining whether to throttle the write operations 304. 

For example, the throttle threshold 402 can be graphed 
using a line that exists between two Cartesian coordinate 
points, where the write/erase cycles 306 and the drive life 302 65 

are on the y-axis and the x-axis, respectively. As an example, 
the write/erase cycles 306 can be expressed in a numberofthe 

performed without the life throttling during a beginning 
period 506. The beginning period 506 is defined as a period, 
at the beginning of operation of the memory sub-system 102 
of FIG. 1, during which the memory sub-system 102 operates 
without the life throttling. 

The life throttling can be performed after the operation line 
504 crosses over the threshold line 406 at a detection point 
508 in FIG. 5. The detection point 508 is defined as a specific 
point in a Cartesian coordinate system at which the number of 
the write/erase cycles 306 is determined as greater than or 
equal to the throttle threshold 402. The detection point 508 
can be identified by a pair of coordinates corresponding to the 
drive life 302 and the write/erase cycles 306. For example, the 
detection point 508 can be at a pair of coordinates (0.5, 
15000) corresponding to the drive life 302 of0.5 year and the 
number of the write/erase cycles 306 equals to 15,000 P/E 
cycles. 

The life throttling of the write operations 304 can be initi­
ated when the detection point 508 is detected. The life throt­
tling of the write operations 304 can be initiated after the 
number of the write/erase cycles 306 in the memory sub­
system 102 exceeds the throttle threshold 402 at a current or 
specific value of the drive life 302. For example, the drive life 
302 can represent an age of the memory sub-system 102, 
where the age is a total number of the P/E cycles per a 
predetermined unit of time. 

A periodic calculation performed by the memory control­
ler 104 of FIG. 1 can determine if the number of the write/ 
erase cycles 306 of the memory sub-system 102 is over the 
throttle threshold 402. If the number of the write/erase cycles 
3 06 is found or compared to be over the throttle threshold 402, 
the life throttling can be engaged. In this case, the life throt­
tling can continue until the number of the write/erase cycles 
306, for the current value of the drive life 302, is once again 

Radian Memory Systems, LLC - Exhibit 2026 
Page 2026 - 15 

IPR2025-01266, Samsung Elecs. Co., Ltd. v. Radian Memory Sys., LLC



US 9,183,137 B2 
7 

below the throttle threshold 402. The life throttling can con­
tinue until the end of the lifetime of the memory sub-system 
102. 

No throttling can be imposed on the write operations 304 if 
the memory sub-system 102 is operating below the throttle 5 

threshold 402. In other words, the life throttling is not per­
formed when the number of the write/erase cycles 306 is 
below the throttle threshold 402. For example, the life throt­
tling can be write throttling of the write operations 304. Also 
for example, the throttle threshold 402 can represent a life 10 

throttle threshold. 

8 
be converted into a rate in terms of flash pages per second 
because this value is of more use when performing NAND 
operations at the physical level. In the remaining operational 
life 606, the number of the write/erase cycles 306 can be 
determined based on the throttle slope 612 of the throttle line 
602. 

Referring now to FIG. 7, therein is shown an example 
diagram of the memory array 106 with the life throttling. FIG. 
7 can represent a possible throttling implementation. The 
write operations 304 of FIG. 3 can be limited so that the 
memory sub-system 102 of FIG. 1 does not exceed a new rate 
determined by the life throttling. 

The left side of FIG. 7 depicts the maximum write perfor­
mance through all the memory devices 110 being available 

If a current count or the number of the write/erase cycles 
306 is greater than thethrottlethreshold402 at any point in the 
drive life 302 as an operational lifetime of the memory sub­
system 102, the life throttling can be performed. FIG. 5 is an 
exaggerated example intended to show the operation line 504 
crossing over the threshold line 406. For example, the opera­
tion line 504 can be from coordinate points (0,0) and (0.5, 
15000), where each of the coordinate points is a pair of 
coordinates corresponding to the drive life 302 and the num­
ber of the write/erase cycles 306. 

15 for use. The write operations 304 can be limited possibly by 
artificially reducing a number of the memory devices 110 that 
are available, as shown on the right side of FIG. 7. Data can be 
written to any number of the memory devices 110 in a parallel 
manner to increase the bandwidth as well as performance of 

As an example, subsequent figures do not portray or depict 
a regular interval that the life throttling is updated in order 
simplify graphs in the subsequent figures and introduce a 
throttling methodology. The subsequent figures also assume 
that the memory sub-system 102 is operated at the maximum 
write performance allowed for the duration of its life. 

20 the memory sub-system 102. The memory devices 110 can 
represent or include a number of dies, each of which is the 
minimum unit that independently executes commands and 
reports status. 

The right side of FIG. 7 depicts a throttled write perfor-
25 mance through artificially limiting of availability of the 

memory devices 110. For example, only halfofthe number of 
the memory devices 110 can be used to achieve the write 
performance throttled through artificial limiting of die avail-Referring now to FIG. 6, therein is shown a fourth example 

graph of the write operations 304 limited by the life throttling. 
FIG. 6 depicts the operation line 504 crossing over the thresh- 30 

old line 406. 

ability. 
Referring now to FIG. 8, therein is shown a fifth example 

graph of the operation line 504 converging with the threshold 
line 406. By limiting the write operations 304, a numberofthe 
write/erase cycles 306 per day of the memory sub-system 102 
of FIG. 1 can converge with the throttle threshold 402 as 

The operation line 504 crossing over the threshold line 406 
indicates that the number of the write/erase cycles 306 
exceeds the throttle threshold 402. Once the throttle threshold 
402 is exceeded by the number of the write/erase cycles 306, 
a throttle line 602 can be plotted. The throttle line 602 can be 
plotted between and with the detection point 508 currently on 

35 depicted by FIG. 8. 
The number of the write/erase cycles 306 to be performed 

can be periodically determined. The number of the write/ 
erase cycles 306 can be periodically determined by re-calcu­
lating the number of the write/erase cycles 306 at an update 

the operation line 504 of the graph of the memory sub-system 
102 of FIG. 1 and a half-remaining life point 604 on the 
threshold line 406. 

The half-remaining life point 604 is defined as a point in a 
Cartesian coordinate system that indicates half of a remaining 
operational life 606 of the memory sub-system 102. The 
remaining operational life 606 is defined as a period from a 
current life point 608 to a target life point 610. 

40 interval 802, which is defined as a predetermined constant 
period. After the update interval 802, a total number of the 
write/erase cycles 306 to be performed can be calculated 
based on the throttle line 602 of FIG. 6. For example, the 

For example, the write operations 304 can be throttled to a 
target with a number of the write/erase cycles 306 per day of 
the memory sub-system 102 converge at a point correspond-

45 

update interval 802 can be any period including 0.5 year. 
The number of the write/erase cycles 306 can be re-calcu-

lated using a process of periodically calculating the throttle 
line 602. The process of periodically calculating the throttle 
line 602 can result in a gentle or small curve to the write/erase 
cycles 306 of the memory sub-system 102 in terms of number ing to the half-remaining life point 604. Also for example, the 

half-remaining life point 604 can be half of remaining 
expected drive life. 

50 of the P/E cycles. After the detection point 508, the number of 
the write/erase cycles 306 as a function of the drive life 302 
can be plotted as a concave curve for the remaining opera­
tional life 606. 

The current life point 608 is defined as a numerical value of 
time that indicates how long the memory sub-system 102 has 
been in operation. The current life point 608 can be a current 
operating point of the memory sub-system 102. The target life 55 

point 610 is defined as a numerical value that indicates a time 
beyond which the memory sub-system 102 is predetermined 
or projected to be no longer operational. The target life point 
610 can be an end of life target of the memory sub-system 
102, although it is understood that the drive life 302 of the 60 

memory sub-system 102 can be greater than the target life 
point 610. 

A throttle slope 612 of the throttle line 602 can be calcu­
lated and used to throttle the write operations 304 as shown in 
FIG. 6. For example, the throttle slope 612 can be in terms of 65 

P/E cycles per day. Also for example, the throttle slope 612, in 
terms of a number of the write/erase cycles 306 per day, can 

In the remaining operational life 606, the number of the 
write/erase cycles 306 can converge with the throttle thresh­
old 402. The number of the write/erase cycles 306 can con­
verge with the throttle threshold 402 because the throttle 
slope 612 of FIG. 6 is gradually increasing. The throttle slope 
612 can increase as it approaches the threshold slope 408 of 
the threshold line 406 due to the throttling of the write opera­
tions 304 becoming more relaxed as the number of the write/ 
erase cycles 306 converges with the threshold line 406. The 
throttle slope 612 can increase by reducing a current number 
of the write/erase cycles 306 count after the update interval 
802 and shifting of a point on the threshold line 406 corre­
sponding with the half-remaining life point 604 of FIG. 6 of 
the memory sub-system 102. 
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If the current life point 608 of the memory sub-system 102 
is at the update interval 802 just prior to the target life point 
610, the numberofthe write/erase cycles 306 to be performed 
at the target life point 610 can be calculated as the y-axis value 
of the threshold line 406 at the target life point 610. The target 5 

life point 610 can be an end of life target of the memory 
sub-system 102. 

If the current life point 608 of the memory sub-system 102 
is at or beyond the target life point 610, the threshold slope 
408 of the threshold line 406 can be used for the life throttling. 10 

The threshold slope 408 can also serve as a floor so that 
throttling of the write operations 304 to zero is not used, as it 
would cease all the write operations 304. In this case, the total 
number of the write/erase cycles 306 can be calculated as a 
sum of the current value of the write/erase cycles 306 and a 15 

product of the update interval 802 and the threshold slope 
408. The total number of the write/erase cycles 306 can also 
be calculated as the y-axis value of the threshold line 406 at 
the update interval 802 after the current life point 608. 

The write performance can be throttled at the physical 20 

level, as previously described in FIG. 7, so that write ampli­
fication does not need to be taken into account. This provides 
flexibility in balancing a mix of host write operations and 
recycle write operations. 

In the preceding figures, it can be assumed that the memory 25 

sub-system 102 is operated at the maximum write perfor­
mance allowed for duration of its life. Therefore, the memory 
sub-system 102 can be constantly up against a rate limit 
imposed by the life throttling using the threshold line 406. 

Because short, random bursts of write activity often follow 30 

longer periods of inactivity or read-only activity, the life 
throttling can allow the host system 108 of FIG. 1 to generate 
a large amount of write activity with minimal throttling in 
these short, random bursts. To achieve this, the life throttling 
for the write activity from the host system 108 can employ a 35 

credit scheme for allowing the short, random bursts of the 
write activity to be potentially uninhibited by throttling 
mechanisms even though the life throttling for the write activ-
ity is engaged. 

When the life throttling is active, the write operations 304 40 

to the memory devices 110 of FIG. 1 can be limited by a rate 
in terms of the flash pages per second. In periods where the 
write operations 304 are not occurring, credits in terms of the 
flash pages per second can be accumulated. When a burst of 

10 
The number of the write/erase cycles 306 can be based on 

information from a number of the multi-feedback paths 902. 
The throttle threshold 402 can provide a threshold level for 
limiting the number of the write operations 304. By feeding 
back the amount of throttle being applied from the output of 
the comparator 904, each of the boxes in the multi-feedback 
paths 902 can utilize this information to decide if adjustments 
to the throttling are necessary. 

As an example, the life throttling can use an approach with 
the multi-feedback paths 902 to limit the number of the write 
operations 304 that are active over differing periods. The 
differing periods can include a number of various time units 
including a first rate 906, a second rate 908, and a third rate 
910. The first rate 906, the second rate 908, and the third rate 
910 are defined as predetermined units of time. 

The first rate 906, the second rate 908, and the third rate 
910, denoted as RATE(A), RATE (B), and RATE (C), respec­
tively, can be periods that are different from each other. RATE 
(A), RATE (B), and RATE (C) can be used for operations that 
are programmed per unit time A, B, and C, respectively. For 
example, the first rate 906, the second rate 908, and the third 
rate 910 can be associated with hours, days, and weeks, 
respectively. 

In addition to sampling of the write operations 304 perunit 
time based on the first rate 906, the second rate 908, and the 
third rate 910, information from the multi-feedback paths 902 
can include a number of retired erase blocks 912 that have 
been retired or put into a runtime defect list. The life throttling 
can take into account a speed at which erase blocks are retired. 

FIG. 9 illustrates a system with the multi-feedback paths 
902 of controlling an active number of the write operations 
304 for the life throttling. The multi-feedback paths 902 that 
provide information associated with RATE(A), RATE(B), 
and RATE(C) can be used for measurements of the number of 
the write operations 304 averaged over different periods. As 
the numberof the write operations 304 that are active is higher 
than the throttle threshold 402 over longer periods, more 
throttling can be applied. 

In addition to rates provided by RATE(A), RATE(B), and 
RATE(C), an absolute count 914 of the write/erase cycles 306 
can be provided by the multi-feedback paths 902. The abso­
lute count 914 is defined as a total number of writes that the 
memory sub-system 102 of FIG. 1 has executed over its life. 
For example, the absolute count 914 can represent an absolute 
count of P/E cycles that have been performed. The absolute 
count 914 can be used to assess the life throttling. 

the write activity from the host system 108 occurs, the write 45 

operations 304 can be performed uninhibitedly or continu­
ously until the credits are exhausted, at which time the write 
operations 304 can be limited by a current throttling rate 
based on the throttle line 602. 

Referring now to FIG. 10, therein is shown another func­
tional block diagram of the life throttling in the memory 
sub-system 102 of FIG. 1. FIG. 10 depicts the life throttling 

50 for a number of the memory controller 104. For example, the 
memory controller 104 can represent a flash controller. 

A method with the credits can allow the short, random 
bursts of the write activity to exceed the current throttling rate 
if the credits are available. With this method, a rate of flash 
writes averaged over a period in which the credits were accu­
mulated and consumed can be equivalent to an imposed throt­
tling rate based on the throttle threshold 402. In this scheme, 
a slope of the operation line 504 depicting the write opera­
tions 304 between the calculation intervals in FIG. 8 can 
effectively become a ceiling. 

Referring now to FIG. 9, therein is shown a functional 
block diagram of the life throttling with multi-feedback paths 
902. FIG. 9 depicts a comparator 904, which compares the 
number of the write/erase cycles 306 of FIG. 3 to the throttle 
threshold 402. The comparator 904 can be implemented in the 
memory controller 104 of FIG. 1. The multi-feedback paths 
902 are defined as paths for data to be processed from an 
output of the comparator 904 and fed back to an input of the 
comparator 904. 

FIG.10 depicts a throttle controller 1002 to provide control 
and management of write data to be sent to the number of the 
memory controller 104. The write data can be subsequently 

55 written to the memory devices 110 of FIG. 1 of the memory 
array 106 of FIG. 1 that is interfaced to one of the number of 
the memory controller 104. The write data can be subse­
quently written to any number of the memory controller 104 
in a parallel marmer to increase the bandwidth as well as 

60 performance of the memory sub-system 102. 
The data from the host system 108 of FIG. 1 can include 

host write operations 1004, recycle write operations 1006, 
and retention write operations 1008, as examples. The host 
write operations 1004 are defined as accesses to the memory 

65 sub-system 102 to store data from the host system 108. For 
example, the host write operations 1004 can be associated 
with a physical write of data from the host system 108 to a 
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particular logical address range. The term "physical write" 
refers to a write that goes to the memory devices 110, each of 
which is an end storage element including a NAND flash 
device. 

The recycle write operations 1006 are defined as accesses 5 

to the memory sub-system 102 to move data in the memory 
sub-system 102 due to recycling. The term "recycling" refers 
to moving data from one of the pages to another of the pages 
for purposes of either freeing up the erase blocks to write new 
data from the host system 108 or to ensure that data in the 10 

erase blocks is preserved. 
The retention write operations 1008 are defined as accesses 

to the memory sub-system 102 to re-write data that has been 
stored in the memory sub-system 102 for a given or predeter­
mined period. The given or predetermined period refers to a 15 

time that is independent of whether the storage control system 
100 of FIG. 1 is powered on or powered off. The term "reten­
tion" refers to an ability of memory cells in the memory 
devices 110 to retain programmed or correct information. 

The life throttling can be performed by the throttle control- 20 

!er 1002 by limiting a subset of the number of the memory 
controller 104 available for writing the host write operations 
1004, the recycle write operations 1006, and the retention 
write operations 1008, or a combination thereof. For 
example, the throttle controller 1002 can represent a physical 25 

write throttle controller. 
Referring now to FIG.11, therein is shown a control flow of 

the memory controller 104. The life throttling can work or 
perform by limiting the write operations 304 of FIG. 3 at the 
physical level in order to guarantee that the memory sub- 30 

system 102 of FIG. 1 can meet a target number of the write/ 
erase cycles 306 of FIG. 3 at a particular operational lifetime. 
Therefore, the life throttling can contribute to the ability of the 
memory sub-system 102 to operate at 10 full capacity writes 
per day for a period of five years. 35 

The memory controller 104 provides the throttle line 602 of 
FIG. 6 as a limit that adjusts over time to allow for both 
potential variability of host write requirements and long-term 
viability of the memory devices 110 of FIG. 1 in the memory 
sub-system 102. The memory controller 104 provides an 40 

efficient method of performing the life throttling that has no 
impact on normal drive operations. The concept in the 
memory controller 104 of employing the life throttling can be 
used in a solid-state drive (SSD). This concept can also be 
retrofitted into any SSD products with a design that needs a 45 

process to extend the operational lifetime of a drive. 
The underlying idea is that the memory controller 104 can 

track a current value of the write/erase cycles 306 of the 
memory sub-system 102 and compare the current value with 
an expected value using the throttle threshold 402 of FIG. 4. 50 

For example, the current value, the expected value, and the 
throttle rate can be in program/erase (P/E) cycles. 

Then, if necessary, the memory controller 104 can calcu­
late a throttle rate in the write/erase cycles 306 using the 
throttle line 602 and convert the throttle rate into an equivalent 55 

number of the write operations 304 per a predetermined unit 
time. Finally, the memory controller 104 can limit the number 
of the write operations 304 in order to reduce the number of 
the write/erase cycles 306. 

The memory controller 104 can include a threshold calcu- 60 

lation module 1102 to determine the throttle threshold 402 of 

12 
The throttle threshold 402 can be implemented as a func­

tion of the threshold slope 408 of FIG. 4, the drive life 302 of 
FIG. 3, and the threshold offset 404 of FIG. 4. The throttle 
threshold 402 can be calculated as y=mx+b, where y is the 
throttle threshold 402 on the y-axis, mis the threshold slope 
408, xis the drive life 302 on the x-axis, and bis the threshold 
offset 404 as they-intercept. 

The memory controller 104 can include a threshold com­
parison module 1104 to determine whether the number of the 
write/erase cycles 306 exceeds the throttle threshold 402. The 
threshold comparison module 1104 can track the current 
value of the write/erase cycles 306 of the memory sub-system 
102 and compare the current value with the expected value 
using the throttle threshold 402. The threshold comparison 
module 1104 can identify the detection point 508 of FIG. 5 
when the number of the write/erase cycles 306 exceeds the 
throttle threshold 402. 

The memory controller 104 can include a half-point calcu­
lation module 1106 to determine the half-remaining life point 
604 of FIG. 6 of the memory sub-system 102. The half­
remaining life point 604 can be calculated by calculating half 
of the remaining operational life 606 of FIG. 6 of the memory 
sub-system 102. The half-remaining life point 604 can be at 
half of the remaining operational life 606 from the current life 
point 608 of FIG. 6. 

The memory controller 104 can include a throttle calcula­
tion module 1108 to determine how much of the write opera­
tions 304 to throttle. The throttle calculation module 1108 can 
calculate the throttle rate in the write/erase cycles 306 per a 
predetermined unit time using the throttle line 602. The 
throttle calculation module 1108 can determine the throttle 
line 602 having the throttle slope 612 of FIG. 6. The throttle 
line 602 can be generated on a graph by plotting a line through 
the detection point 508 and the half-remaining life point 604. 

The throttle slope 612 that is used to limit the numberof the 
write operations 304 can be periodically re-calculated using 
the current value of the number of the write/erase cycles 306 
at the current life point 608 and the half-remaining life point 
604. The throttle slope 612 periodically re-calculated based 
on the update interval 802 of FIG. 8 can result in a curve to a 
plot of a number of the P/E cycles per day of the memory 
sub-system 102. The throttle slope 612 can be approximately 
the same as the threshold slope 408 as the throttle line 602 
converges to the threshold line 406. 

The memory controller 104 can include a point update 
module 1110 to determine the next instance of the update 
interval 802. The next instance of the update interval 802 can 
be calculated by adding a predetermined constant time to the 
current life point 608 as a current value of the drive life 302. 
As such, the number of the write/erase cycles 306 can be 
periodically performed using a constant value of the update 
interval 802. 

The memory controller 104 can include an operation 
update module 1112 to determine the next total number of the 
write/erase cycles 306 to be performed after the update inter­
val 802. The total number of the write/erase cycles 306 to be 
performed at the next instance of the update interval 802 can 
be determined based on whether the detection point 508 is 
identified. 

If the detection point 508 is identified, the total number of 
the write/erase cycles 306 to be performed at the next instance 
of the update interval 802 can be determined by calculating a 
numerical value on the y-axis associated with the throttle line 
602. The total number of the write/erase cycles 306 can be 

FIG. 4. A process of the life throttling can begin with the 
threshold calculation module 1102. The threshold calculation 
module 1102 can determine the throttle threshold 402 based 
on the threshold line 406 of FIG. 4. The throttle threshold 402 
can be determined by the slope-intercept straight-line equa­
tion of the threshold line 406. 

65 calculated at the next instance of the update interval 802 from 
the current life point 608 on the x-axis corresponding to the 
drive life 302 in FIG. 6. 
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If the detection point 508 is identified, the total number of 
the write/erase cycles 306 can be calculated as a sum of the 
current value of the write/erase cycles 306 and a product of 
the update interval 802 and the throttle slope 612. The total 
number of the write/erase cycles 306 can also be calculated as 5 

the next y-axis value of the throttle line 602 at the update 
interval 802 after the current life point 608. 

The operation update module 1112 can convert the throttle 
rate into an equivalent number of the write operations 304 per 
a predetermined unit time. The throttle rate can be determined 10 

based on the throttle line 602 or the throttle slope 612. The 
operation update module 1112 can limit the number of the 
write operations 304 in order to reduce the number of the 
write/erase cycles 306. 

If the detection point 508 is not identified, the total number 15 

of the write/erase cycles 306 can be calculated such that the 
memory sub-system 102 could be operated with the write 
operations 304 at the maximum write performance. The 
maximum write performance is achieved when the life throt­
tling is not enabled or performed. For example, the maximum 20 

write performance can be achieved when all the memory 
devices 110 are configured to actively perform the write 
operations 304. 

The memory controller 104 can include a device control 
module 1114 to interface with and configure the memory 25 

devices 110 for the life throttling. The device control module 
1114 can control the memory devices 110 for purposes of 
throttling the write operations 304 at the physical level. 

14 
activity from the host system 108 of FIG. 1 occurs, the write 
operations 304 can be performed uninhibitedly or continu­
ously until the access credits 1118 are zero, at which time the 
write operations 304 can be limited by the current throttling 
rate based on the throttle threshold 402. 

For example, the access credits 1118 can be expressed in 
terms of a number of pages per second. The access credits 
1118 can be increased by one for every page that is not written 
per second. The access credits 1118 can be decreased by one 
for every page that is written per second when the life throt­
tling occurs. 

The memory controller 104 can include a point comparison 
module 1120 to determine whether the current life point 608 
is at the target life point 610 of FIG. 6. If the current life point 
608 is at the target life point 610, the memory controller 104 
can either stop processing the life throttling or continue with 
the life throttling using the threshold line 406. 

If the memory controller 104 is configured to continue with 
the life throttling, execution can continue to be performed 
with the point update module 1110, the operation update 
module 1112, and the device control module 1114. In this 
case, the operation update module 1112 can determine the 
next total number of the write/erase cycles 306 to be per­
formed based on the threshold line 406. The next total number 
of the write/erase cycles 306 can be calculated as the next 
y-axis value of the threshold line 406 at the update interval 
802 after the current life point 608. 

It has been discovered that the operation update module 
1112 for calculating the write/erase cycles 306 based on the The device control module 1114 can determine an active 

device number 1116, which is defined as a number of the 
memory devices 110 that are enabled for performing the life 
throttling. The device control module 1114 can enable or 
disable a number of the memory devices 110 based on the 
active device number 1116 depending on how much of the life 
throttling the device control module 1114 needs to perform. 

30 detection point 508, the update interval 802, and the threshold 
line 406 having the half-remaining life point 604 and the 
throttle threshold 402 provides improved reliability by per­
forming the life throttling. The operation update module 1112 
provides the number of the write operations 304 to meet the 

The term enable refers to configuring the memory devices 
110 such that they are available for writing data. The device 
control module 1114 can select which of the memory devices 
110 is to be disabled from writing data for the life throttling 
based on a number of factors including P/E cycle counts, bit 
error rates, program times, read thresholds, erase times, and 
any other estimation methods of determining how worn the 
memory devices 110 are. 

For example, the device control module 1114 can enable all 
of the memory devices 110 to achieve the maximum write 
performance when the active device number 1116 is config­
ured to a value equal to a total number of the memory devices 
110. Also for example, the device control module 1114 can 
disable a number of the memory devices 110 to perform the 
life throttling when the active device number 1116 is config­
ured to a value less than the total number of the memory 
devices 110. 

The device control module 1114 can provide the credit 
scheme that allows the short, random bursts of the write 
activity to potentially exceed the throttle rate determined by 
the throttle threshold 402, while the write activity on an 
average can remain approximately equivalent or equal to the 
throttle rate imposed by the throttle threshold 402. The device 
control module 1114 can calculate a number of access credits 
1118, which are defined as write transactions allowed to be 
performed in the memory devices 110. The access credits 
1118 are the credits previously described. 

35 target number of the write/erase cycles 306 at the particular 
operational lifetime. 

It has also been discovered that the threshold comparison 
module 1104 for identifying the detection point 508 based on 
the throttle threshold 402 provides improved reliability since 

40 the life throttling is performed by calculating the number of 
the write/erase cycles 306 based on the detection point 508. 

It has further been discovered that the threshold calculation 
module 1102 for calculating the throttle threshold 402 based 
on the threshold line 406 having the threshold offset 404 and 

45 the target life point 610 provides improved reliability since 
the life throttling is performed by identifying the detection 
point 508 based on the throttle threshold 402. 

It has further been discovered that the device control mod­
ule 1114 for calculating the number of the access credits 1118 

50 based on the number of the write operations 304 provides 
improved performance since the access credits 1118 provide 
a way for the write operations 304 to be performed even when 
the life throttling is active. 

It has further been discovered that the device control mod-
55 ule 1114 for determining the active device number 1116 

provides improved reliability since the active device number 
1116 is used for disabling the number of the memory devices 
110 thereby preventing the memory devices 110 from becom­
ing worn out prior to the desired lifetime of the memory 

60 sub-system 102. 
It has further been discovered that the number of the write/ 

The access credits 1118 provide a way for the write opera­
tions 304 to be performed by writing to the memory devices 
110 even when the life throttling is active. In the periods 65 

where the write operations 304 are not occurring, the access 
credits 1118 can be accumulated. When a burst of the write 

erase cycles 306 and the throttle slope 612 periodically re­
calculated at the update interval 802 provides improved reli­
ability since the life throttling is performed as the throttle line 
602 converges with the threshold line 406. The recalculation 
of the number of the write/erase cycles 306 and the throttle 
slope 612 provides an improved method for the life throttling 
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compared to simple life throttling methods that limit the host 
write activity quickly because they lack the ability to antici­
pate long-term usage. 

It has further been discovered that the write operations 3 04 
limited at the physical level of the memory devices 110 pro- 5 

vides improved reliability since the physical level guarantees 
that the memory sub-system 102 meets the target number of 
the write/erase cycles 306 at the particular operational life­
time. Therefore, the life throttling contributes to the ability of 
the memory sub-system 102 to operate at least at 10 full 10 

capacity writes per day for a period of at least five years. 

16 
The storage control system 100 is described module func­

tions or order as an example. The modules can be partitioned 
differently. For example, the half-point calculation module 
1106 and the throttle calculation module 1108 can be com-
bined. Each of the modules can operate individually and 
independently of the other modules. 

Furthermore, data generated in one module can be used by 
another module without being directly coupled to each other. 
For example, the device control module 1114 can receive the 
detection point 508 from the threshold comparison module 
1104 to determine the active device number 1116 for enabling 
the number of the memory devices 110. 

The threshold calculation module 1102, the threshold com­
parison module 1104, the half-point calculation module 
1106, and the throttle calculation module 1108 can be imple­
mented as hardware accelerators (not shown) within the con-
trol unit 202 or can be implemented as hardware accelerators 
(not shown) in the memory controller 104 or outside of the 
memory controller 104. The point update module 1110, the 

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 15 

combination thereof. For example, the threshold calculation 
module 1102 can be implemented with the control unit 202 to 
calculate the throttle threshold 402 based on the throttle line 
602 having the threshold offset 404 and the target life point 
610. Also for example, the threshold comparison module 
1104 can be implemented with the control unit 202 to identify 

20 operation update module 1112, the device control module 
1114, and the point comparison module 1120 can be imple­
mented as hardware accelerators (not shown) within the con­
trol unit 202 or can be implemented as hardware accelerators 
(not shown) in the memory controller 104 or outside of the 

the detection point 508 based on the throttle threshold 402. 
For example, the half-point calculation module 1106 can 

be implemented with the control unit 202 to calculate the 
half-remaining life point 604 of the memory sub-system 102. 
Also for example, the throttle calculation module 1108 can be 
implemented with the control unit 202 to generate the throttle 
line 602 having the throttle slope 612. Further, for example, 
the point update module 1110 can be implemented with the 
control unit 202 to calculate the next instance of the update 
interval 802. 

For example, the operation update module 1112 can be 
implemented with the control unit 202 to calculate the num-
ber of the write/erase cycles 306 based on the detection point 
508, the update interval 802, the throttle threshold 402, and 
the throttle line 602 having the half-remaining life point 604. 
Also for example, the device control module 1114 can be 
implemented with the control unit 202 to calculate the num-
ber of the access credits 1118 based on the number of the 
write operations 304 and determine the active device number 
1116 less than the total number of the memory devices 110. 
Further, for example, the point comparison module 1120 can 
be implemented with the control unit 202 to determine 
whether the current life point 608 is at the target life point 610. 

The threshold calculation module 1102 can be coupled to 
the threshold comparison module 1104. The threshold com­
parison module 1104 can be coupled to the half-point calcu­
lation module 1106. The half-point calculation module 1106 
can be coupled to the throttle calculation module 1108. 

25 memory controller 104. 
Referring now to FIG. 12, therein is shown a flow chart of 

a method 1200 of operation of a storage control system in a 
further embodiment of the present invention. The method 
1200 includes: calculating a throttle threshold in a block 

30 1202; identifying a detection point based on the throttle 
threshold in a block 1204; and calculating a number of write/ 
erase cycles based on the detection point and the throttle 
threshold for writing a memory device in a block 1206. 

Thus, it has been discovered that the storage control system 
35 of the present invention furnishes important and heretofore 

unknown and unavailable solutions, capabilities, and func­
tional aspects for a storage control system with data manage­
ment mechanism. The resulting method, process, apparatus, 
device, product, and/or system is straightforward, cost-effec-

40 tive, uncomplicated, highly versatile, accurate, sensitive, and 
effective, and can be implemented by adapting known com­
ponents for ready, efficient, and economical manufacturing, 
application, and utilization. 

Another important aspect of the present invention is that it 
45 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. 

The throttle calculation module 1108 can be coupled to the 50 

point update module 1110. The point update module 1110 can 
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, 

be coupled to the operation update module 1112. The opera­
tion update module 1112 can be coupled to the device control 
module 1114. The device control module 1114 can be 
coupled to the point comparison module 1120. 

The physical transformation of calculating the number of 
55 modifications, and variations that fall within the scope of the 

included claims. All matters hithertofore set forth herein or 
the write/erase cycles 306 based on the detection point 508 
and the throttle threshold 402 for writing the memory devices 
110 results in movement in the physical world, such as people 
using the memory sub-system 102 of FIG. 1 based on the 60 

operation of the storage control system 100 of FIG. 1. As the 
movement in the physical world occurs, the movement itself 
creates additional information that is converted back in to 
calculate the throttle threshold 402 and identify the detection 
point 508 based on the throttle threshold 402 for the continued 65 

operation of the storage control system 100 and to continue 
the movement in the physical world. 

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

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

storage device comprising: 
identifying a detection point at a point in time in accor­

dance with a determination that the number of write/ 
erase cycles for the storage device satisfies a time-vary­
ing throttle threshold; 

calculating a projected number of write/erase cycles cor­
responding to the detection point; and 
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after identifying the detection point, limiting write opera­
tions for the storage device in accordance with the pro­
jected number of write/erase cycles. 

2. The method as claimed in claim 1 including determining 
a current value, at the point in time, of the time-varying 5 

threshold based on a threshold offset. 
3. The method as claimed in claim 1 wherein calculating 

the projected number of the write/erase cycles includes cal­
culating the projected number of the write/erase cycles based 
on a threshold line having a half-remaining life point. 10 

4. The method as claimed in claim 1 including accumulat-
ing access credits for accessing the storage device during 
periods in which write operations to the storage device do not 
occur, decreasing the access credits for accessing the storage 15 
device in accordance with write operations to the storage 
device, and enabling bursts of write operations to the storage 
device when the access credits for accessing the storage 
device are greater than zero. 

5. The method as claimed in claim 1 further comprising 20 

periodically determining whether the number of write/erase 
cycles for the storage device satisfies a current value of the 
time-varying throttle threshold. 

6. The method as claimed in claim 1 wherein the time­
varying throttle threshold is determined based on a threshold 25 

line having a threshold offset and a target life point. 
7. A storage control system comprising: 
a storage device; 
a memory controller; and 
controller memory coupled to the memory controller, the 30 

controller memory including software that, when 
executed by the memory controller, cause the memory 
controller to: 
identify a detection point at a point in time in accordance 

with a determination that the number of write/erase 35 

cycles for the storage device satisfies a time-varying 
throttle threshold; 

calculate a projected number of write/erase cycles cor­
responding to the detection point; and 

after identifying the detection point, limit write opera- 40 

tions for the storage device in accordance with the 
projected number of write/erase cycles. 

8. The system as claimed in claim 7 wherein the controller 
memory further includes software that, when executed by the 
memory controller, causes the memory controller to deter- 45 

mine a current value, at the point in time, of the time-varying 
threshold based on a threshold offset. 

9. The system as claimed in claim 7 wherein the controller 
memory further includes software that, when executed by the 
memory controller, causes the memory controller to calculate 50 

the projected number of the write/erase cycles based on a 
threshold line having a half-remaining life point. 

10. The system as claimed in claim 7 wherein the controller 
memory further includes software that, when executed by the 
memory controller, causes the memory controller to accumu- 55 

late access credits for accessing the storage device during 
periods in which write operations to the storage device do not 
occur, decrease the access credits for accessing the storage 
device in accordance with write operations to the storage 
device, and enable bursts of write operations to the storage 60 

device when the access credits for accessing the storage 
device are greater than zero. 

11. The system as claimed in claim 7 wherein the controller 
memory further includes software that, when executed by the 
memory controller, causes the memory controller to deter- 65 

mine an active device number for enabling a number of stor-
age devices for throttling write operations when the detection 
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point is identified, wherein the active device number is less 
than a total number of the storage devices. 

12. The system as claimed in claim 7 wherein the controller 
memory further includes software that, when executed by the 
memory controller, causes the memory controller to calculate 
the number of the write/erase cycles based on an update 
interval. 

13. The system as claimed in claim 7 wherein the controller 
memory further includes software that, when executed by the 
memory controller, causes the memory controller to deter­
mine the time-varying throttle threshold based on a threshold 
line having a threshold offset and a target life point. 

14. The system as claimed in claim 7 wherein controller 
memory further includes software that, when executed by the 
memory controller, causes the memory controller to: 

convert the number of the write/erase cycles into an equiva­
lent number of write operations; and 

accumulate access credits for accessing the storage device 
during periods in which write operations to the storage 
device do not occur, decrease the access credits for 
accessing the storage device in accordance with write 
operations to the storage device, and enable bursts of 
write operations to the storage device when the access 
credits for accessing the storage device are greater than 
zero. 

15. A non-volatile storage device, comprising: 
non-volatile memory; and 
a memory controller that includes 

one or more processors, and 
controller memory storing one or more programs that 

when executed by the one or more processors cause 
the non-volatile storage device to perform operations 
including: 

identifying a detection point at a point in time in accor­
dance with a determination that the number of write/ 
erase cycles for the storage device satisfies a time­
varying throttle threshold; 

calculating a projected number of write/erase cycles 
corresponding to the detection point; and 

after identifying the detection point, limiting write 
operations for the storage device in accordance with 
the projected number of write/erase cycles. 

16. The non-volatile storage device of claim 15, wherein 
the memory controller includes: 

a threshold comparison module, coupled to a threshold 
calculation module, for identifying the detection point; 
and 

an operation update module, coupled to the threshold com­
parison module, for calculating a projected number of 
write/erase cycles corresponding to the detection point; 

a device control module, coupled to the operation update 
module, for, after identifying the detection point, limit­
ing write operations for the storage device in accordance 
with the projected number of write/erase cycles. 

17. The non-volatile storage device of claim 16, wherein 
the threshold calculation module is for determining a current 
value, at the point in time, of the time-varying threshold based 
on a threshold offset. 

18. The non-volatile storage device of claim 16, wherein 
the operation update module is for calculating the projected 
number of the write/erase cycles based on a threshold line 
having a half-remaining life point. 

19. The non-volatile storage device of claim 16, wherein: 
the operation update module is for converting the number 

of the write/erase cycles into an equivalent number of 
write operations; and 
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the device control module is for accumulating access cred-
its for accessing the storage device during periods in 
which write operations to the storage device do not 
occur, decreasing the access credits for accessing the 
storage device in accordance with write operations to the 5 

storage device, and enabling bursts of write operations 
to the storage device when the access credits for access­
ing the storage device are greater than zero. 

* * * * * 
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