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EXHIBIT A2

Invalidity Claim Chart for U.S. Patent No. 8,891,298

Based on U.S. Patent Application Publication No. 2008/0140918 to Sutardja (“Sutardja”)

Claim Language

Citations to Prior Art

[1pre] A system for
storing data
comprising:

Sutardja discloses a system for storing data.

For example, Sutardja discloses a memory system for storing data.

Title: Hybrid non-volatile solid state memory system.

[1a] at least one MLC
non-volatile memory
module comprising a
plurality of
individually erasable
blocks;

Sutardja discloses at least one MLC non-volatile memory module comprising a plurality of individually

erasable blocks.

For example, Sutardja discloses a first solid-state nonvolatile memory that includes MLC flash memory that

stores 2 bits per cell and includes blocks that are erased together.

Fig. 2 ref. 204, para. 108: The first solid-state nonvolatile memory 204 includes MLC flash memory.

Para. 6: Flash devices may store 2 bits per storage cell.

Abs.: A first nonvolatile semiconductor (NVS) memory that has a first write cycle lifetime.

Para. 157: The term block is used for a group of memory cells that is erased together.

[1b] at least one SL.C
non-volatile memory
module comprising a

Sutardja discloses at least one SLC non-volatile memory module comprising a plurality of individually

erasable blocks.
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plurality of
individually erasable
blocks; and

For example, Sutardja discloses a second solid-state nonvolatile memory that includes SLC flash memory
that stores a single bit per cell and includes blocks that are erased together.

Fig. 2 ref. 206, para. 108: The second solid-state nonvolatile memory 206 includes SLC flash memory.
Para. 6: Flash devices where a single bit is stored per storage cell.
Abs.: A second nonvolatile semiconductor (NVS) memory that has a second write cycle lifetime.

Para. 157: The term block is used for a group of memory cells that is erased together.

[1c] a controller
coupled to the at least
one MLC non-
volatile memory
module and the at
least one SLC non-
volatile memory
module wherein the
controller is adapted
to:

Sutardja discloses a controller coupled to the at least one MLC non-volatile memory module and the at least
one SLC non-volatile memory module.

For example, Sutardja discloses a controller coupled to the first solid-state nonvolatile memory and the
second solid-state nonvolatile memory.

Fig. 3, para. 118: The controller 252 communicates with the first solid-state nonvolatile memory 204 via
the first memory interface 262. The controller 252 communicates with the second solid-state nonvolatile
memory 206 via the second memory interface 264.

Para. 9: The controller 102 reads or writes data to the flash memory 104.

Fig. 1 ref. 102, fig. 2 ref. 202, fig. 3 ref. 252: Controller.

[1d] maintain an
address map of at
least one of the MLC

Sutardja discloses the controller is adapted to 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
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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;

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.

For example, Sutardja discloses that the controller includes a mapping module that maps ranges of logical
addresses, accessible by a host and having a minimum quantum of addresses corresponding to a block, to
similar ranges of physical addresses within the second solid-state nonvolatile memory or the first solid-state
nonvolatile memory.

Fig. 6 ref. 465, paras. 142-144: The mapping module 465 maps the logical addresses to the physical
addresses of one of the first and second solid-state nonvolatile memory 462, 464.

Para. 107: The controller 202 maps the logical addresses to physical addresses in the first solid-state
nonvolatile memory 204 and the second solid-state nonvolatile memory 206.

Fig. 7C refs. 522, 528: Map corresponding logical addresses to a block of second memory. Map
corresponding logical addresses to a block of first memory.

Abs.: Maps logical addresses to physical addresses of the first and second NVS memories.

Para. 109: The wear leveling module controls mapping between logical addresses from the host 220 to
physical addresses in the first and second solid-state memories 204 and 206.

Fig. 7A refs. 506, 508, 512, para. 146: Map logical addresses with low write frequencies to first NVS
memory, and map logical addresses with high write frequencies to second NVS memory. Update mapping.

Fig. 8 refs. 604, 606, 612: Map logical addresses where data is written more frequently to second memory.
Map logical addresses where data is written less frequently to first memory. Update mapping.

[1e] determine if a
range of addresses

Sutardja, alone or in combination with other reference(s), renders obvious the controller is adapted to
determine if a range of addresses listed by an entry and mapped to a similar range of physical addresses
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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
remaps the entry to
the next available
equivalent range of
physical addresses
within the at least one
SLC non-volatile
memory module;

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 remaps the entry to the next available equivalent range of physical addresses
within the at least one SLC non-volatile memory module.

For example, Sutardja discloses that the controller includes a degradation testing module determines if a
range of logical addresses mapped to a range of physical addresses within the first solid-state nonvolatile
memory fails a data integrity test, and in the event of such a failure, remaps the range of logical addresses.

Fig. 5 ref. 406, paras. 134-138: The degradation testing module 406 tests the first solid-state nonvolatile
memory 204 to determine whether its storage capability has degraded. The degradation testing module 406
writes data to and then reads data from first solid-state nonvolatile memory 204, compares the read data to
the written data, and determines a degradation value for the physical address based on the comparison. The
wear leveling module 260 adapts its mapping based on the degradation value measured by the degradation
testing module 406. The wear leveling module 260 estimates the maximum write cycle count for the block
based on the amount of degradation, and use this maximum write cycle count for normalization.

Fig. 7D, para. 151: Write data to a physical address, read back the data from the physical address, write data
to the physical address a second time, read back the data from the physical address, compare the data read
back the first time to the data read back the second time, generate a degradation value for the physical
address based on the comparison, and update mapping based on the degradation value.

After the comparison of the written data and the read-back data in the first solid-state nonvolatile memory
results in a failed data integrity test, it would have been obvious to remap the logical address range to a
physical address range within the second solid-state nonvolatile memory. The second solid-state nonvolatile
memory is more reliable, has higher endurance, and is faster than the first solid-state nonvolatile memory.

USS8,634,240 (“Gavens”) discloses the controller is adapted to 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
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module, fails a data integrity test, and, in the event of such a failure, the controller remaps the entry to the
next available equivalent range of physical addresses within the at least one SLC non-volatile memory
module.

See Exhibit A1 claim element le.

[ 1f] determine 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 the
blocks is accessed;
and

Sutardja discloses the controller 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 most frequently by maintaining a count of
the number of times each one of the blocks is accessed.

For example, Sutardja discloses that the controller includes a wear leveling module that determines which
physical blocks in the first solid-state nonvolatile memory and the second solid-state nonvolatile memory
are written to and/or erased most frequently by maintaining a count of the number of times each physical
block is written to and/or erased. Additionally, Sutardja discloses that the controller includes a write
mapping module and a write monitoring module that determine which logical blocks in the first solid-state
nonvolatile memory and the second solid-state nonvolatile memory are written most frequently by
maintaining a count of the number of times each logical block is written.

Fig. 3 ref. 260, paras. 110-111, 121: The wear leveling module 260 tracks the number times the write
and/or erase operations are performed on each block in the first and second solid-state nonvolatile
memories 204 and 206.

Paras. 157, 159: The wear leveling module tracks the number of erases experienced by each block of the
first and second nonvolatile semiconductor memories.

Fig. 7C ref. 520, para. 149: Determine if a number of write operations to a first block of the first NVS
memory during a predetermined time is greater than a predetermined threshold.

Fig. 7E ref. 548, para. 153: Determine if the wear level of the first NVS memory is greater than a
predetermined threshold.
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Para. 128: The number of write operations performed on a block of the first solid-state nonvolatile memory
204 exceeds a predetermined threshold.

Fig. 4A ref. 306, para. 129: The write monitoring module 306 tracks the logical addresses to which data is
frequently written by measuring frequencies at which data is written to the logical addresses.

Fig. 4B ref. 356, para. 113: The write mapping module determines how frequently data is actually written
to the logical addresses.

Fig. 7A refs. 504, 512, paras. 146-147: Receive write frequencies for logical addresses from the host.
Measure actual write frequencies at which data is in fact written to the logical addresses.

Fig. 8 refs. 604, 612, paras. 155-156: Receive data related to write frequency for writing data to logical
addresses from host. Measure actual write frequencies at which data is in fact written to the logical

addresses.
[1g] allocate those Sutardja discloses the controller is adapted to allocate those blocks that receive the most frequent writes by
blocks that receive transferring the respective contents of those blocks to the at least one SLC non-volatile memory module.
the most frequent
writes by transferring
the respective For example, Sutardja discloses that the controller includes the wear leveling module that allocates the
contents of those physical blocks in the first solid-state nonvolatile memory that receive the most frequent writes by

blocks to the at least | transferring the data stored in those physical blocks to the second solid-state nonvolatile memory.
one SLC non-volatile

memory module. _ ) )
Fig. 7C ref. 522, para. 149: If the number of write operations to the first block of the first NVS memory

during a predetermined time is greater than the predetermined threshold, then map the logical addresses that
correspond to the first block of the first NVS memory to a second block of the second NVS memory.

Fig. 7E ref. 550, para. 153: If the wear level of the first NVS memory is greater than a predetermined
threshold, then map all logical blocks to physical blocks of the second NVS memory.
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Para. 128: The number of write operations performed on a first block of the first solid-state nonvolatile
memory 204 exceeds a predetermined threshold. The wear leveling module 260 biases mapping of logical
addresses that were originally mapped to the first block of the first solid-state nonvolatile memory 204 to a
second block of the second solid-state nonvolatile memory 206.

Para. 168: The wear leveling module maintains a list of blocks that have surpasses their write cycle
lifetime. The data that was previously stored in those blocks is written to other blocks.

Para. 132: Data can be remapped and moved from the second solid-state nonvolatile memory 206 to the
first solid-state nonvolatile memory 204, and vice versa.

Fig. 3 ref. 260: Wear leveling module.

Fig. 8 refs. 606, 612, paras. 155-156: Map the logical addresses having high write frequencies greater than a
predetermined threshold to the second NVS memory. Measure actual write frequencies at which data is in
fact written to the logical addresses and update the mapping.

Para. 164: When a write request for a logical address arrives, the wear leveling module determines if the
logical address is already mapped to a physical address and if the write requires an erase of the block. If so,
the wear leveling module determine if there are any unused blocks with lower wear levels. If so, the wear
leveling module directs the write to the unused block having the lowest wear level.

[3] The system of Sutardja discloses or renders obvious the minimum quanta of addresses is equal to one page.
claim 1, wherein the

minimum quanta of
addresses is equal to | For example, Sutardja discloses that the minimum quantum of addresses is equal to one “block.” Sutardja

one page. defines a “block™ as a group of memory cells that must be written together. A group of memory cells that
must be written together is known in the art as a “page.”
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Para. 157: The term block may refer to the group of memory cells that must be written and/or erased
together.

[4] The system of
claim 1, wherein the
MLC non-volatile
memory module is

NAND flash memory.

Sutardja discloses the MLC non-volatile memory module is NAND flash memory.

Paras. 103, 172: NAND flash memory.

Fig. 1 ref. 104, paras. 4, 9: Flash memory.

[5] The system of
claim 1, wherein the
SLC non-volatile
memory module is

NAND flash memory.

Sutardja discloses the SLC non-volatile memory module is NAND flash memory.

Paras. 103, 172: NAND flash memory.

Fig. 1 ref. 104, paras. 4, 9: Flash memory.

[11] The system of
claim 1, wherein the
controller causes the
transfer of content on
a periodic basis.

Sutardja discloses the controller causes the transfer of content on a periodic basis.

Para. 167: At various times, such as periodically, the wear leveling module analyzes the wear levels of the
blocks, and remaps relatively frequently rewritten logical addresses to blocks with low wear levels.

Fig. 7B ref. 518, para. 148: Determine whether time to perform wear level analysis has arrived.

Para. 135: The degradation testing module 406 periodically tests for degradation.
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