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(57) ABSTRACT 
A method for Suspending an erase operation performed on a 
group of memory cells in a flash memory circuit is disclosed. 
One example method includes initiating an erase operation on 
one or more memory cells, the erase operation including a 
plurality of erase pulses, checking for receipt of a memory 
command after a predetermined number of erase pulses, Sus 
pending, after the predetermined number of erase pulses, the 
erase operation if the memory command was received, and 
performing a memory operation associated with the memory 
command. 
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ERASE-SUSPEND SYSTEMAND METHOD 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/365,232, entitled “ERASE-SUSPEND SYS 
TEMAND METHOD FOR IMPROVING SSD PERFOR 
MANCE AND REDUCING FLASH WEAR-OUT and filed 
Feb. 2, 2012, which claims priority from U.S. Provisional 
Application No. 61/439,296, filed Feb. 3, 2011, both of which 
are incorporated herein by reference in their entirety. 

TECHNICAL FIELD 

0002 The subject technology generally relates to flash 
memory devices. 

BACKGROUND 

0003 Flash memory bears little resemblance to a mag 
netic recording system. Commodity flash chips are closed 
systems with no external access to analog signals, in sharp 
contrast to the typical Hard Disk Drive (HDD) where analog 
signals have always been available for study. Even though a 
HDD is a complex electro-mechanical system and can suffer 
catastrophic failure, it has been possible to engineer drives to 
have a life expectancy with little to no degradation in perfor 
mance, which last beyond their time of technical obsoles 
cence. Flash memory, on the other hand, has a finite life 
expectancy with gradual degradation in performance through 
the life cycle. Even so, since flash memory was first conceived 
as a memory device, the target error rate at the output of the 
chip has been very low, as opposed to systems where stronger 
error correction coding (ECC) may be used. 
0004 Lower priced solid state drives (SSDs) are typically 
manufactured using multi-level cell (MLC) flash memory for 
increased data capacity, but MLC may be less reliable than 
single-level cell (SLC) flash memory. Consumer SSD manu 
facturers have mitigated Such problems by employing inter 
leaving, special writing algorithms, and/or providing excess 
capacity in conjunction with wear-leveling algorithms. MLC 
flash life span (for example, a total number of programming/ 
erase cycles before producing an unacceptable error rate), 
however, may be sacrificed to meet the requirements of main 
stream consumer flash applications, which require flash to 
have low cost, long retention time, fast programming/erase, 
and low overall error rate to work with unsophisticated con 
trollers, and, consequently, has not been proven acceptable 
for many enterprise SSD applications. Even with the 
increased data capacity of MLC, it may be more expensive to 
use in enterprise applications because of its disproportion 
ately large reduction in cycle endurance due to increased 
(wear causing) stresses that are required to read, program, and 
erase the flash. 

SUMMARY 

0005. A method for suspending an erase operation per 
formed on a group of memory cells in a flash memory circuit 
is disclosed. In one aspect, the method may include initiating 
an erase operation on one or more memory cells, the erase 
operation including a plurality of erase pulses, checking for 
receipt of a memory command after a predetermined number 
of erase pulses, Suspending, after the predetermined number 
of erase pulses, the erase operation if the memory command 
was received, and performing a memory operation associated 
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with the memory command. Other aspects include corre 
sponding systems, apparatus, and computer program prod 
ucts for implementation of the computer-implemented 
method. 
0006. In another aspect, a machine-readable medium may 
include instructions stored thereon that, when executed by a 
processor, perform a method for performing an erase opera 
tion. In this regard, the method may include initiating an erase 
operation on one or more memory cells in a flash memory 
device, the erase operation including a plurality of erase 
pulses, determining, after a predetermined number of erase 
pulses, whether a command to perform a memory operation 
was received, Suspending, after the predetermined number of 
erase pulses, the erase operation if the command was 
received, performing the memory operation, and resuming 
the erase operation. Other aspects include corresponding sys 
tems, apparatus, and computer program products for imple 
mentation of the method. 
0007. A system may include a flash memory device, 
including one or more blocks of memory, and a controller 
operably connected to the flash memory device. The control 
ler may be operable to provide to initiate an erase operation on 
one or more memory cells in the flash memory device, the 
erase operation including a plurality of erase pulses, deter 
mine, after the predetermined number of erase pulses, that the 
one or more memory cells fail to satisfy a predetermined erase 
threshold, determine that an instruction to perform a memory 
operation was received after the determination that the one or 
more memory cells failed to satisfy the predetermined erase 
threshold, suspend, after the predetermined number of erase 
pulses, the erase operation on receiving the instruction, per 
form the memory operation, and resume the erase operation. 
0008. The previously described aspects and other aspects 
may provide one or more advantages, including, but not lim 
ited to, including an algorithm to reduce the blocking time of 
the erase operation and, thus, improve input-output opera 
tions (IOPs) performance of the SSD, and, for the same num 
ber of IOPs used in other SSD applications that do not employ 
the Subject technology, reduce the flash memory wear-out and 
achieve higher number of PR/erase cycles the flash memory 
can undergo. 
0009. It is understood that other configurations of the sub 
ject technology will become readily apparent to those skilled 
in the art from the following detailed description, wherein 
various configurations of the Subject technology are shown 
and described by way of illustration. As will be realized, the 
Subject technology is capable of other and different configu 
rations and its several details are capable of modification in 
various other respects, all without departing from the Scope of 
the Subject technology. Accordingly, the drawings and 
detailed description are to be regarded as illustrative in nature 
and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. A detailed description will be made with reference 
to the accompanying drawings: 
0011 FIG. 1 is a block diagram illustrating example com 
ponents of a data storage system. 
0012 FIG. 2 is a graph diagram illustrating example volt 
age evolutions of four possible distributions of memory cells 
in a MLC flash memory cell during an erase operation. 
0013 FIG. 3 is a graph diagram illustrating an example 
erase operation procedure flow and erase parameters. 
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0014 FIG. 4 is a graph diagram illustrating an example 
pulse-by-pulse shift of a programmed threshold Voltage dis 
tribution during the application of an example Incremental 
Step Pulse Erase (ISPE) procedure. 
0015 FIG. 5 is a graph diagram illustrating an example 
method of Suspending an erase operation after a first erase 
pulse. 
0016 FIG. 6 is a flowchart illustrating an example method 
for Suspending an erase operation performed on a group of 
memory cells. 

DETAILED DESCRIPTION 

0017. The subject technology provides a system and 
method for use in flash memory cell architectures that adjust 
erase conditions to increase the number of operations that 
may be performed simultaneously on a flash memory device. 
Using the Subject technology, a flash memory device may be 
reconfigured during the operation of the device to reduce 
wear and increase performance of the overall SSD system. A 
number of parameters may be adjusted, including the number 
oferase pulses used to fully erase programmed memory cells 
in the flash memory device. During an erase operation, after 
applying a limited number of erase pulses (for example, one), 
the Subject technology Suspends the erase operation and 
allows other, higher priority, operations to execute. Accord 
ingly, operation throughput is increased and a positive impact 
on SSD performance is achieved. 
0018. The detailed description set forth below is intended 
as a description of various configurations of the subject tech 
nology and is not intended to represent the only configura 
tions in which the Subject technology may be practiced. The 
appended drawings are incorporated herein and constitute a 
part of the detailed description. The detailed description 
includes specific details for the purpose of providing a thor 
ough understanding of the Subject technology. However, it 
will be apparent to those skilled in the art that the subject 
technology may be practiced without these specific details. In 
Some instances, well-known structures and components are 
shown in block diagram form in order to avoid obscuring the 
concepts of the Subject technology. Like components are 
labeled with identical element numbers for ease of under 
Standing. 
0019. In a flash memory device (for example, with NAND 
architecture), memory cells are grouped in Strings, with each 
string consisting of a set of transistors connected in series 
between a drain select transistor, connected to a bit line of the 
memory block, and a source select transistor, connected to a 
reference voltage distribution line. Each memory cell may 
include a floating-gate MOS transistor. When programming a 
memory cell, electrons are injected into the floating-gate, for 
example, by means of Fowler-Nordheim (F-N) Tunneling. 
The non-volatility of the cell may be due to the electrons 
maintained within the floating-gate. Bits may be stored by 
trapping charge on the floating gate (an electrically isolated 
conductor) which stores a logic value defined by its threshold 
voltage (read threshold) commensurate with the electric 
charge stored. When the cell is erased, the electrons in the 
floating gate may be removed by quantum tunneling (a tunnel 
current) from the floating gate to, for example, the Source 
and/or substrate. 
0020. As a flash memory device ages, error rates may 
increase due to increasingly changing threshold Voltage con 
ditions. For example, as flash memory is cycled (that is, 
programmed and erased repeatedly), its physical qualities 
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may change. In this regard, the repeated placement and 
removal of electrons to and from the floating gate during 
programming and erase operations, respectively, may cause 
Some excess electrons to be trapped in the device, or, in some 
cases, damage to the structure of the device. For example, 
when one or multiple cells are programmed, adjacent cells 
may experience an unexpected and undesired charge injec 
tion to their floating gates, thus leading to corruption of data 
stored therein and errors when the data is read. Electrons may 
eventually leak into neighboring cells after prolonged stress 
due to the Voltages at the gates of neighboring cells. More 
over, the repeated application of a high tunnel current gener 
ated during an erase operation may eventually wear down the 
insulation between the floating gate and the source and/or 
Substrate. This is further aggravated by shorter erase cycles 
using, for example, a high negative charge. Corruption of data 
may result from the loss of electrons through weakened insu 
lators during cell idle time. 
0021 Adding enough electrons may change a cell from an 
erased State to a programmed State, or cause a change between 
programmed States. Similarly, removing electrons may 
change a cell from a first programmed State to a different 
programmed State, or to an erased state. Generally, the impact 
to the threshold voltages of the memory cells may be a func 
tion of the field strength (voltage) and duration of charge 
applied to the cells. That is, programming the flash memory to 
high threshold Voltage conditions may increase the amount of 
electrons that leak into neighboring cells for both program 
and erase processes because each cycle requires a longer 
duration and/or higher applied fields. 
0022 Longererase times have been shown to be beneficial 
in reducing wear-out/degradation of flash memory gate insu 
lators during cycling, however, at a significant loss to opera 
tional efficiency. Contrary to industry practice, the Subject 
technology alleviates this and other problems by providing a 
mechanism for increasing the number of operations that may 
be performed on a flash memory device without the need to 
sacrifice erase time or device life span, and, hence, improves 
the performance of a SSD that uses the technology. As will be 
described in further detail, the subject technology may 
dynamically suspend an erase operation performed on a 
group of memory cells in a non-volatile memory circuit 
before the group of memory cells has been fully erased to 
allow other high priority operations to execute. 
0023 FIG. 1 is a block diagram illustrating example com 
ponents of a data storage system according to one aspect of 
the Subject technology. As depicted in FIG. 1, data storage 
system 100 (for example, a solid state drive) includes data 
storage controller 101, storage medium 102, and flash 
memory 103. Controller101 may use storage medium 102 for 
temporary storage of data and information used to manage 
data storage system 100. Controller 101 may include several 
internal components (not shown) Such as a read-only 
memory, a flash component interface (for example, a multi 
plexer to manage instruction and data transport along a serial 
connection to flash memory 103), an I/O interface, error 
correction circuitry, and the like. In some aspects, all of these 
elements of controller 101 may be integrated into a single 
chip. In other aspects, these elements may be separated on 
their own PC board. 

0024 Controller101 may also include a processor config 
ured to execute code or instructions to perform the operations 
and functionality described herein, manage request flow and 
address mappings, and to perform calculations and generate 
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commands. The processor of controller 101 is configured to 
monitor and control the operation of the components in data 
storage controller 101. The processor may be a general-pur 
pose microprocessor, a microcontroller, a digital signal pro 
cessor (DSP), an application specific integrated circuit 
(ASIC), a field programmable gate array (FPGA), a program 
mable logic device (PLD), a controller, a state machine, gated 
logic, discrete hardware components, or a combination of the 
foregoing. One or more sequences of instructions may be 
stored as firmware on ROM within controller 101 and/or its 
processor. One or more sequences of instructions may be 
software stored and read from storage medium 102, flash 
memory 103, or received from host device 104 (for example, 
via host interface 105). ROM, storage medium 102, flash 
memory 103, represent examples of machine or computer 
readable media on which instructions/code executable by 
controller101 and/or its processor may be stored. Machine or 
computer readable media may generally refer to any medium 
or media used to provide instructions to controller 101 and/or 
its processor, including both Volatile media, Such as dynamic 
memory used for storage media 102 or for buffers within 
controller 101, and non-volatile media, such as electronic 
media, optical media, and magnetic media. 
0025. In some aspects, controller101 is configured to store 
data received from a host device 104 in flash memory 103 in 
response to a write command from host device 104. Control 
ler 101 is further configured to read data stored in flash 
memory 103 and to transfer the read data to host device 104 in 
response to a read command from host device 104. As will be 
described in more detail below, controller 101 is configured 
to, on determining certain operating conditions are present, 
Suspend an erase operation performed on a block and/or page 
of memory. By dynamically and selectively suspending erase 
operations performed on flash memory 103, the subject tech 
nology may improve SSD performance and reduce flash 
memory wear compared to performance of SSD using flash 
memory cells in the same application environment without 
the ability to dynamically suspend erase operations. 
0026. Host device 104 represents any device configured to 
be coupled to data storage system 100 and to store data in data 
storage system 100. Host device 104 may be a computing 
system Such as a personal computer, a server, a workstation, a 
laptop computer, PDA, Smart phone, and the like. Alterna 
tively, host device 104 may be an electronic device such as a 
digital camera, a digital audio player, a digital video recorder, 
and the like. 
0027. In some aspects, storage medium 102 represents 
Volatile memory used to temporarily store data and informa 
tion used to manage data storage system 100. According to 
one aspect of the Subject technology, storage medium 102 is 
random access memory (RAM) Such as double data rate 
(DDR) RAM. Other types of RAM also may be used to 
implement storage medium 102. Memory 102 may be imple 
mented using a single RAM module or multiple RAM mod 
ules. While storage medium 102 is depicted as being distinct 
from controller101, those skilled in the art will recognize that 
storage medium 102 may be incorporated into controller101 
without departing from the scope of the Subject technology. 
Alternatively, storage medium 102 may be a non-volatile 
memory Such as a magnetic disk, flash memory, peripheral 
SSD, and the like. 
0028. As further depicted in FIG. 1, data storage system 
100 may also include host interface 105. Host interface 105 is 
configured to be coupled to host device 104, to receive data 
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from host device 104 and to send data to host device 104. Host 
interface 105 may include both electrical and physical con 
nections for operably coupling host device 104 to controller 
101, for example, via the I/O interface of controller 101. Host 
interface 105 is configured to communicate data, addresses, 
and control signals between host device 104 and controller 
101. Alternatively, the I/O interface of controller 101 may 
include and/or be combined with host interface 105. Host 
interface 105 may be configured to implement a standard 
interface, such as Serial-Attached SCSI (SAS), Fiber Chan 
nel interface, PCI Express (PCIe), SATA, USB, and the like. 
Host interface 105 may be configured to implement only one 
interface. Alternatively, host interface 105 (and/or the I/O 
interface of controller 101) may be configured to implement 
multiple interfaces, which are individually selectable using a 
configuration parameter selected by a user or programmed at 
the time of assembly. Host interface 105 may include one or 
more buffers for buffering transmissions between host device 
104 and controller 101. 

0029 Flash memory 103 represents a non-volatile 
memory device for storing data. According to one aspect of 
the subject technology, flash memory 103 includes, for 
example, a NAND flash memory. Flash memory 103 may 
include a single flash memory device or chip, or, as depicted 
by FIG. 1, may include multiple flash memory devices or 
chips arranged in multiple channels. Flash memory 103 is not 
limited to any particular capacity or configuration. For 
example, the number of physical blocks, the number of physi 
cal pages per physical block, the number of sectors per physi 
cal page, and the size of the sectors may vary within the scope 
of the Subject technology. 
0030 Flash memory may have a standard interface speci 
fication. This standard ensures that chips from multiple 
manufacturers can be used interchangeably (at least to a large 
degree). The interface may further hide the inner working of 
the flash memory and return only internally detected bit val 
ues for data. The interface of flash memory 103 may be used 
to access one or more internal registers 106 and an internal 
flash controller 107. In some aspects, registers 106 may 
include address, command, control, and/or data registers, 
which internally retrieve and output the necessary data to and 
from a NAND memory cell array 108. For example, a data 
register may include data to be stored in memory array 108, or 
data after a fetch from memory array 108, and may also be 
used for temporary data storage and/or act like a buffer. An 
address register may store the memory address from which 
data will be fetched to host 104 or the address to which data 
will be sent and stored. In some aspects, a command register 
may be included to control parity, interrupt control, and/or the 
like. In some aspects, internal flash controller 107 is acces 
sible via a control register to control the general behavior of 
flash memory 103. Internal flash controller 107 and/or the 
control register may control the number of stop bits, word 
length, receiver clock source, and may also control Switching 
the addressing mode, paging control, coprocessor control, 
and the like. 

0031. In some aspects, registers 106 may include a test 
register. The test register may, for example, be accessed by 
specific addresses and/or data combinations provided at the 
interface of flash memory 103 (for example, by specialized 
software provided by the manufacturer to perform various 
tests on the internal components of the flash memory). The 
test register may be used to access and/or modify other inter 
nal registers, for example, the command and/or control reg 
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isters. In some aspects, test modes accessible via the test 
register may be used to input or modify certain programming 
conditions of flash memory 103 (for example, erase param 
eters) to dynamically vary how data is programmed or erased 
from the memory cells of memory arrays 108. 
0032 FIG. 2 is a graph diagram illustrating example volt 
age evolutions of four possible distributions of memory cells 
in a MLC flash memory cell during an erase operation accord 
ing to one aspect of the subject technology. A MLC cell (for 
example, a 2-bit NAND cell) may be programmed to one of 
four levels: an erased level, and three programmed levels. 
After one or more programming cycles, each group of cells 
programmed to a respective level may yield a distribution of 
cells (for example, about the programmed level). Accord 
ingly, each group of cells may form a L0 distribution state (for 
example, binary 11), L1 distribution state (binary 01), L2 
distribution state (binary 00), or L3 distribution state (binary 
10). 
0033. In some aspects, a memory block may be pro 
grammed one page at a time using an Incremental Step Pulse 
Program (ISSP) and erased using a similar Incremental Step 
Pulse Erase Erase (ISPE). The ISPP and/or ISPE may be 
performed by flash controller 107 in response to one or more 
instructions (for example, commands) received from control 
ler 101. For example, using an ISPP, a page operation may be 
performed by applying a Voltage at the gates of each cell in the 
memory page. A corresponding selection at the bit lines cre 
ates a Voltage potential in the selected group of memory cells 
to create one or more distributions that are different than the 
erased L0 distribution state (for example, binary 11). 
0034. During an Erase operation in 1-bit/cell (SLC) or 
2-bit/cell (MLC) NAND flash memory, memory cells are 
returned to the erased state. In this regard, flash memory 103 
may be instructed by controller 101 to perform an Incremen 
tal Step Pulse Erase (ISPE) procedure to apply a series of 
Voltage pulses to the memory cells which are being erased. 
The amplitude polarity may be reversed (from ISPP) during 
the erase operation to remove electrons from the floating 
gates of the memory cells. The Voltage evolution of Such an 
erase operation is depicted in FIG. 2 by the arrows 201 rep 
resenting cells of the L1 distribution, L2 distribution, and L3 
distribution being returned to the L0 distribution state, with 
each cell falling below a threshold voltage 202 corresponding 
to an erased state (for example, Zero Volts). In some aspects, 
the status of the cells may be verified by applying an erase 
verify (EV) voltage 203 (for example, at a second threshold 
voltage) to confirm that the cells have indeed been erased. 
0035 FIG. 3 is a graph diagram illustrating an example 
erase operation procedure flow and erase parameters accord 
ing to one aspect of the Subject technology. An erase opera 
tion may include a series of voltage pulses 301 that are 
applied in a step pattern with the amplitude of each pulse 
incrementally increased with increasing pulse number 
(N), starting from a starting pulse Voltage (V)302. 
Controller 101 may be configured to provide to flash memory 
103 (for example, by setting one or more registers 106) one or 
more erase parameters to use in generating one or more of the 
erase pulses, including, for example, starting pulse Voltage 
(V)302, an amplitude increment (AV)303, a pulse width 
(T) 304, time between pulses, and the like. The erase 
parameters (some of which are depicted in FIG. 3), such as 
starting erase Voltage V, Voltage amplitude increment AV. 
current erase pulse number N. erase pulse width T, 
and maximum allowed number of erase pulses N 

ztise 

may be f 
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stored in several registers inside the NAND flash chip. In 
Some aspects, the erase parameters may be defined separately 
for each pulse or series of pulses. Given a manufacturers 
specification for a particular type of flash memory it will be 
recognizable how to select the appropriate parameters as 
input to an ISPE to achieve an erased distribution (for 
example, L0) from a selected higher distribution (for 
example, L1, L2, or L3). 
0036 FIG. 4 is a graph diagram illustrating an example 
pulse-by-pulse shift of a programmed threshold Voltage dis 
tribution during the application of an example ISPE proce 
dure according to one aspect of the Subject technology. Dur 
ing SSD operation, controller 101 may instruct flash 
controller 107 to issue an erase command for a given memory 
block to start the ISPE procedure. Flash memory 103 may, as 
part of the ISPE, apply a number of erase pulses (for example, 
pulse 1 to pulse N) to the memory cells of the block. During 
the application of the ISPE procedure, a programmed thresh 
old voltage distribution (LX) 401 may be gradually shifted 
402 to the left (to a lower value) with each pulse, until all of 
the cells in a block are sufficiently erased to populate the L0 
distribution state 403, that is, have their threshold voltages 
below a predetermined erase verify (EV) level 404. At the 
conclusion of the ISPE procedure, flash memory 103 may 
return a “Pass' status, indicating that the erase operation is 
complete, or a “Fail' status, indicating that erase failed. 

I0037. In some aspects, the pulse width, T., for an indi 
vidual ISPE erase pulse may be on the order of 0.5 to 1.0 ms, 
and, the duration of the erase-verify operation may be on the 
order of 200 us. Consequently, the total time required to 
perform a block erase operation may be on the order of 2.5 to 
10 ms (for example, with an application of 5 to 20 erase 
pulses). While one block on a given flash memory die is being 
erased, another program, erase, or a read operation may be 
prohibited from being performed on another block on that or 
a different flash memory die. Since other operations are 
blocked during the 2.5 to 10 ms required to complete the 
current erase operation, the erase operation may be seen as a 
blocking operation. This blocking property of the erase 
operation may reduce the overall number of Input-Output 
Operations (IOPs) that can be performed on a die during a 
predetermined period of time, and hence, negatively impact 
the performance of the SSD. 
0038 A longer, milder erase operation may be performed 
using more erase pulses (for example, over 10 pulses), 
Smaller negative Voltage amplitude, and/or a longer pulse 
width to reduce the wear-out/degradation of the flash memory 
cells during cycling. The longer the time required for an erase 
operation, however, the greater the possibility of a negative 
impact on SSD performance, for example, in operation or 
data throughput. Consequently, the blocking property of a 
longer, milder erase operation may worsen performance to a 
point where the negative impact on performance outweighs 
the intended benefit of the operation to reduce wear-out/ 
degradation of the flash memory. The Subject technology 
alleviates these problems by providing a mechanism to Sus 
pend an erase operation after one or more pulses, and briefly 
pass control to other operations. In this regard, by allowing 
other, higher priority, operations to be completed during a 
longer, milder erase operation, the Subject technology may 
facilitate a reduction of wear-out/degradation of the flash 
memory cells while increasing operation throughput and pro 
viding a positive impact on SSD performance. 
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0039 FIG. 5 is a graph diagram illustrating an example 
method of Suspending an erase operation after a first erase 
pulse according to one aspect of the Subject technology. Con 
troller 101 may be operable (for example, by execution of an 
algorithm) to program and/or send commands to flash 
memory 103 to perform the erase operation on a block of 
memory cells one-pulse-at-a-time (with a verify operation 
after every pulse); that is, the maximum allowed number of 
erase pulses N is equal to 1, contrary to other ISPE proce 
dures, which may apply all of the erase pulses until all of the 
cells in the block are erased. In the depicted example, the 
erase (ER) operation may be suspended 501 after Pulse 1. 
One or more other operations (for example, one or more 
higher priority program (PR), erase (ER), or a read (RD) 
operations) are then performed 502 on one or more other 
blocks or pages of one or more flash memory devices in data 
storage system 100 while the erase operation is suspended. 
After the one or more other operations are performed, con 
troller101 may resume 503 the original erase (ER) operation 
at Pulse 2. Controller 101 may, for example, provide an 
instruction to flash memory 103 instructing it to continue 
erasing the block of memory cells. Erase procedure param 
eters, including, the starting erase Voltage, V, the Voltage 
amplitude increment, AV, erase pulse number, N, and the 
erase pulse width, T, may be stored in storage medium 
102 and/or flash memory 103 by the controller 101, and 
recalled and set prior to resuming the original erase operation. 
In some aspects, these parameters may also be stored in 
registers 106 inside flash memory 103. 
0040 FIG. 6 is a flowchart illustrating an example method 
for Suspending an erase operation performed on a group of 
memory cells according to one aspect of the Subject technol 
ogy. In step 601, controller 101 sets a maximum allowed 
number of erase pulses, N, to 1 and stores N, in an 
appropriate register 106 inside the flash memory 103. In step 
602, a single erase pulse is applied (for example, by controller 
107 of flash memory 103) to the block and/or page being 
erased. In step 603, controller 101 determines whether the 
block and/or page is fully erased. Setting N to 1 programs 
flash memory 103 to return a “Fail' status to controller 101 
after applying a single erase pulse, unless the block is fully 
erased. If the erase is complete then the process ends. Other 
wise, the process proceeds to step 604. As described previ 
ously, some block ISPE operations may require application of 
a plurality of pulses (5 to 20 erase pulses, for example.) In 
Some aspects, data storage system 100 may store a command 
queue in storage medium 102 for maintaining pending pro 
gram and/or read operations and a priority value for each 
operation. 
0041. In step 604, after the flash chip is partially erased 
and returns a “Fail' status after Pulse 1 is applied, the con 
troller 101 may be operable to perform checks (for example, 
against the command queue) to determine if there are other 
program or read operations (or another erase operation) with 
higher priority that are waiting to be performed on Some other 
block (for example, in the same or different die). If such 
operations are pending (for example, in the host command 
queue), in step 605, the erase operation may be suspended, the 
otherpending operations performed in step 606, and the erase 
operation resumed in step 607 at Pulse 2 using the correct 
Pulse 2 parameters. Alternatively, in step 604, if it is deter 
mined that there is no other program or read operation with 
higher priority, the erase operation resumes in step 607. Con 
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sequently, a number erase pulses may be administered by 
repeating step 602 prior to a Suspend-erase operation taking 
place. 
0042. In step 607, the erase operation is resumed. Prior to 
resuming the erase operation, controller 107 may determine 
Pulse 2 parameters based on values stored in one or more 
registers 106. In another aspect, controller 101 may deter 
mine (for example, calculate) the correct Pulse 2 parameters 
based on the saved erase parameters and program registers 
106 before controller 107 makes its determination. In one 
example, referring briefly to FIG. 3, the negative value of the 
amplitude of Pulse 2, V. 305, may be found as 

use2-(start-A'Nease) (1) 

where V. 302 is the starting erase Voltage, applied at Pulse 
1 and N is the erase pulse number (N is set to 1 in the 
firmware after application of Pulse 1). 8iS 8 
0043 Controller 101 (or controller 107) may change the 
erase pulse parameters, V and T as functions of pulse 
number, N., or other SSD parameters, according to a pre 
determined set of rules (for example, based on parameters 
stored in registers 106, storage medium 102, or the like). Once 
the parameters are determined, the process is returned to step 
602 using the new parameters. Likewise, if there are no higher 
priority operations pending as a result of the check performed 
in step 604, the process proceeds to step 607 and the erase 
operation resumed. 
0044. By allowing the erase procedure to be suspended 
after every pulse, the blocking time of the erase operation may 
be reduced from the total duration of the erase operation for 
example, 2.5 to 10 ms—to the duration of the single erase 
pulse, T (plus the time required for the verify operation, 
for example, about 2001). In this regard, the procedure of the 
subject technology T may be set much smaller than if 
other technologies were used. For example, wherein T. 
may have been set at 0.5 to 1.0 ms, T can be reduced by 
about 5 times to, for example, 100 to 200 us, while increment 
ing the negative magnitude of the erase pulses only at every 
5th erase pulse, instead ofat every single pulse. This results in 
a blocking time of the erase operation below 0.5 ms. Reduc 
ing the blocking time of the erase operation may increase the 
number of IOPs for a given die, and, hence, increases the 
overall performance of the SSD. 
0045. Additionally or in the alternative, using an erase 
Suspend procedure of the Subject technology, longer indi 
vidual pulses with T on the order of 2.5 to 10 ms may be 
applied instead of, for example, 0.5 to 1.0 ms pulses found in 
other technologies, while using Smaller values of starting 
erase Voltage, V, and Voltage amplitude increment, AV. 
Since the erase operation can be suspended after every pulse, 
this may result in an increase of the total erase time, while the 
blocking time of the erase operation, and, hence the SSD 
performance, remains unchanged. As described previously, 
using more erase pulses with Smaller negative Voltage ampli 
tude and/or with longer pulse width reduces the wear-out/ 
degradation of flash memory cells during cycling. Thus, the 
implementation of the Subject technology may reduce the 
wear-out/degradation of the flash memory and to achieve 
higher endurance, that is, a higher number of P/E cycles the 
flash memory can undergo, while maintaining the same IOPS 
performance of the SSD. 
0046 Those of skill in the art would appreciate that the 
various illustrative blocks, modules, elements, components, 
methods, and algorithms described herein may be imple 
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mented as electronic hardware, computer Software, or com 
binations of both. To illustrate this interchangeability of hard 
ware and software, various illustrative blocks, modules, 
elements, components, methods, and algorithms have been 
described above generally in terms of their functionality. 
Whether such functionality is implemented as hardware or 
Software depends upon the particular application and design 
constraints imposed on the overall system. Skilled artisans 
may implement the described functionality in varying ways 
for each particular application. Various components and 
blocks may be arranged differently (e.g., arranged in a differ 
ent order, or partitioned in a different way) all without depart 
ing from the scope of the Subject technology. 
0047. It is understood that the specific order or hierarchy 
of steps in the processes disclosed is an illustration of exem 
plary approaches. Based upon design preferences, it is under 
stood that the specific order or hierarchy of steps in the pro 
cesses may be rearranged. Some of the steps may be 
performed simultaneously. The accompanying method 
claims present elements of the various steps in a sample order, 
and are not meant to be limited to the specific order or hier 
archy presented. 
0048. The previous description is provided to enable any 
person skilled in the art to practice the various aspects 
described herein. The previous description provides various 
examples of the Subject technology, and the Subject technol 
ogy is not limited to these examples. Various modifications to 
these aspects will be readily apparent to those skilled in the 
art, and the generic principles defined herein may be applied 
to other aspects. Thus, the claims are not intended to be 
limited to the aspects shown herein, but is to be accorded the 
full scope consistent with the language claims, wherein ref 
erence to an element in the singular is not intended to mean 
“one and only one' unless specifically so stated, but rather 
“one or more.” Unless specifically stated otherwise, the term 
“some refers to one or more. Pronouns in the masculine (e.g., 
his) include the feminine and neuter gender (e.g., her and its) 
and vice versa. Headings and Subheadings, if any, are used for 
convenience only and do not limit the invention. 
0049. The predicate words “configured to”, “operable to’, 
and “programmed to do not imply any particular tangible or 
intangible modification of a Subject, but, rather, are intended 
to be used interchangeably. For example, a processor config 
ured to monitor and control an operation or a component may 
also mean the processor being programmed to monitor and 
control the operation or the processor being operable to moni 
tor and control the operation. Likewise, a processor config 
ured to execute code can be construed as a processor pro 
grammed to execute code or operable to execute code. 
0050 A phrase such as an "aspect” does not imply that 
Such aspect is essential to the Subject technology or that Such 
aspect applies to all configurations of the Subject technology. 
A disclosure relating to an aspect may apply to all configu 
rations, or one or more configurations. Anaspect may provide 
one or more examples. A phrase Such as an aspect may refer 
to one or more aspects and Vice versa. A phrase such as an 
"embodiment” does not imply that such embodiment is 
essential to the Subject technology or that Such embodiment 
applies to all configurations of the Subject technology. A 
disclosure relating to an embodiment may apply to all 
embodiments, or one or more embodiments. An embodiment 
may provide one or more examples. A phrase such as an 
"embodiment may refer to one or more embodiments and 
Vice versa. A phrase Such as a “configuration' does not imply 
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that such configuration is essential to the Subject technology 
or that Such configuration applies to all configurations of the 
Subject technology. A disclosure relating to a configuration 
may apply to all configurations, or one or more configura 
tions. A configuration may provide one or more examples. A 
phrase Such as a “configuration' may refer to one or more 
configurations and vice versa. 
0051. The word “exemplary” is used hereinto mean “serv 
ing as an example or illustration.” Any aspect or design 
described herein as “exemplary' is not necessarily to be con 
Strued as preferred or advantageous over other aspects or 
designs. 
0.052 All structural and functional equivalents to the ele 
ments of the various aspects described throughout this dis 
closure that are known or later come to be known to those of 
ordinary skill in the art are expressly incorporated herein by 
reference and are intended to be encompassed by the claims. 
Moreover, nothing disclosed herein is intended to be dedi 
cated to the public regardless of whether such disclosure is 
explicitly recited in the claims. No claim element is to be 
construed under the provisions of 35 U.S.C. S 112, sixth para 
graph, unless the element is expressly recited using the phrase 
“means for” or, in the case of a method claim, the element is 
recited using the phrase “step for.” Furthermore, to the extent 
that the term “include,” “have or the like is used in the 
description or the claims, such term is intended to be inclusive 
in a manner similar to the term “comprise' as “comprise' is 
interpreted when employed as a transitional word in a claim. 
What is claimed is: 
1. A method for performing an erase operation, the method 

comprising: 
initiating an erase operation on one or more memory cells, 

the erase operation including a plurality of erase pulses; 
checking for receipt of a memory command after a prede 

termined number of erase pulses; 
Suspending, after the predetermined number of erase 

pulses, the erase operation if the memory command was 
received; and 

performing a memory operation associated with the 
memory command. 

2. The method of claim 1, further comprising: 
setting a plurality of erase parameters for use in connection 

with the erase operation before initiating the erase 
operation; 

adjusting one or more of the erase parameters according to 
a predetermined set of rules after the erase operation is 
Suspended; and 

resuming the erase operation with the adjusted erase 
parameters. 

3. The method of claim 1, further comprising: 
storing one or more erase parameters for use in connection 

with the erase operation; 
performing the memory operation using one or more dif 

ferent parameters; and 
recalling the stored one or more erase parameters after 

performing the memory operation; and 
resuming the erase operation with the stored one or more 

erase parameters. 
4. The method of claim 1, further comprising: 
setting one or more erase parameters before initiating the 

erase operation, wherein the one or more erase param 
eters are set based on a current number of programferase 
cycles. 
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5. The method of claim 1, further comprising: 
determining whether the one or more memory cells satisfy 

a predetermined erase threshold, wherein the erase 
operation is Suspended if the memory command was 
received and the one or memory cells do not satisfy the 
predetermined erase threshold. 

6. The method of claim 5, whereindetermining whether the 
one or more memory cells satisfy a predetermined erase 
threshold comprises: 

initiating an erase verify operation after the predetermined 
number of erase pulses. 

7. The method of claim 1, wherein the predetermined num 
ber of erase pulses is set to one, and the erase verify operation 
is initiated after each pulse. 

8. The method of claim 1, further comprising: 
determining the memory operation has a higher priority 

than the erase operation. 
9. The method of claim 1, wherein the erase operation is 

performed on a first block of memory and the memory opera 
tion is performed on a second block of memory. 

10. The method of claim 9, wherein the memory operation 
is a program operation, an erase operation, or a read opera 
tion. 

11. A machine-readable storage medium having instruc 
tions stored thereon that, when executed by a processor, per 
form a method for performing an erase operation, the method 
comprising: 

initiating an erase operation on one or more memory cells 
in a flash memory device, the erase operation including 
performing a plurality of erase pulses; 

determining, after a predetermined number oferasepulses, 
whether a command to perform a memory operation was 
received; 

Suspending, after the predetermined number of erase 
pulses, the erase operation if the command was received; 

performing the memory operation; and 
resuming the erase operation after the memory operation is 

completed. 
12. The machine-readable storage medium of claim 11, the 

method further comprising: 
determining one or more parameters associated with the 

erase operation based on values stored in one or more 
registers of the flash memory device; and 

instructing the flash memory device to resume the erase 
operation using the one or more determined parameters. 

13. The machine-readable storage medium of claim 11, the 
method further comprising: 

determining one or more erase parameters associated with 
the erase operation as a function of pulse number and 
one or more SSD parameters, according to a predeter 
mined set of rules; and 
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instructing the flash memory device to resume the erase 
operation using the one or more determined parameters. 

14. The machine-readable storage medium of claim 11, 
wherein the plurality of erase pulses are applied to the one or 
memory cells by one or more internal components of the flash 
memory device in response to instructions received from an 
SSD controller. 

15. The machine-readable storage media of claim 11, fur 
ther comprising: 

determining whether the one or more memory cells satisfy 
a predetermined erase threshold, wherein the determi 
nation of whether the command was received is per 
formed if the predetermined threshold is not met. 

16. The machine-readable storage medium of claim 15, 
wherein determining whether the one or more memory cells 
satisfy a predetermined erase threshold comprises: 

instructing the flash memory device to initiate an erase 
verify operation after the predetermined number oferase 
pulses. 

17. The machine-readable storage medium of claim 11, 
wherein the predetermined number of erase pulses is one and 
the erase sensing operation is initiated after each pulse. 

18. The machine-readable storage medium of claim 11, 
wherein the erase operation is performed on a first block of 
memory in the flash memory device and the memory opera 
tion is performed on a second block of memory in the flash 
memory device. 

19. The machine-readable storage medium of claim 18, 
wherein the memory operation is a program operation, an 
erase operation, or a read operation. 

20. A system, comprising: 
a flash memory device, the flash memory device including 

one or more blocks of memory; and 
a controller operably connected to the flash memory 

device, the controller operable to: 
initiate an erase operation on one or more memory cells 

in the flash memory device, the erase operation 
including a plurality of erase pulses; 

determine, after the predetermined number of erase 
pulses, that the one or more memory cells fail to 
satisfy a predetermined erase threshold; 

determine that an instruction to perform a memory 
operation was received after the determination that 
the one or more memory cells failed to satisfy the 
predetermined erase threshold; 

suspend, after the predetermined number of erase 
pulses, the erase operation on receiving the instruc 
tion; 

performing the memory operation; and 
resuming the erase operation after the memory operation 

is completed. 


