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NON-PROVISIONAL U.S. PATENT APPLICATION
Atty. Docket No: 0299-0004.02

IMPROVED LIFETIME MIXED LEVEL NON-VOLATILE MEMORY SYSTEM
Inventor: G. R. Mohan Rao

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application is a Non-Provisional Patent Application, claiming
priority under 35 U.S.C. §119¢) to U.S. Provisional Application Serial No.
61/509,257, entitled “Improved Lifetime Mixed Level NAND Flash System,”
filed July 19, 2011, the complete disclosure thereof being incorporated
herein by reference. This application also incorporates by reference the
complete disclosure of United States Pat. No., 7,855,916, entitled
“Nonvolatile Memory Systems with Embedded Fast Read and Write
Memories,” filed on October 22, 2008 by inventor G.R. Mohan Rao, and
issued on December 21, 2010. This application also incorporates by
reference the complete disclosure of Unitéd States Pat. Appl. No,
12/915,177, entitled “Nonvolatile Memory Systems with Embedded Fast
Read and Write Memories,” filed on October 29, 2010 (US 2011/0060870

Al) by inventor G.R. Mohan Rao,

TECHNICAL FIELD
[002] This application relates to a system and method for providing reliable
storage through the use of non-volatile mem ories and, more particularly, to

a system and method of increasing the reliability and lifetime of a NAND
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flash storage system, module, or chip through the use of a combination of
single-level cell (SLC) and multi-level cell (MLC) NAND flash storage without
substantially raising the cost of the NAND flash storage system. The memory
in a total non-volatile memory system may contain some SRAM (static
random-access memory), DRAM (dynamic RAM), RRAM (resistive RAM), PCM
(phase change memory), MAGRAM (magnetic random-access memory),
NAND flash, and one or more HDDs (hard disk drives) when storage of the
order of several terabytes is required. The SLC non-volatile memory can be
flash, PCM, RRAM, MAGRAM or any other solid-state non-volatile memory
as long as it has endurance that is superior to that of MLC flash, and it
provides for data access speeds that are faster than that of MLC flash or

rotating storage media (e.g., HDDs).

BACKGROUND OF THE DISCLOSURE

[003] Non-volatile memories provide long-term storage of data. More
particularly, non-volatile memories can retain the stored data even when not
powered. Magnetic (rotating) hard disk drives (HDD) dominate this storage
medium due to lower cost compared to solid state disks (SSD). Optical
(rotating) disks, tape drives and others have a smaller role in fong-term
storage systems. SSDs are preferred for their superior performance (fast
access time), mechanical reliability and ruggedness, and portability. Flash
memory, more specifically NAND flash, is the dominant SSD medium today.

[004] RRAM, PCM, MAGRAM and others, will likely play a larger role in the
future, each of them having their own advantages and disadvantages. They
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may ultimately replace flash memories, initially for use as a “write bu ffer”
and later to replace “SLC flash” and “MLC flash.” MLC NAND flash is a flash
memory technology using multiple levels per cell to allow more bits to be
stored using the same number of transistors. In SLC NAND flash
technology, each cell can exist in one of two states, storing one bit of
information per cell. Most MLC NAND flash mem ory has four possible states
per cell, so it can store two bits of information per cell.

[005] These semiconductor technology driven “flash alternatives,” ie.,
RRAM, PCM, MAGRAM and others, have several advantages over any (SLC
or MLC) flash because they: 1) allow data to be written over existing
data (without prior erase of existing data), 2) allow for an erase of individual
bytes or pages (instead of having to erase an entire block), and 3) possess
superior endurance (1,000,000 write-crase cycles compared to typical
100,000 cycles for SLC flash and less than 10,000 cycles for MLC flash).

[006] HDDs have several platters. Each platter contains 250-5,000 tracks
(concentric circles). Each track contains 64 to 256 sectors. Each sector
contains 512 bytes of data and has a unique “physical (memory) address.” A
plurality of sectors is typically combined to form a “logical block” having a
unique “logical address.” This logical address is the address at which the
logical block of physical sectors appears to reside from the perspective of an
executing application program. The size of each logical block and its logical
é\ddress (and/or address ranges/ boundaries) is optimized for the particular
operating system (OS) and software applications executed by the host
processor. A computer OS organizes data as “files.” Each file may be located
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(stored) in either a single logical block or a plurality of logical blocks, and
therefore, the location of files typically traverses the boundaries of individu al
(physical) sectors. Sometimes, a plurality of files has to be combined and/ or
modified, which poses an enormous challenge for the memory controller
device of a non-volatile memory system.

[007] SSDs are slowly encroaching on the HDD space and the vast majority
of NAND flash in enterprise servers utilizes a SLC architecture, which
further comprises a NAND flash controller and a flash translation layer
(FTL). NAND flash devices are generally fragmented into a number of
identically sized blocks, each of which is further segmented into some
number of pages. It should be noted that asymmetrical block sizes, as well
as page sizes, arc also acceptable within a device or a module containing
devices. For example, a block may comprise 32 to 64 pages, each of which
incorporates 2 - 4 Kbit of memory. In addition, the process of writing data to
a NAND flash memory device is complicated by the fact that, during normal
operation of, for example, single-level storage (SLC), erased bits (usually all
bits in a block with the value of 17 can only be changed to the opposite
state (usually 0’) once before the entire block must be erased. Blocks can
only be erased in their entirety, and, when erased, are usually written to ‘1’
bits. However, if an erased block is already there, and if the addresses
(block, page, etc.) are allowed, data can be written immediately; if not, a
block has to be erased before it can be written to.

[008] FTL is the driver that works in conjunction with an existing operating
system (or, in some embedded applications, as the operating system) to
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make linear flash memory appear to the system like a disk drive, i.e., it
emulates a HDD. This is achieved by creating “virtual” small blocks of data,
or sectors, out of flash’s large erase blocks and managing data on the flash
so that it appears to be “write in place” when in fact i is being stored in
different locations in the flash. FTL further manages the flash so that there
are clean/erased places to store data,

[009] Given the limited number of writes that individual blocks within flash
devices can tolerate, wear leveling algorithms are used within the flash
devices (as firmware commonly known as FTL or managed by a controller) to
attempt to ensure that “hot” blocks, i.e., blocks that are frequently written,
are not rendered unusable much faster than other blocks. This task is
usually performed within a flash translation layer. In most cases, the
controller maintains a lookup table to translate the mem ory array physical
block address (PBA) to the logical block address (LBA) used by the host
system. The controller’s wear-leveling algorithm determines which physical
block to use each time data is programmed, eliminating the relevance of the
physical location of data and enabling data to be stored anywhere within the
memory array and thus prolonging the service life of the flash memory,
Depending on the wear-leveling method used, the controller typically either
writes to the available erased block with the lowest erase count (dynamic
wear leveling); or it selects an available target block with the lowest overall
crase count, erases the block ifnecessary, writes new data to the block, and
ensures that blocks of static data are moved when their block erase count is
below a certain threshold (static wear levelin g).

5
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[0010} MLC NAND flash SSDs are slowly replacing and/or coexisting with
SLC NAND flash in newer SSD systems. MLC allows a single cell to store
multiple bits, and accordingly, to assume more than two values; i.e., 0’ or
‘1. Most MLC NAND flash architectures allow up to four (4) values per cell;
i.e., 00% 01, ‘10, or ‘11’ Generally, MLC NAND flash enjoys greater density
than SLC NAND flash, at the cost of a decrease in access speed and lifetime
(endurance). It should be noted, however, that even SLC NAND flash has a
considerably lower lifetime (endurance) than rotating magnetic media (e.g.,
HDDs), being able to withstand only between 50,000 and 100,000 writes,
and MLC NAND flash has a much lower lifetime {endurance) than SLC
NAND flash, being able to withstand only between 3,000 and 10,000 writes.
As is well known in the art, any “write” or “program” to a block in NAND
flash (floating gate) requires an “erase” (of a block) before “write,”

[0011] Despite its limitations, there are a number of applications that lend
themselves to the use of MLC flash. Generally, MLC flash is used in
applications where data is read many times (but written few times) and
physical size is an issue. For example, flash memory cards for use in digital
cameras would be a good application of MLC flash, as MLC can provide
higher density memory at lower cost than SLC m emory.

[0012] When a non-volatile storage system combines HDD, SLC and MLC
(setting aside volatile memory for buffering, caching etc) in a single (hybrid)
system, new improvements and solutions are required to manage the
methods of writing data optimally for improved life time (endurance) of flash
memory. Accordingly, various embodiments of a NAND flash storage system
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that provides long lifetime (endurance) storage at low cost are described
herein.

[0013] The following description is presented to enable one ofordinary skill in
the art to make and use the disclosure and is provided in the context of a
patent application and its requirements. Various modifications to the
preferred embodiment and the generic principles and features described
herein will be readily apparent to those skilled in the art. Thus, the present
disclosure is not intended to be limited to the embodiments shown, but is to
be accorded the widest scope consistent with the principles and features

described herein.

SUMMARY OF THE DISCLOSURE

[0014] According to one embodiment of the present disclosure, there is
provided a system for storing data which comprises at least one MLC non-
volatile memory module (hereinafier referred to as “MLC module™ and at
least one SLC non-volatile memory module (hereinafter referred to as “SLC
module”), each module comprises a plurality of individually erasable blocks.
The data storage system according to one embodiment of the present
disclosure further comprises a controller for controlling both the at least one
MLC module and the at least one SLC module. In particular, the cqntroller
maintains an address map comprising a list of individual logical address
ranges each of which maps to a similar range of physical addresses within
cither the at least one MLC module or the at least one SLC module. After

each write to (flash) memory, the controller conducts a data integrity check
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to ensure that the data was written correctly. When the data was not written
correctly, the controller modifies the table so that the range of addresses on
which the write failed is remapped to the next available range of physical
addresses within the at least one SLC module. The SLC module can be
(NAND) flash, PCM, RRAM, MAGRAM or any other solid-state non-volatile
memory as long as it has endurance that is superior to that of MLC flash,
and it provides for data access speeds that are faster than that of MLC flash
or rotating storage media (e.g., HDDs),

[0015] According to another embodiment of the present disclosure, there is
provided a system for storing data which comprises a controller that is
further adapted to determine which of the blocks of the plurality of the
blocks in the MLC and SLC non-volatile memory modules are accessed most
frequently and wherein the controller segregates those biocks that receive
frequent writes into the at least one SLC non-volatile memory module and
those blocks that receive infrequent writes into the at least one MLC non-

volatile module.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The present disclosure will be more fully understood by reference to
the following detailed description of one or more preferred embodiments
when read in conjunction with the accompanying drawings, in which like
reference characters refer to like parts throughout the views and in which:
[0017] FIG. 1 is a block diagram of a computer system incorporating one
embodiment of the present disclosure;

8

Kingston Technology Company, Inc., et al. EX1008

Kingston Technology Company, Inc., et al. v. Vervain, LLC IPR2025-00616
10 of 62



[0018] FIG. 2 is a drawing depicting a translation table/address map in
accordance with one embodiment of the present disclosure;

10019] FIGS. 3a and 3b are a flow chart illustrating an exemplary method for
use in implementing one embodiment of the present disclosure; and

[0020] FIG. 4 is a block diagram depicting one embodiment of the present

disclosure for implementation within a NAND flash module.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT

[0021] The present disclosure is directed to the reliable storage of data in
read and write memory, and, in particular, to the reliable storage of data in
non-volatile memory, such as, for example, NAND flash. Generally, and in
particular regard to NAND flash memory, two separate banks of NAND flash
are maintained by a controller. One bank contains economical MLC NAND
flash, while a second bank contains high endurance SLC NAND flash. The
controller conducts a data integrity test after every write. If a particular
address range fails a data integrity test, the address range is remapped from
MLC NAND flash to SLC NAND flash. As the SLC NAND flash is used to
boost the lifetime (endurance) of the storage system, it can be considerably
lesser in amount than the MLC NAND flash. For example, a system may set
SLC NAND flash equal to 12.5% or 25% of MLC NAND flash (total non-
volatile memory storage space = MLC + SLC).

[0022] Turning to the Tigures and to Figure I in particular, a computer
system 10 depicting one embodiment of the present disclosure is shown. A

processor 12 is coupled to a device controller 14, such as a chipset, using a
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data link well known in the art, such as a parallel bus or packet-based link.
The device controller 14 provides interface functions to the processor 12, In
some computer systems, the device controller 14 may be an integral part of
the (host) processor 12. The device controller 14 provides a number of
input/output ports 16 and 18, such as, for example, serial ports (e.g., USB
ports and Firewire ports) and network ports (¢.g., Ethernet ports and 802.11
“Wi-Fi” ports). The device controller 14 may also control a bank of for
cxample, DRAM 20. In addition, the device controller 14 controls access to
one or more disks 24, such as, for example, a rotating magnetic disk, or an
optical disk, as well as two or more types of NAND flash memory. One type
of NAND flash memory is a MLC NAND flash mem ory module 26. Another
type of NAND flash memory is a SLC NAND flash mem ory module 28,

[0023] The device controller 14 maintains a translation table/ address map
which may include address translations for all devices in the computer
system. Nonetheless, the discussion in the present disclosure will be limited
only to NAND flash memory modules. In particular, the device controller 14
maintains a translation table that maps logical computer system addresses
to physical addresses in each one of the MLC- and SLC- NAND flash memory
modules 26 and 28, respectively, As MLC flash memory is less expensive
than SLC flash memory, on a cost petr bit basis, the translation table will
initially map all logical NAND flash addresses to the MLC NAND flash
memory module 26. The address ranges within the translation table will

assume some minimum quantum, such as, for example, one block, although
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a smaller size, such as one page could be used, if the NAND flash has the
capability of erasing the smaller size quantum.

[0024] A “read-modify-write” scheme is used to write data to the NAND flash.
Data to be written to NAND flash is maintained in DRAM 20. After each
write to an address within a particular address ran ge, the device controller
14 will —as time permits — perform a read on the address range to ensure
the integrity of the written data. If a data integrity test fails, the address
range is remapped from the MLC NAND flash m emory module 26 to the next
available address range in the SLC NAND flash m emory moduie 28,

[0025] Figure 2 illustrates one embodiment of a translation table/ address
map of the present disclosure, In Figure 2a, a list of logical address ranges
(RO-RN) is translated to physical address ranges. As illustrated, all of the
logical address ranges are translated to blocks on the MLC NAND flash
memory module 26. However, through the application of a data integrity
verification check (explained in more detail below) it is determined that, for
example, address range R2 corresponds to failed quanta of data stored in
block 2 of the MLC NAND flash memory module 26, Figure 2b shows the
quanta of data which failed the data integrity verification check (see Figure
2a) remapped to the next available range of physical addresses within the
SLC NAND flash memory module 28, in this exam ple, SLC/ block 0.

[0026] Figures 3a and 3b are a flow chart illustrating a method for utilizing a
NAND flash memory system incorporating one embodiment of the present
disclosure. The method begins in a step 100, when a command to write a

quantum of data stored in DRAM to a particular location in NAND flash
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memory is received. In step 102, the quantum of data is read from DRAM
into memory within the device controller (which acts as the memory
controller). In step 104, both the logical address range and the NAND flash
physical address range to which the quantum of data is to be written, is
read into memory of the device controller. In step 106, the quantum of data
to be written is combined with the contents of the NAND flash memory, In
step 108, the NAND flash physical address range to be written is erased. In
step 110, the combined data is written to the appropriate NAND flash
physical address range. In step 112 the NAND flash physical address range
that was written in step 110 is read into device controller m emory.

[0027] The flowchart continues in Figure 3b. In step 114 the NAND flash
physical address range that was read into device controller memory is
compared with the retained data representing the combination of the
previous contents of the physical address range and the quantum of data to
be written. In step 116, if the retained data matches the newly stored data
in the NAND flash memory, the write was a sttccess, and the method exits in
step 118. However, if the retained data does not match the newly stored
data in the NAND flash memory, the method executes step 120, which
identifies the next quantum ofavailable SLC NAND flash memory addresses.
In step 122, a check is made to determine if additional SLC NAND flash
memory is available, and, if not, the NAND flash mem ory system is marked
as failed, prompting a system alert step 124. However, if additional SLC
NAND flash memory is available, the failed NAND flash physical address
range is remapped to the next available quantum of SLC NAND flash
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memory in step 126. Execution then returns to step 110, where the write is
repeated.

[0028] Another application of one embodiment of the present disclosure, not
depicted in any of the drawings, is to allocate “hot” blocks; i.e., those blocks
that reéeive frequent writes, into the SLC NAND flash memory module 28,
while allocating “cold” blocks; i.c., those blocks that only receive infrequent
writes, into the MLC NAND flash memory module 26. This could be
accomplished within the device controller 14 described above, which could
simply maintain a count of those blocks that arc accessed (written to) most
frequently, and, on a periodic basis, such as, for example, every 1000 writes,
or every 10,000 writes, transfer the contents of those blocks into the SLC
NAND flash memory module 28.

[0029] Figure 4 depicts another embodiment of the present disclosure. The
embodiment is entirely resident within a NAND flash module 50. In
particular, a standard NAND flash interface 52 is managed by flash
translation layer (FTL) logic 54. The flash translation layer (FTL) 54 manages
two NAND flash memory banks 56 and 58, whereby memory bank 56
comprises a plurality of MLC NAND flash memory modules 60a and a
plurality of SLC NAND flash memory modules 62a. Memory bank 58
comprises a plurality of MLC NAND flash memory modules 60b and a
plurality of SLC NAND flash memory modules 62b.

[0030} This embodiment of the present disclosure could function similarly to
the system level embodiment discussed earlier with reference to Figures 1 -
3b, but the control functions, such as maintenance of the translation
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table/address map (Figure 2), could be conducted within the flash
translation layer (FTL) 54 instead ofin a device controller 14,

[06031] Embodiments of the present disclosure relate to a system and method
of increasing the reliability and lifetime of a NAND flash storage system,
module, or chip through the use of a combination of multi-level cell (MLC)
and single-level cell (SLC) NAND flash storage. The above description is
presented to enable one of ordinary skill in the art to make and use the
disclosure and is provided in the context of a patent application and its
requirements, While this disclosure contains descriptions with reference to
certain illustrative aspects, it will be understood that these descriptions
shall not be construed in a limiting sense, Rather, various changes and
modifications can be made to the illustrative embodiments without
departing from the true spirit, central characteristics and scope of the
disclosure, including those combinations of features that are individually
disclosed or claimed herein. Furthermore, it will be appreciated that any
such changes and modifications will be recognized by those skilled in the art
as an equivalent to one or more elements of the following claims, and shall

be covered by such claims to the fullest extent permitted by law,
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Claims
What is claimed is:
1. Asystem for storing data comprising:

at least one MLC non-volatile memory module comprising a plurality
of individually erasable blocks;

at least one SLC non-volatile memory module comprising a plurality of
individually erasable blocks; and

a controller coupled to the at least one MLC non-volatile memory
module and the at least one SLC non-volatile mem ory module, the
controller maintaining an address map of at least one of the MLC and SLC
non-volatile memory modules, the address map comprising a list of logical
address ranges accessible by a computer system, the list of logical address
ranges having a minimum quanta of addresses, wherein each entry in the
list of logical address ranges maps to a similar range of physical addresses
\\.'ithin cither the at least one SLC non-volatile mem ory module or within the
at least one MLC non-volatile memory module; and

wherein the controller is adapted to determine ifa ran ge of addresses
listed by an entry and mapped to a similar range of physical addresses
within the at least one MLC non-volatile memory module, fails a data
integrity test, and, in the event of such a failure, the controlier remaps the
entry to the next available equivalent range of physical addresses within the

at least one SLC non-volatile mem ory module,
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2, The system of claim 1, wherein the minimal quanta of addresses is

equal to one block.

3. The system of claim 1, wherein the minimal quanta of addresses is

equal to one page.

4, The system of claim 1, wherein the MLC non-volatile mem ory module

is NAND flash memory,

5. The system of claim 1, wherein the SLC non-volatile mem ory module

is NAND flash memory.

6. The system of claim 1, wherein the MLC non-volatile mem ory module

is resistive random-access memory (RRAM),

7. The system of claim 1, wherein the SLC non-volatile mem ory module

is resistive random-access memory (RRAM).

8. The system of claim 1, wherein the MLC non-volatile memn ory module

is phase change memory (PCM),

9. The system of claim 1, wherein the SLC non-volatile memory module

is phase change memory (PCM).

16
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10.  The system of claim |, wherein the SLC non-volatile memory module

is magnetic random-access mem ory (MAGRAM).

IT.  The system of claim 1, wherein the controller is further adapted to
determine which of the blocks of the plurality of the blocks in the MLC and
SLC non-volatile memory modules are accessed most frequently and
wherein the controller allocates those blocks that receive the most frequent

writes to the at least one SLC non-volatile m emory module,

12. The system of claim 11, wherein the controller determines which of
the blocks of the plurality of the blocks in the MLC and SLC non-volatile
memory modules are accessed most frequently by maintaining a count of

the number of times each one of said blocks is accessed.

13.  The system of claim 12, wherein the controller allocates those blecks
that receive the most frequent writes by transferring the respective contents

of those blocks to the at least one SLC non-volatile m emotry module,

14.  The system of claim 13, wherein the controller causes the transfer of

content on a periodic basis.

17
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ABSTRACT

[0032] A flash controller for managing at least cne MLC non-volatile mem ory
module and at least one SLC non-volatile memory module. The flash
controller is adapted to determine if a range of addresses listed by an entry
and mapped to said at least one MLC non-volatile memory module fails a
data integrity test. In the event of such a failure, the controller remaps said
entry to an equivalent range of addresses of said at least one SLC non-
volatile memory module, The flash controller is further adapted to determine
which of the blocks in the MLC and SLC non-volatile memory modules are
accessed most frequently and allocating those blocks that receive frequent
writes to the SLC non-volatile memory module and those blocks that receive

infrequent writes to the MLC non-volatile mem ory module.

18
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. : 14/525,411

Confirmation No.  : 5177

Inventor : G.R. Mohan Rao

Filed : 10/28/2014

TC/A.U. : TBD

Examiner : TBD

Title : IMPROVED LIFETIME MIXED LEVEL NON-VOLATILE
MEMORY SYSTEM

Docket No. : 0299-0004.02

Mail Stop Missing Parts
Commissicner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir;
In response to the Notice of Incomplete Reply of January 12, 2015, and prior to
examination on the merits, please amend the above-identified application as follows:
Amendments to the Specification begin on page 2 of this paper;
Amendments to the Claims are reflected in the listing of the claims beginning on
page 3 of this paper;

Amendments to the Drawings begin on page 7 of this paper; and

Remarks being on page 8 of this paper.
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Amendments to the Specification

Please amend the Specification as follows:

[0018] FIGS. 2A and 2B are is-a drawings depicting a translation table/address map in

accordance with one embodiment of the present disclosure;

[0019] FIGS. 3Aa and 3Ba are a flow chart illustrating an exemplary method for use in

implementing one embodiment of the present disclosure; and
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Amendments to the Claims

This listing of claims will replace all prior versions and listings of claims in the
application:

Claims 1-14 (canceled)

15. (new) A system for storing data comprising:

at least one MLC non-volatile memory module comprising a plurality of individually
erasable blocks;

at least one SLC non-volatile memory module comprising a piurality of individually
erasable blocks; and

a flash translation layer (FTL); wherein the FTL is adapted to:

a) maintain an address map of at least one of the MLC and SLC non-volatile
memory modules, the address map comprising a list of logical address ranges
accessible by a computer system, the list of logical address ranges having a minimum
quanta of addresses, wherein each entry in the list of logical address ranges maps to a
similar range of physical addresses within either the at least one SLC non-volatile
memory module or within the at least one MLC non-volatile memory module;

b) determine if a range of addresses listed by an entry and mapped to a
similar range of physical addresses within the at least one MLC non-volatile memory

module, fails a data integrity test, and, in the event of such a failure, the controller
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remaps the entry to the next available equivalent range of physical addresses within the
at least one SLC non-volatile memory module;

¢) determine which of the blocks of the plurality of the blocks in the MLC and
SL.C non-volatile memory modules are accessed most frequently by maintaining a count
of the number of times each one of the blocks is accessed; and

d) allocate those blocks that receive the most frequent writes by transferring
the respective contents of those blocks to the at least one SLC non-volatile memory

module.

16. (new) The system of claim 15, wherein the minimal minimum quanta of addresses

is equal to one block.

17. (new) The system of claim 15, wherein the minimal minimum quanta of addresses

is equal to one page.

18. (new) The system of claim 15, wherein the MLC non-volatile memory module is

NAND flash memory.

19, (new) The system of claim 15, wherein the SLC non-volatile memory module is

NAND flash memory.
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20. (new) The system of claim 15, wherein the MLLC non-volatile memory module is

resistive random-access memory (RRAM).

21. (new) The system of claim 15, wherein the SLC non-volatile memory module is

resistive random-access memory (RRAM).

22. (new) The system of claim 15, wherein the MLC non-volatile memory module is

phase change memory (PCM).

23. (new) The system of claim 15, wherein the SLC non-volatile memory module is

phase change memory (PCM).

24, (new) The system of claim 15, wherein the SLC non-volatile memory module is

magnetic random-access memory (MAGRAM).

25. (new) The system of claim 15, wherein the FTL causes the transfer of contenton a

periodic basis.

26. (new) The system of claim 15, wherein the FTL is adapted to determine which of
the blocks of the plurality of the blocks in the MLC and SLC non-volatile memory
modules are accessed less frequently by maintaining a count of the number of times

each one of the blocks is accessed.
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27. (new) The system of claim 26, wherein the FTL is further adapted to allocate those
blocks that receive less frequent writes by transferring the respective contents of those

blocks to the at least one MLC non-volatile memory module.

28. (new) The system of claim 27, wherein the system for storing data further

comprises at least one hard disk drive (HDD).

29. (new) The system of claim 28, wherein the FTL is further adapted to allocate those
blocks that receive the least frequent writes by transferring the respective contents of

those blocks to the at least one HDD.
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Amendments to the Drawings

Please replace sheets 2-4 with the Replacement Sheets accompanying this

Response,
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REMARKS

In response to Notice of Incomplete Reply of January 12, 2015, Applicant makes
the following remarks:
ADS

Applicant has filed herewith a proper ADS pursuant to 37 CFR 1.76(c)(2).
Claim Status
Applicant has canceled claims 1-14 and added new independent claim 15 and

dependent claims 16-29,

Amendments to the Specification and the Drawings

Applicant has amended the Specification to be in compliance with 37 CFR 1.74
and 37 CFR 1.77(b)(9). The amendments to the Specification do not contain any new
matter. Applicant has also amended the Drawings to be in compliance with 37 CFR

1.84(u)(1).

Amendments fo the Claims

Applicant has canceled claims 1-14 and added new independent claim 15 and
dependent claims 16-29. The new claims are supported by Applicant’s disclosure at, for

example, paragraphs [0002] and [0029] - [0031].
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CONCLUSION

Applicant respectfully submits that in light of the arguments set forth in this paper,
this application is now in condition for allowance, and requests that a timely Notice of
Allowance be issued. However, should Examiner be of the opinion that further
amendments or response are required, Applicant encourages Examiner to contact the
undersigned attorney at the telephone number set forth below. Further, although no
additional fees are believed to be due at this time, the Commissioner is authorized to
charge any additional fees or deficiencies or credit any overpayments to The Law
Offices of Eugene M. Cummings, P.C., Deposit Account No. 50-4199 with reference to
attorney docket humber 0299-0004.02.

Respectfully submitted,

The Law Offices of Eugene M. Cummings,
P.C.

By: [David M. Mundt/
David M. Mundt, Reg. No. 41,207
One North Wacker Dr., Suite 4130
Chicago, lllinois 60606
(312) 984-0144 (Telephone)
{312) 984-0146 (Facsimile)
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requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. Arrecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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14/525,411 RAO, G.R. MOHAN
; il E i Art Uni AlA (First Inventor to
Notice of Allowability RxfpmgeEr REIDLINGER 2&?24 " File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X] This communication is responsive to communication(s) submitted 24 June 2015.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 15-29. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
nitpfwww tsplo.gov/patenis/init_events/pph/index.isp or send an inquity to PPHisedhack@usplo.qoy .

4. [[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al by [J Some *c) ] None of the:
1. [ Certified copies of the priotity documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [ ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’'s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. X Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/HARRY W BYRNE/ /R.L.R/
Primary Examiner, Art Unit 2824 Examiner, Art Unit 2824

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150908
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Application/Control Number: 14/525,411 Page 2
Art Unit: 2824

DETAILED ACTION
1. The present application is being examined under the pre-AlA first to invent
provisions.
2. Claims 15-29 are pending.
3. Claim 15 is independent.
EXAMINER’S AMENDMENT

4. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
5. The application has been amended as follows:

Claim 16. (Currently Amended) The system of claim 15, wherein the minimal
minimum quanta of addresses is equal to one block.

Claim 17. (Currently Amended) The system of claim 15, wherein the rinimat
minimum quanta of addresses is equal to one block.
6. The amendment is to correct a transcription error of claim 17 and to eliminate the
redundant language with no antecedent basis.

Allowable Subject Matter

7. Claims 15-29 are allowed.

8. The following is an examiner’s statement of reasons for allowance:
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Application/Control Number: 14/525,411 Page 3
Art Unit: 2824

The prior art of record fails (o teach that the FTL gliocates those blocks that
receive the most frequent writes by ransferring the respective conlents of those
blocks to the at least one SLC non-volgtile memory.
9. Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Conclusion

10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to R LANCE REIDLINGER whose telephone number is
(571)270-7353. The examiner can normally be reached on 11:30am - 9:00pm Mon-
Thur and alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Richard Elms can be reached on (571)272-1869. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 14/525,411 Page 4
Art Unit: 2824

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/R. L. R./ /HARRY W BYRNE/
Examiner, Art Unit 2824 Primary Examiner, Art Unit 2824
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USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

520 {3

"20110060870".pn.

US-PGPUB;
USPAT;
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2014/06/13
14:25

S21 {7

(US-20090268513-$ or US-
20090327590-$ or US-
20110271043-$ or US-
20100172179-$).did. or (US-
8379460-$ or US-8417988-$ or US-
8422303-$).did.

US-PGPUB;
USPAT

OR

ON

2014/06/13
14:34

S22 {5

S21 and count

US-PGPUB;
USPAT;
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2014/06/13
14:34

S23 {10982

address with block with page

US-PGPUB;
USPAT;
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2014/06/13
15:07

S24 2

23 and S21

US-PGPUB;
USPAT;
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2014/06/13
15:07

S25 i1

S21 and MRAM

US-PGPUB;
USPAT;
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2014/06/13
15:29

S26 {61

MRAM with MLC

US-PGPUB;
USPAT;
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2014/06/13
15:30

827 {7

advantages with MRAM with PCRAM
with (flash eeprom)

US-PGPUB;
USPAT

OR

ON

2014/06/13
16:16

S28 4118

(("G R Mohan") near2 (Rao)).INV.

US-PGPUB;
USPAT;
USOCR

OR

ON

2014/06/13
16:48

829 {5196

SLC and MLC

US-PGPUB;
USPAT

OR

ON

2014/06/13
16:49
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S30 {8 S3 and S28 US-PGPUB; OR ON 2014/06/13
USPAT 16:49
S31 {1205 gorobets near2 sergey.in. US-PGPUB; OR ON 2014/06/13
USPAT 16:59
S32 {245 wear adj leveling.ti. US-PGPUB; OR ON 2014/06/13
USPAT 16:59
S33 {4 S31 and S32 US-PGPUB; OR ON 2014/06/13
USPAT 17:00
S34 {184 flag same slc same MLC US-PGPUB; OR ON 2014/06/13
USPAT 19:54
S35 {1 "20060171210".pn. US-PGPUB; OR ON 2014/06/13
USPAT 19:56
S36 2 flag same Tlc same MLC US-PGPUB; OR ON 2014/06/13
USPAT 19:59
S37 {411 flag same ((three triple tri!) adj US-PGPUB; OR ON 2014/06/13
(level state bit) TLC) same (MLC USPAT 20:03
DLC BLC (double two bi) adj (level
state bit))
S38 1403 flag same ((three triple tri!) adj US-PGPUB; OR ON 2014/06/13
(level state bit) TLC) same ((double §{ USPAT 20:04
two bi) adj (level state bit))
S39 176601 {{"365".clas. "711".clas. US-PGPUB; OR ON 2014/06/13
USPAT 20:04
$40 90 S37 and S39 US-PGPUB; OR ON 2014/06/13
USPAT 20:04
A1 i1 "20090307418".pn. US-PGPUB; OR ON 2014/06/14
USPAT 00:30
$42 {5281 365/185.03,185.09.ccls. US-PGPUB; OR ON 2014/06/14
USPAT 01:15
$43 {11 ("20040213031" | "20060268608" | {US-PGPUB; OR ON 2014/06/14
"20080106946" | "20080270072" | { USPAT 17:54
"20090049364" | "20090073763" |
"20090177851" | "20100142270" |
"20120030528" | "20120268994" |
"5673383").PN.
$44 $3733 365/185.03.ccls. US-PGPUB; OR ON 2014/06/14
USPAT 18:01
$45 {1629 flag and S44 US-PGPUB; OR ON 2014/06/14
USPAT 18:01
$46 427101 read$3 adj voltage US-PGPUB; OR ON 2014/06/14
USPAT 18:02
S$47 1332 45 and $46 US-PGPUB; OR ON 2014/06/14
USPAT 18:02
$48 4178033 ijfirst near2 read$3 US-PGPUB; OR ON 2014/06/14
USPAT 18:02
$49 1124427 \second near2 read$3 US-PGPUB; OR ON 2014/06/14
USPAT 18:02
S50 179 $48 and 49 and $46 and $45 US-PGPUB; OR ON 2014/06/14
USPAT 18:03
S51 {1 masaki near2 fujio.in. US-PGPUB; OR ON 2014/06/14
USPAT 18:08
SH2 31 masaki near?2 fujiu.in. US-PGPUB; OR ON 2014/006/14
USPAT 18:09
S53 1725 flag same S48 same $49 US-PGPUB; OR ON 2014/06/14
USPAT 18:22
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S54 {69 $44 and S53 US-PGPUB; OR ON 2014/06/14
USPAT 18:22
S55 {92 553 same (word adj line wordline)  {US-PGPUB; OR ON 2014/06/14
USPAT 18:24
S56 {39 $44 and S55 US-PGPUB; OR ON 2014/06/14
USPAT 18:24
S57 5 flag and S52 US-PGPUB; OR ON 2014/06/14
USPAT 18:30
EAST Search History (I nterference)
Ref i{Hits Search Query DBs Default {iPlurals {{Time
# Operator Stamp
25 {101 g11¢2029/1806.cpc. US-PGPUB; OR ON 2015/09/08
USPAT; 04:53
UPAD
26 {1205 ig11c2211/5641.cpc. US-PGPUB; #OR ON 2015/09/08
USPAT; 04:53
UPAD
27 41056  ig11c29/76.cpc. US-PGPUB; {OR ON 2015/09/08
USPAT; 04:53
UPAD
128 {377 g11c29/765.cpc. US-PGPUB; HOR ON 2015/09/08
USPAT; 04:54
UPAD
L29 {574 g11¢c29/50004.cpc. US-PGPUB; HOR ON 2015/09/08
USPAT; 04:54
UPAD
L30 {2553  iig06f11/1068,1072.cpc. US-PGPUB; {OR ON 2015/09/08
USPAT; 04:54
UPAD
L31 42088 i#g11ci1/5621.cpc. US-PGPUB; {OR ON 2015/09/08
USPAT; 04:54
UPAD
L32 {6751 25 26 27 28 29 30 31 US-PGPUB; {OR ON 2015/09/08
USPAT; 04:54
UPAD
L34 {247 flash adj translation adj layer.clm. US-PGPUB; {OR ON 2015/09/08
USPAT; 04:55
UPAD
L35 {337 (flash adj translation adj layer US-PGPUB; {OR ON 2015/09/08
FTLY.clm. USPAT; 04:55
UPAD
L36 {21 32 and 35 US-PGPUB; {OR ON 2015/09/08
USPAT; 04:55
UPAD
S58 919 single adj (level bit data) adj (cell US-PGPUB; #OR ON 2014/08/25
memory element).cim. USPAT; 07:04
UPAD
S59 {2720  H(plural multiple multi) adj (level bit US-PGPUB; #OR ON 2014/08/25
data) adj (cell memory element).clm. i USPAT; 07:05
UPAD
S60 1138 {MLCl.cIm. US-PGPUB; {OR ON 2014/08/25
USPAT; 07:05
UPAD
S61 1651 SLC!.clm. US-PGPUB; {OR ON 2014/08/25
USPAT; 07:05
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i UPAD i
S62 113190 S59 S60 US-PGPUB; {OR ON 2014/08/25
USPAT; 07:05
UPAD
S63 13063 S58 S59 US-PGPUB; {OR ON 2014/08/25
USPAT; 07:05
UPAD
S64 12725 $62 and S63 US-PGPUB; HOR ON 2014/08/25
USPAT; 07:05
UPAD
S65 1101412 §"365".clas. US-PGPUB; HOR ON 2014/08/25
USPAT; 07:06
UPAD
S66 111486 64 and S65 US-PGPUB; {OR ON 2014/08/25
USPAT; 07:06
UPAD
S67 113807 365/185.03.ccls. US-PGPUB; {OR ON 2014/08/25
USPAT; 07:06
UPAD
S68 111818 365/185.09.ccls. US-PGPUB; {OR ON 2014/08/25
USPAT; 07:06
UPAD
S69 115784 365/201.ccls. US-PGPUB; HOR ON 2014/08/25
USPAT; 07:06
UPAD
S70 10934 S67 S68 S69 US-PGPUB; HOR ON 2014/08/25
USPAT; 07:06
UPAD
S71 1885 S70 and S64 US-PGPUB; HOR ON 2014/08/25
USPAT; 07:07
UPAD
S72 1282940 ijaddress.cim. US-PGPUB; HOR ON 2014/08/25
USPAT; 07:07
UPAD
S73 1i{389370 ii( table map).clm. US-PGPUB; HOR ON 2014/08/25
USPAT; 07:08
UPAD
S74 $17911  §S72 near3 S73 US-PGPUB; {OR ON 2014/08/25
USPAT; 07:08
UPAD
S75 284287 itest$3.cim. US-PGPUB; HOR ON 2014/08/25
USPAT; 07:08
UPAD
S76 4 S64 and S74 and S75 US-PGPUB; HOR ON 2014/08/25
USPAT; 07:08
UPAD
S77 i1 13/"Term Removed" US-PGPUB; {OR ON 2014/08/25
USPAT; 07:10
UPAD
S78 111266 SH8 S61 US-PGPUB; {OR ON 2014/08/25
USPAT; 07:15
UPAD
S79 {652 S78 and S62 US-PGPUB; HOR ON 2014/08/25
USPAT; 07:15
UPAD
S80 {134 S70 and S79 US-PGPUB; {OR ON 2014/08/25
USPAT; 07:16

Kingston Technology Company, Inc., et al. EX1008
Kingston Technology Company, Inc., et al. v. Vervain, LLC IPR2025-00616

58 of 62



EAST Search History

UPAD i
81 45 S75 and S80 US-PGPUB; HOR ON 2014/08/25
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UPAD
S82 1111706 ({365/148,158,163,171,173.ccls. US-PGPUB; {OR ON 2014/08/25
USPAT; 07:17
UPAD
S83 {17 S79 and S82 US-PGPUB; {OR ON 2014/08/25
USPAT; 07:17
UPAD
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