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CACHE FILTER

Technical Field

{0001} The present disclosure relates generally to memory systems, and

more particularly, to apparatuses and methods with memory system having a

filter.
Background
{0002] Memory devices are typically provided as internal,

semiconductor, integrated circuits in computing devices or other electronic
devices. There are many different types of memory ncluding volatile and non-
volatile memory. Volatile memory can require power to maintain its data (e.g.,
user data, error data, etc ) and includes random-access memory (RAM), dynamic
random access memory {DRAM}, and synchronous dynamic random access
memory (SDRAM), among others. Non-volatile memory can provide persistent
data by retaining stored data when not powered and can include NAND flash
memory, NOR flash memory, read only memory (ROM}, Electrically Erasable
Programmable ROM (EEPROM), Erasable Prograrmnmable ROM (EPROM), and
resistance variable memory such as phase change random access memory
(PCRAM), resistive random access memory (RRAM), and magnetoresistive
random access memory {(MRAM), among others.

HUHIRY! A memory system can include a cache memory that may be
smaller and/or faster than other memory of the system {e.g., DRAM, NAND,
disk storage, solid state drives (S5D), etc., which may be referred to as main
memory). As an example, cache memory may comprise DRAM memory. A
memory system can cache data to improve performance of the memory system.
Therefore providing cache memory that delivers improved performance for the
memory system is desirable. Improving the latency and hit rate of the cache
memory are performance characteristics that can provide improved performance

of the memory system.
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Bnef Description of the Drawings

{0004 Figure 1 is a block diagram of a computing system including an
apparatus in the form of a host and an apparatus in the form of memory system
in accordance with one or more embodiments of the present disclosure.

10005} Figure 2 is a block diagram of an apparatus in the form of a
memory system in accordance with a number of embodiments of the present
disclosure.

{0006} Figure 3 1s a block diagram of an apparatus 1u the form of a cache
controller including a filter in accordance with a number of embodiments of the
present disclosure.

10007} Figures 4-5 are diagrams llustrating a flag in a filter of cache
controlier in accordance with a number of embodiments of the present

disclosure.

Detailed Description

{6008] The present disclosure includes apparatuses and methods related
to a memory system including a filter. An exaruple apparatus can inchude a filter
to store a number flags, wherein each of the number of flags corresponds to a
cache entry and each of the number of flags identifies a portion of the memory
device where data of a corresponding cache entry is stored in the memory
device.

{00069} In a number of embodiments, a filier on a cache and/or cache
controlier can be used to predict whether the cache controller should service a
request to read and/or write data to a memory system using the cache memory
and/or a memory device {e.g., backing store}. For example, a filter can include a
number of flags, where each of the number of flags can have a corresponding
cache entry (e.g. cache line} in the cache memory and identify a portion of a
memory device where data of a corresponding cache entry 1s stored in the
memory device. The cache controller can use information from a request and
the flags in the filter to determine whether the request may be serviced using
data in the cache or whether the request is be serviced using data in the memory

device.
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{0016} In a number of embodiments, the flags can include a number of
bits that identify a portion of a memory device where data of a corresponding
cache entry is stored in the memory device. The number of bits can also indicate
it data of a corresponding cache entry is valid or invalid and/or dirty or not dirty.
For example, a memory device can include 16 regions of a particular size and a
cache can be the size of one of the regions of the memory device. A filter can
include a first bit that can be used to predict whether data of a corresponding
cache entry is in a first portion of the memory device, the first 8 regions of the
memory device in this example, or in a second portion of the merory device, the
fast 8 regions of the memory device in this example. A filter can include a first
bit and a second bit that can be used to predict whether data of a corresponding
cache entry is in a first portion of the memory device which corresponds to the
first 4 regions of the memory device in this example, in a second portion of the
memory device which corresponds to the second 4 regions of the memory device
in this example, in a third portion of the memory device which corresponds to
the third 4 regions of the memory device in this example, or in a fourth portion
of the memory device which corresponds to the last 4 regions of the memory
device in this example. The filter can also include a bit that indicates whether
the data in an associated cache entry is valid or invalid and a bit that indicates
whether data in an associated cache entry is dirty or not dirty.

{0011} A cache controller can receive a request with information, such as
address information. The information in the request can indicate which flag in
the filter is associated with the request, which cache entry in the cache is
associated with request, and where data associated with the request 1s and/or will
be located in a memory device. The cache controller can locate the flag
associated with request and compare the information about where data
associated with the request 1s and/or will be located in a memory device to the
bits {e.g. settings) in the flag that identifies a portion of the memory device
where data of a corresponding cache entry 1s stored in the memory device. If the
focation where data associated with the request is and/or will be located in a
memory device 1s in the portion of the memory device where data of a
cotresponding cache entry is stored in the memory device as identified by the
flag, then the cache controller can attempt to service the request using cache by

querying the cache to determine if the data associated with the request is focated
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in the cache. H the location where data associated with the request is and/or wiil
be located in a memory device is not in the portion of the memory device where
data of a corresponding cache entry is stored in the memory device as identified
by the flag, then the cache controller can service the request using the memory
device.

10012} In a number of embodiments, a filter can be used to reduce
latency of a memory system with cache by determimng whether or not to
attempt to service a request for data using a cache. The filter can indicate
whether there is no chance or a chance that the request can be services using data
in the cache. If the filter indicates that the request will be a cache miss, the
cache controller can skip attempting to service the request with data that is in the
cache (e.g., skip searching the cache for data associated with the request), thus
decreasing the latency associated with the request and reducing the load on the
cache.

10013} In the following detailed description of the present disclosure,
reference 15 made to the accompanying drawings that form a part hereof, and in
which is shown by way of illustration how one or more embodiments of the
disclosure may be practiced. These embodiments are described in sufficient
detail to enable those of ordinary skill in the art to practice the embodiments of
this disclosure, and it is to be understood that other embodiments may be utilized
and that process, electrical, and/or structural changes may be made without
departing from the scope of the present disclosure. As used herein, the
designators “M”, “N”, and “X”, particularly with respect to reference numerals
in the drawings, indicates that a number of the particular feature so designated
can be included. As used herein, “a number of” a particular thing can refer to
one or more of such things (e.g., a number of memory devices can refer to one
or more memory devices).

{0014} The figures herein follow a numbering convention in which the
first digit or digits correspond to the drawing figure number and the remaining
digits identify an element or component in the drawing. Similar elements or
components between different figures may be identified by the use of similar
digits. For example, 120 may reference element “20” in Figure 1, and a similar
element may be referenced as 220 in Figure 2. As will be appreciated, elements

shown in the vartous embodiments herein can be added, exchanged, and/or
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eliminated s0 as to provide a number of additional embodiments of the present
disclosure.

10015} Figure 1 is a functional block diagram of a computing system 100
including an apparatus in the form of a host 102 and an apparatus in the form of
memory system 104, in accordance with one or more embodiments of the
present disclosure. Asused herein, an “apparatus” can refer to, but is not limited
to, any of a variety of structures or combinations of structures, such as a circuit
or circuitry, a die or dice, a module or modules, a device or devices, or a system
or systerus, for exaraple. In the embodiment tllustrated in Figure 1A, memory
system 104 can include a controller 108, a cache controller 120, cache 110, and a
number of memory devices 111-1, ., 111-X The cache 120 and/or memory
devices 111-1, . ., 111-X can include volatile memory and/or non-volatile
memory.

{0016} As tllustrated in Figure 1, host 102 can be coupled to the memory
system 104. In a number of embodiments, memory system 104 can be coupled
to host 102 via a channel. Host 102 can be a laptop computer, personal
computers, digital camera, digital recording and playback device, mobile
telephone, PDA, memory card reader, interface hub, among other host systems,
and can include a memory access device, e.g., a processor. Une of ordinary skill
in the art will appreciate that “a processor” can intend one or more processors,
such as a parallel processing system, a number of coprocessors, eic.

{0017} Host 102 can includes a host controller to communicate with
memory system 104, The host 102 can send commands to the memory system
104 via a channel. The host 102 can communicate with mermory system 104
and/or the controller 108 on memory system 104 to read, write, and erase data,
among other operations. A physical host interface can provide an interface for
passing control, address, data, and other signals between the memory system 104
and host 102 having compatible receptors for the physical host interface. The
signals can be communicated between host 102 and memory systern 104 on a
number of buses, such as a data bus and/or an address bus, tor example, via
channels.

{0018} Controller 108, a host controller, a controller on cache 110,
and/or a controller on cache memory can include control circuitry, e g.,

hardware, firmware, and/or software. In one or more embodiments, controller
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108, a host controller, a coniroller on cache 110, and/or a controller on cache
memory can be an application specific integrated circuit (ASIC) coupled to a
printed circuit board tncluding a physical interface. Memory system 104 can
include cache controller 120 and cache 110. Cache controller 120 and cache 110
can be used to buffer and/or cache data that 1s used during execution of read
commands and/or write commands.

{0019} Cache controller 120 can include a buffer with filter 122, A
buffer can include a number of arrays of volatile memory {e.g., SRAM) that can
act as filter 122, A bufler on the cache countroller can be configured to store
signals, address signals (e.g., read and/or write commands), and/or data (e.g.,
metadata and/or write data). The buffer can temporarily store signals and/or data
while commands are executed. Cache 110 can include arrays of memory cells
{e.g., DRAM memory cells) that are used as cache and can be configured to
store data that is also stored in a memory device. The data stored in cache and in
the memory device is addressed by the controller and can be located in cache
and/or the memory device during execution of a command.

{6020} Memory devices 111-1, .. | 111-X can provide main memory for
the memory system or could be used as additional memory or storage throughout

the memory system 104. Each memory device 111-1, .., 111-X can include

one or more arrays of memory cells, e.g., non-volatile and/or volatile memory
cells. The arrays can be flash arrays with a NAND architecture, for example.
Embodiments are not imited to a particular type of memory device. For
instance, the memory device can include RAM, ROM, BDRAM, SDRAM,
PCRAM, RRAM, and flash memory, among others.

{0021} The embodiment of Figure 1 can include additional circuitry that
is not itlustrated so as not to obscure embodiments of the present disclosure. For
example, the memory system 104 can include address circuitry to latch address
signals provided over /O connections through VO circuttry. Address signals can
be received and decoded by a row decoder and a colurmn decoder to access the
memory devices 111-1, .. | 111-X. It will be appreciated by those skilled in the
art that the number of address input connections can depend on the density and
architecture of the memory devices 111-1, .. | 111-X

10022} Figure 2 1s a block diagram of an apparatus in the form of a

memory system in accordance with a number of embodiments of the present
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disclosure. In Figure 2, the memory system can be configured to cache data and
service requests from a host and/or memory system controller. The memory
system can include cache controller 220 with a buffer including filter 222, The
buffer can include SRAM memory, for example. A buffer can include
information about the data in cache 210, including metadata and/or address
information for the data in the cache. The memory system can include a
memory device 211 coupled to the cache controller 220, Memory device 211
can include non-volatile memory arrays and/or volatile memory arrays and can
serve as the backing store for the memory system.

10023} Memory device 211 can inchade a controlier and/or control
circuitry {e.g, hardware, firmware, and/or software) which can be used to
execute commands on the memory device 211, The control circuitry can recetve
commands from a memory system controller and or cache controlier 220. The
control circuitry can be configured to execute commands to read and/or write
data in the memory device 211

10024} Figure 3 1s a block diagram of an apparatus in the form of a cache
controlier including a filter in accordance with a number of embodiments of the
present disclosure. In Figure 3, filter 322 can be included on a cache controller,
such as cache controller 120 in Figurel, for example. Filter 322 can include a
number of entries (e g, flags 324-1, .., 324-X). Each of the flags 324-1, .,
324-X can correspond to entries {e.g., cache lines) in a cache, such as cache 110
in Figure 1. For example, flag 324-1 in filter 322 can correspond to a first entry
in a cache, flag 324-2 in filter 322 can correspond to a second entry in a cache,

3

flag

fg

24-X in filter 322 can correspond to an Xth entry in a cache, and so on.
Each of the flags 324-1, ..., 324-X can include number of bits 326-0, ., 236-Y.
{6025] In a number of embodiments, the number of bits 326-0, . . ., 236-
Y in a flag can identify a portion of a memory device, such as memory 111 1n
Figure 1, where data of a corresponding cache entry is stored in the memory
device. A cache controller can receive a request and locate a flag in filter 322
based on information in the request. The request can include address
information that can identify a flag in the filter 322 and also a cache entry in the
cache, such as cache 110 in Figure, where data associated with the request may

be located. The cache controller can locate the flag identified by the request and
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determine if the number of bits of the flag identify a portion of a memory device
where data of a corresponding cache entry is stored in the memory device.
{0026} it the address information of the request includes an address for a
portion of a memory device where the data of a corresponding cache entry is
stored in the memory device as indicated by the number of bits of the flag, then
the cache controller can check in the corresponding cache entry in the cache for
the data associated with the request. The flag can be used by the cache
controller to determine whether to check the cache for data associated with the
request. The flag can indicate and/or predict that the data associated with the
request may be located in the cache and the cache controller can proceed to
check the cache to determine if the data associated with the request is a hit or
miss in the cache. I the address information of the request does not include an
address for a portion of a memory device where data of a corresponding cache
entry is stored tn the memory device as indicated by the number of bits of the
flag, then the cache controller can retrieve the data associated with the request
from the memory device.

16027} Figures 4-5 are diagrams illustrating a flag in a filter of cache
controller in accordance with a number of ernbodiments of the present
disclosure. In Figure 4, flag 424 can be on a filter on a cache controlier and
correspond to an entry (e.g., cache line) of a cache. Flag 424 can be used to
determine if data associated with a request may be tn cache or if it is not in
cache. In Figure 4, flag 424 can include bits 426-0, 426-1, 426-2, and 426-3. In
a number of embodiments, flag 424 can include any number of bits. The bits
can correspond to at least a portion of an address where data in a corresponding
cache entry is stored in a memory device. The cache controller can determine if
data associated with a request may be located in a corresponding cache entry by
comparing the address information in the request to the bits in the flag. If there
is a maich between the address information in the request and the bits in the flag,
the cache controller can check the cache to determine if the data associated with
the request is in the cache. If there is not a match between the address
information in the request and the bits in the flag, the cache controller can locate
and/or retrieve the data assoctated with the request from a memory device.
{0028} In a number of embodiments, bits 426-0, 426-1, 426-2, and 426-3

of flag 324 can be set to fogical values 1 or 0, where a logical value of O
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indicates data in a corresponding cache entry is in a first portion of a memory
device and a logical value of 1 indicates data in a corresponding cache entry 13 in
a second portion of a memory device.

{0029} In a number of embodiments, tlag 424 can include one bit, bit
426-0. When bit 426-0 is set to logical value 0, flag 424 can indicate data in a
corresponding cache entry is in portion 432-1 of a memory device that includes
is regions 430-0,.. ., 430-7 of a memory device. When bit 426-0 is set to logical
value 1, flag 424 can indicate data in a corresponding cache entry is in portion
432-2 of a memory device that includes regions 430-8,.. ., 430-15 of a memory
device.

10030} In a mumber of embodiments, flag 424 can include two bits, bits
426-0 and 4206-1. When bit 426-0 15 set to logical value 0 and bit 426-1 s set to
logical value O, flag 424 can indicate data in a corresponding cache entry is in
portion 434-1 of a memory device that includes regions 430-0,.., 430-3 of a
memory device. When bit 426-0 is set to logical value 0 and bit 426-1 is set to
logical value 1, flag 424 can indicate data in a corresponding cache entry 15 in
portion 434-2 of a memory device that includes regions 430-4,.. ., 430-7 of a
memory device. When bit 426-0 13 set to logical value 1 and bit 426-1 15 set to
logical value 0, flag 424 can indicate data in a corresponding cache entry is in
portion 434-3 of a memory device that includes regions 430-8,..., 430-11 of' a
memory device. When bit 426-0 1s set to logical value 1 and bit 426-1 is set to
logical value 1, flag 424 can indicate data in a corresponding cache entry is in
portion 434-4 of a memory device that includes regions 430-12,..., 430-15 of a
memory device.

{0031} In a number of embodiments, flag 424 can include three bits, bits
426-0, 420-1, and 426-3. When bit 426-0 is set to logical value 0, bit 426-1 is
set to logical value 0, and bit 426-2 is set to logical value 0, flag 424 can indicate
data in a corresponding cache entry is in portion 436-1 of a memory device that
includes regions 430-0,.. ., 430-1 of a merory device. When bit 426-01s set to
logical value O, bit 426-1 is set to logical value 0, and bit 426-2 is set to logical
value 1, flag 424 can indicate data in a corresponding cache entry is in portion
436-2 of a memory device that includes regions 430-2,.. ., 430-3 of a memory
device. When bit 426-0 1s set to logical value 0, bit 426-1 is set to logical value

1, and bit 426-2 is set to logical value 0, flag 424 can indicate data tn a

9



WO 2019/028092 PCT/US2018/044726

cotresponding cache entry is in portion 436-3 of a memory device that includes
regions 430-4,. .. 430-5 of a memory device. When bit 426-0 13 set to logical
value 0, bit 426-1 is set to logical value 1, and bit 426-2 is set to logical value 1,
flag 424 can indicate data in a corresponding cache entry is in portion 436-4 of a
memory device that includes regions 430-6,.. ., 430-7 of a roemory device.
When bit 426-0 is set to logical value 0, bit 426-1 is set to logical value 0, and
bit 426-2 is set to logical value 0, flag 424 can indicate data 10 a corresponding
cache entry is in portion 436-5 of a memory device that includes regions 430-
3,..., 430-9 of a memory device. When bit 426-0 15 set to fogical value 1, bt
426-1 1s set to logical value 0, and bit 426-2 is set to logical value 1, flag 424 can
indicate data in a corresponding cache entry 1s in portion 436-6 of a memory
device that includes regions 430-10,..., 430-11 of a memory device. When bit
426-0 1s set to logical value 1, bit 426-1 is set to logical value 1, and bit 426-2 1s
set to logical value 0, flag 424 can indicate data in a corresponding cache entry is
in portion 436-7 of a memory device that includes regions 430-12,.. ., 430-13 of
a memory device. When bit 426-0 is set to logical value 1, bit 426-1 1s set to
fogical value 1, and bit 420-2 is set to logical value 1, flag 424 can indicate data
in a corresponding cache entry 1s in portion 436-8 of a memory device that
includes regions 430-14,.. ., 430-15 of a memory device.

{0032} In a number of embodiments, flag 424 can include four bits, bits
426-0, 420-1, 426-3, and 426-4. When bit 426-0 is set to logical value 0, bit
426-1 18 set to logical value 0, bit 426-2 is set to logical value 0, and bit 426-3 1s
set to logical value 0, flag 424 can indicate data in a corresponding cache entry is
in portion 438-1 of a memory device that includes region 430-0 of a memory
device. When bit 426-~0 15 set to logical value 0, bit 426-1 1s set to logical value
0, bit 426-2 1s set to logical value O, and bit 426-4 is set to logical value 1, flag
424 can indicate data in a corresponding cache entry is in portion 438-2 of a
memory device that includes region 430-1 of a memory device. When bit 426-0
is set to logical value O, bit 426-1 15 set to logical value 0, bit 426-2 18 set to
fogical value 1, and bit 426-4 is set to logical value 0, flag 424 can indicate data
in a corresponding cache entry is in portion 438-3 of a memory device that
includes region 430-2 of a memory device. When bit 426-0 is set to logical
value 0, bit 426-1 1s set to logical value 0, bit 426-2 is set to logical value 1, and

bit 426-4 1s set to logical value 1, flag 424 can indicate data in a corresponding
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cache entry i3 tn portion 438-4 of a memory device that includes region 430-3 of
a memory device. When bit 426-0 is set to logical value 0, bit 426-1 15 set to
fogical value 1, bit 426-2 is set to logical value 0, and bit 426-4 is set to logical
value 0, flag 424 can indicate data in a corresponding cache entry is in portion
438-5 of a memory device that includes region 430-4 of a memory device.

When bit 426-0 is set to logical value 0, bit 426-1 is set to logical value 1, bit
426-2 is set to logical value 0, and bit 426-4 15 set to logical value 1, flag 424 can
indicate data in a corresponding cache entry is in portion 438-6 of a memory
device that includes region 430-5 of a memory device. When bit 426-0 13 set to
logical value O, bit 426-1 is set to logical value 1, bit 426-2 1s set to logical value
I, and bit 426-4 is set to logical value 0, flag 424 can indicate datain a
corresponding cache entry ts in portion 438-7 of a memory device that includes
region 430-6 of a memory device. When bit 426-0 is set to logical value 0, bit
426-1 1s set to logical value 1, bit 426-2 ts set to logical value 1, and bit 426-4 is
set to logical value 1, flag 424 can indicate data in a corresponding cache entry is
in portion 438-8 of a memory device that includes region 430-7 of a memory
device. When bit 426-0 is set to logical value 0, bit 426-1 is set to logical value
0, bit 426-2 is set to logical value 0, and bit 426-4 1s set to logical value 0, flag
424 can indicate data in a corresponding cache entry is in portion 438-9 of a
memory device that includes region 430-8 of a memory device. When bit 426-0
is set to logical value 1, bit 426-1 is set to logical value 0, bit 426-2 is set to
fogical value 0, and bit 426-4 is set to logical value 1, flag 424 can indicate data
in a corresponding cache entry 18 tn portion 438-10 of a memory device that
includes region 430-9 of a memory device. When bit 426-0 is set to logical
value 1, bit 426-1 13 set to logical value 0, bit 426-2 1s set to logical value 1, and
bit 426-4 is set to logical value 0, flag 424 can indicate data in a corresponding
cache entry is tn portion 438-11 of a memory device that includes region 430-10
of a memory device. When bit 426-0 is set to logical value 1, bit 426-1 is set to
logical value 0, bit 426-2 is set to logical value 1, and bit 426-4 15 set to logical
value 1, flag 424 can indicate data in a corresponding cache entry is in portion
438-12 of a memory device that includes region 430-11 of a memory device.
When bit 426-0 is set to logical value 1, bit 426-1 is set to logical value 1, bit
426-2 is set to logical value 0, and bit 426-4 1s set to logical value 0, flag 424 can

indicate data in a corresponding cache entry is in portion 438-13 of a memory
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device that includes region 430-12 of a memory device. When bit 426-0 15 set to
logical value 1, bit 426-1 1s set to logical value 1, bit 426-2 is set to logical value
0, and bit 426-4 is set to logical value 1, flag 424 can indicate data in a
corresponding cache entry is in portion 438-14 of a memory device that includes
region 430-13 of a memory device. When bit 426-0 is set to logical value 1, bit
426-1 is set to logical value 1, bit 426-2 is set to logical value 1, and bit 426-4 is
set to logical value 0, flag 424 can indicate data 1o a corresponding cache entry 13
in portion 438-15 of a memory device that includes region 430-14 of a memory
device. When bit 426-0 is set to logical value 1, bit 426-1 is set to logical value
I, bit 426-2 is set to logical value 1, and bit 426-4 1s set to logical value 1, flag
424 can indicate data in a corresponding cache entry 1s in portion 438-16 of a
memory device that includes region 430-15 of a memory device.
{06033} In Figure S, flag 524 can be on a filter on a cache controller and
correspond to an entry {e.g., cache line} of a cache. Flag 524 can be used to
determine it data associated with a request may be in cache or if' it is not in
cache. In Figure S, flag 524 can include bits 526-0, .., 526-15. In a number of
embodiments, tlag 524 can include any number of bits. Bits 526-0, ..., 526-15
can correspond to a portion of a memory device where data 1o a corresponding
cache entry is stored in a memory device. The cache controlier can determine if
data associated with a request may be located in a corresponding cache entry by
comparing the address information in the request to the bits in the flag. If there
is a match between the address information in the request and the bits in the flag,
the cache controller can check the cache to determine if the data associated with
the request 1s in the cache. I there is not a match between the address
information in the request and the bits 1o the flag, the cache controller can locate
and/or retrieve the data associated with the request from a memory device.
{0034} In Figure 5, a memory device includes 16 regions, regions 530-0,
530-15 and each of the bits 526-0, .., 526-15 can correspond fo a particular
region. Bit 526-0 can correspond to region 530-0, bit 526-1 can correspond to
region 530-1, bit 526-2 can correspond to region 530-2, bit 526-3 can
correspond to region 530-3, bit 526-4 can correspond to region 530-4, bit 526-5
can correspond to region 530-5, bit 526-6 can correspond to region 530-0, bit
526-7 can correspond to region 530-7, bit 526-8 can correspond to region 530-8,

bit 526-9 can correspond to region 530-9, bit 526-10 can correspond to region
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530-10, bit 526-11 can correspond to region 530-11, bit 526-12 can correspond
to region 530-12, bit 526-13 can correspond to region S30-13, bit 526-14 can
correspond to region 530-14, and bit 526-15 can correspond to region 530-15.
Bits 526-0, .., 526-15 can be set to logical values | or 0. A bit set to logical
value 1 indicates data in a corresponding cache entry is located in the region of
the memory device corresponding to the bit. A bit set to logical value O
indicates data in a corresponding cache entry is not located in the region of the
memory device corresponding to the bit.

{0035} Although specific embodiments have been illustrated and
described herein, those of ordinary skill in the art will appreciate that an
arrangement calculated to achieve the same results can be substituted for the
specific embodiments shown. This disclosure is intended to cover adaptations or
variations of various embodiments of the present disclosure. Htistobe
understood that the above description has been made in an illustrative fashion,
and not a restrictive one. Combination of the above embodiments, and other
embodiments not specifically described herein will be apparent to those of skill
in the art upon reviewing the above description. The scope of the various
embodiments of the present disclosure includes other applications in which the
above structures and methods are used. Therefore, the scope of various
embodiments of the present disclosure should be determined with reference to
the appended claims, along with the full range of equivalents to which such
claims are entitled.

{0036} In the foregoing Detailed Description, various features are
grouped together 1 a single embodiment for the purpose of streamlining the
disclosure. This raethod of disclosure is not to be interpreted as reflecting an
intention that the disclosed embodiments of the present disclosure have to use
more features than are expressly recited in each claim. Rather, as the following
claims reflect, inventive subject matter lies in less than all features of a single
disclosed embodiment. Thus, the following claims are hereby incorporated into
the Detailed Description, with each claim standing on its own as a separate

embodiment.

13
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What is claimed is;

I An apparatus, comprising:
a cache controller; and
a cache and a memory device coupled to the cache controller, wherein
the cache controller includes a filter configured to:
store a number flags, wherein each of the number of flags
corresponds to a cache entry and each of the number of flags identifies a portion
of the memory device where data of a corresponding cache entry is stored in the

memory device.

2. The apparatus of claim 1, wherein the memory device is a non-volatile
memory device and the cache is a DRAM memory device configured to store a
portion of the data stored in the memory device.

3. The apparatus of claim 1, wherein the number of flags indicate a portion

of the memory device where data corresponding to a request 13 located.

4. The apparatus of any one of clairus 1-3, wherein a setting of the number
of flags indicate whether the cache is storing valid data corresponding to a

request.

5. The apparatus of any one of claims 1-3, wherein each of the number of
flags identifies at least a partial location of data stored in the memory device of a

corresponding cache entry.

6. An apparatus, comprising:

a cache controller; and

a cache and a memory device coupled to the cache controller, wherein
the cache controlier includes a filter, wherein the filter includes a number of
flags that correspond to a number of cache entries in the cache and wherein the
cache controller is configured to determine whether to search the cache for data

corresponding to a request based on the number of flags.

14
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7. The apparatus of claim 6, wherein the cache controller is configured to
locate data in the cache corresponding to the request in response to one of the

number of flags indicating the data corresponding to the reguest is in the cache.

3. The apparatus of claim 6, wherein the cache controller is configured to
locate data in the memory device corresponding to the request in response to one
of the number of flags indicating the data corresponding to the request 1s not tn

the cache.

9. The apparatus of any one of claims 6-8, wherein a first bit of the number
of flags indicate whether a cache entry corresponding to the request is storing
data from a first or a second portion of the memory device and wherein a second
bit of the number of flags indicate whether a cache entry corresponding to the
request is storing data from a first, second, third, or fourth portion of the memory

device.

10. An apparatus, comprising:

a controller; and

a memory device coupled to the controller via cache controlier that
includes a filter;

wherein the controller ts configured to recetve a number of requests for
data; and query the cache controller to determine whether the data corresponding
to the number of requests for data is located in the cache; and

wherein the cache controller is configured to determine whether data
corresponding to the number of requests tor data 1s located 10 the cache based on
a number of entries in the filter that identify a location of data stored in the

memory device of a corresponding cache entry.

11, The apparatus of claim 10, wherein the number of requests for data
include an indication of a location in the memory device where the data

corresponding to a particular request is located.

12. The apparatus of claim 10, wherein the filter 1s SRAM on the cache

controller and includes an entry for each cache entry of the cache used to

o
W
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determine whether the cache is accessed to locate data corresponding to the

number of requests for data.

13, The apparatus of any one of claims 10-12, wherein the number of flags
identify a portion of the memory device that corresponds to the data stored in a

particular cache entry.

14. A method, comprising:

receiving a request for data at a cache controlier;

locating an entry in a filter on the cache controller based on information
in the request;

determining that data associated with the request may be located in a
cache based upon the information in the request matching a flag of the entry in
the filter; and

determining that data associated with the request 1s not located in the
cache based upon the information in the request not matching the entry in the

filter.

15. The method of claim 14, wherein determining that data associated with
the request may be located in the cache includes matching a portion of address
information associated with the request with the flag of the entry in the filter that
identifies a portion of the cache where data associated with the request may be

focated.

16. The method of claim 14, further including searching for the data
associated with the request in the cache in response to determining that data

associated with the request may be located 1n the cache.
17. The method of claim 14, wherein determining that data associated with

the request is not located in the cache includes matching a portion of address

information assoctated with the request with the flag of the entry in the filter.

16
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I8.  The method of claim 14, wherein determining that data associated with
the request 1s not located in the cache includes locating an indication in the entry

that a cache entry associated with the request is invahid.

9. A method, comprising:

receiving a request for data at a cache controller; and

determining whether data associated with the request may be in a cache
based on a flag in a filter on the cache controller, wherein the flag identifies a
portion of a memory device where data of a corresponding cache entry 13 stored

in the memory device.

20, The method of claim 19, further including servicing the request by
querying the cache to determine if the data associated with the request is located
in the cache.

21 The method of claim 19, further including servicing the request using the
memory device and not querying the cache to determine if the data associated

with the request is located in the cache.

17
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