wo 2015/084820 A1 [N I NPF V000 0O R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/084820 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

11 June 2015 (11.06.2015) WIPOIPCT
International Patent Classification: (81)
GO6F 12/08 (2006.01)

International Application Number:
PCT/US2014/068114

International Filing Date:
2 December 2014 (02.12.2014)

Filing Language: English
Publication Language: English
Priority Data:

14/095,294 3 December 2013 (03.12.2013) US

Applicant: SANDISK TECHNOLOGIES INC.
[US/US]; Two Legacy Town Center, 6900 North Dallas
Parkway, Plano, TX 75024 (US).

Inventors: FITERMAN, Mark; David Hareuveni 20,
84515 Beer-Sheva (IL). WEINBERG, Yoav; 34 Alameda
Circle, Thorhill, Ontario L4J7V9 (CA). DROR, Itai; 13
Hartsit St., 84965 Omer (IL).

Agent: BRIM, Scott, W.; Brinks Gilson & Lione, P.O.
Box 10087, Chicago, IL 60610 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: MEMORY SYSTEM CONTROLLER INCLUDING A MULTI-RESOLUTION INTERNAL CACHE

20 225
2247 226
20
2247 |

212 \

(57) Abstract: A memory system comprising a non-volatile memory and a
controller in communication with the non-volatile memory is disclosed. The

controller may include a central processing unit ("CPU") and an internal
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FIG. 2b

cache in communication with the CPU via a plurality of cache lines. The CPU
is configured to utilize a first subset of the plurality of cache lines when ac-
cessing data stored in the internal cache at a first resolution. Additionally, the
CPU is configured to utilize a second subset of the plurality of cache lines
when accessing data stored in the internal case at a second resolution, where
the first and second resolutions are different resolutions.
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MEMORY SYSTEM CONTROLLER INCLUDING A MULTI-RESOLUTION
INTERNAL CACHE

BACKGROUND

[0001] Controllers of memory systems often utilize multiple caches, some of
which are internal to the controller and some of which are external to the
controller. For example in many implementations, controllers of memory systems
utilize one internal cache that is internal to the controller and one external DRAM
cache that is external to the controller.

[0002] The internal cache allows the controller to cache data such as central
processing unit variables that flow between the external DRAM cache and the
controller. In addition to storing data for the controller, the external DRAM cache
also provides for the caching of data as data flows between a host that is coupled
with the memory system and a non-volatile memory of the memory system.
[0003] The internal cache that is internal to the controller is often significantly
faster than the external DRAM cache and may be accessed at finer resolutions
than the external DRAM cache. However, the size of the internal cache is often
significantly smaller than the external DRAM cache. For example, a size of an
internal cache is often on the order of 128 Kilobits, where a size of an external
cache is often on the order of 512 Megabits.

[0004] Improved memory systems are desirable that are able to provide
controllers with a cache that provides the speed and fine resolution of an internal
cache while also providing the size and coarse resolution of an external DRAM

cache.

SUMMARY

[0005] The present disclosure is directed to a memory system controller that
includes a multi-resolution internal cache. In one aspect, a memory system is
disclosed. The memory system comprises a non-volatile memory and a

controller in communication with the non-volatile memory. The controller
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comprises a central processing unit and an internal cache in communication with
the central processing unit via a plurality of cache lines.

[0006] The central processing unit is configured to utilize a first subset of the
plurality of cache lines when accessing data that is stored in the internal cache at
a first resolution. Additionally, the central processing unit is configured to utilize a
second subset of the plurality of cache lines when accessing data that is stored in
the internal cache at a second resolution, where the first resolution and the
second resolution are different resolutions.

[0007] In another aspect, a method is disclosed. The element of the method
are performed in a controller of a memory system, where the controller comprises
a central processing unit and an internal cache that is in communication with the
central processing unit via a plurality of cache lines.

[0008] The central processing unit determines whether to access data stored
in the internal cache using a first subset of the plurality cache lines or a second
subset of the plurality of cache lines based on a determined need to access data
stored in the internal cache at a first resolution or a second resolution that is
different from the first resolution.

[0009] The central processing unit accesses data stored in the internal cache
utilizing the first subset of the plurality of cache lines in response to a
determination to access data stored in the internal cache at the first resolution.
[0010] The central processing unit accesses the data stored in the internal
cache utilizing the second subset of the plurality of cache lines in response to a
determination to access data stored in the internal cache at the second

resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 illustrates a host connected with a memory system having a
multi-bank non-volatile memory containing multiple die.
[0012] Figure 2ais an example block diagram of an example flash memory

system controller for use in the multiple die non-volatile memory of Figure 1.
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[0013] Figure 2b is a diagram illustrating cache lines accessing sectors and
segments of an internal cache of the memory system controller of Fig. 2a.
[0014] Figure 3 is an example flash memory bank suitable as one of the non-
volatile memory banks illustrated in Figure 1.

[0015] Figure 4ais a representative circuit diagram of a memory cell array that
may be used in the memory bank of Figure 3.

[0016] Figure 4b illustrates charge levels in a MLC memory operated to store
two bits of data in a memory cell.

[0017] Figure 5 illustrates an example physical memory organization of the
memory bank of Figure 3.

[0018] Figure 6 shows an expanded view of a portion of the physical memory
of Figure 5.

[0019] Figure 7 is a flow chart of one method for a controller to utilize a multi-

resolution internal cache.

DETAILED DESCRIPTION OF THE DRAWINGS

[0020] The present disclosure is directed to a memory system comprising a
controller that includes a multi-resolution internal cache, and methods for a
central processing unit of the controller to access and utilize the multi-resolution
internal cache. As discussed in more detail below, a memory system may
include a non-volatile memory and a controller in communication with the non-
volatile memory. The controller may include a central processing unit (“CPU”)
and a multi-resolution internal cache in communication with the CPU via a
plurality of cache lines. In contrast to previous memory systems with controllers
that utilize both an internal cache that is internal to the controller and an external
cache that is external to the controller, the controllers in the present disclosure do
not utilize an external cache.

[0021] When the CPU accesses data stored in the internal cache, the CPU
determines a resolution at which to access the data. For example, the CPU may

access firmware for the CPU stored in the internal cache at a first resolution by
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utilizing a first subset of the plurality of cache lines to access the internal cache.
The CPU may further access CPU variables stored in the internal cache at a
second resolution that is finer than the first resolution by utilizing a second subset
of the plurality of cache lines to access the internal cache. By utilizing a
controller in a memory system that includes a multi-resolution cache rather than
an internal cache and an external cache, the controller is able to improve overall
performance within the controller by utilizing fast access to date regardless of
whether the controller is reading a small amount of data or a large amount of data
from the internal cache; reducing latency when reading a large amount of data
from the internal cache; and reducing redundancy in storage in comparison to
traditional controllers.

[0022] A flash memory system suitable for use in implementing aspects of the
invention is shown in FIGS. 1-6. A host system 100 of FIG. 1 stores data into
and retrieves data from a memory system 102. The memory system may be
flash memory embedded within the host, such as in the form of a solid state disk
(SSD) drive installed in a personal computer. Alternatively, the memory system
102 may be in the form of a card that is removably connected to the host through
mating parts 104 and 106 of a mechanical and electrical connector as illustrated
in FIG. 1. A flash memory configured for use as an internal or embedded SSD
drive may look similar to the schematic of FIG. 1, with the primary difference
being the location of the memory system 102 internal to the host. SSD drives
may be in the form of discrete modules that are drop-in replacements for rotating
magnetic disk drives.

[0023] The host system 100 of FIG. 1 may be viewed as having two major
parts, in so far as the memory system 102 is concerned, made up of a
combination of circuitry and software. They are an applications portion 108 and a
driver portion 110 that interface with the memory system 102. In a PC, for
example, the applications portion 108 can include a processor 112 running word
processing, graphics, control or other popular application software, as well as the

file system 114 for managing data on the host 100. In a camera, cellular
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telephone or other host system that is primarily dedicated to perform a single set
of functions, the applications portion 108 includes the software that operates the
camera to take and store pictures, the cellular telephone to make and receive
calls, and the like.

[0024] The memory system 102 of FIG. 1 may include non-volatile memory,
such as flash memory 116 and a system controller 118 that both interfaces with
the host 100 to which the memory system 102 is connected for passing data back
and forth and controls the flash memory 116. The system controller 118 may
convert between logical addresses of data used by the host 100 and physical
addresses of the flash memory 116 during data programming and reading. The
flash memory 116 may include any number of memory die 120 and two memory
die are shown in FIG. 1 simply by way of illustration.

[0025] Functionally, the system controller 118 may include a front end 122 that
interfaces with the host system, controller firmware 124 for coordinating operation
of the flash memory 116, flash management logic 126 for internal memory
management operations such as garbage collection, and one or more flash
interface modules (FIMs) 128 to provide a communication interface between the
controller with the flash memory 116.

[0026] The system controller 118 may be implemented on a single integrated
circuit chip, such as an application specific integrated circuit (ASIC) such as
shown in FIG. 2a. The processor 206 of the system controller 118 may be
configured as a multi-thread processor capable of communicating separately with
each of the respective memory banks 120 via a memory interface 204 having 1/0
ports for each of the respective banks 120 in the flash memory 116. The system
controller 118 may include an internal clock 218. The processor 206
communicates with an error correction code (ECC) module 214, an internal
cache 212, a host interface 216, and boot code ROM 210 via an internal data bus
202.

[0027] In some implementations, the internal cache 212 may be a DRAM

cache and the processor 206 may communicate with the internal cache 212 over
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the internal data bus 202 via a plurality of cache lines. In some implementations,
the internal cache 212 may be divided into a plurality of sectors, where at least
one cache line of the plurality of cache lines is associated with each sector.
Utilizing a cache line associated with a sector, the processor 206 may access
and read the data stored at that particular sector.

[0028] When the internal cache 212 supports multiple resolutions, the
processor 206 may access different portions of a sector (also known as
segments of the sector) by reading different portions of data stored along the
cache line associated with that sector. For example, the processor 206 may read
all the data stored in the sector by reading all the data along the cache line. In
some implementations this may be known as reading data at a course resolution.
Alternatively, the processor 206 may read only a portion of the data stored in the
same sector by only reading data along one or more portion of the same cache
line. In some implementations this may be known as reading data at a fine
resolution.

[0029] It will be appreciated that the processor 206 may utilize different
subsets of the plurality of cache lines to read data stored in one or more sectors
of the internal cache 212 at different resolutions. While the example above may
only describe a course resolution and a fine resolution, the internal cache 212
may be designed to support any number of resolutions.

[0030] Figure 2b is a diagram illustrating a portion of one implementation of an
internal cache 212 as described above. The internal cache 212 is divided into a
plurality of sectors 220, with one or more of the sectors 220 further divided into a
plurality of segments 222. A plurality of cache lines 224 access the plurality of
sectors 220 and the plurality of segments 222 within the plurality of sectors 220.
[0031] For example, a first cache line 226 of the plurality of cache lines 224
may access a first sector 225 of the plurality of sectors 220 and the plurality of
segments associated with the first sector 225. The processor 206 from Fig. 2a
may read all the data stored in the first sector 225 at a course resolution by

reading all the data along the first cache line 226. By the same principle, the
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processor may quickly read all the data stored in multiple sectors at a course
resolution by reading all the data along a subset of the plurality of cache lines 224
that are associated with the multiple sectors.

[0032] With respect to reading data at a finer resolution, the processor 206
from Fig. 2a may read only a portion of the data stored in the first sector 225 by
reading data along one or more portions of the first cache line 226 to access data
stored in specific segments. By the same principle, the processor may quickly
read all the data in multiple segments by reading data along one or more portions
of one or more of the plurality of cache lines 224.

[0033] Referring again to Fig. 1, each die 120 in the flash memory 116 may
contain an array of memory cells organized into multiple planes. FIG. 3 shows
such planes 310 and 312 for simplicity but a greater number of planes, such as
four or eight planes, may instead be used. Alternatively, the memory cell array of
a memory bank may not be divided into planes. When so divided, however, each
plane has its own column control circuits 314 and 316 that are operable
independently of each other. The circuits 314 and 316 receive addresses of their
respective memory cell array from the address portion 306 of the system bus
302, and decode them to address a specific one or more of respective bit lines
318 and 320. The word lines 322 are addressed through row control circuits 324
in response to addresses received on the address bus 306. Source voltage
control circuits 326 and 328 are also connected with the respective planes, as are
p-well voltage control circuits 330 and 332. If the bank 300 is in the form of a
memory chip with a single array of memory cells, and if two or more such chips
exist in the system, data are transferred into and out of the planes 310 and 312
through respective data input/output circuits 334 and 336 that are connected with
the data portion 304 of the system bus 302. The circuits 334 and 336 provide for
both programming data into the memory cells and for reading data from the
memory cells of their respective planes, through lines 338 and 340 connected to

the planes through respective column control circuits 314 and 316.
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[0034] Although the processor 206 in the system controller 118 controls the
operation of the memory chips in each bank 120 to program data, read data,
erase and attend to various housekeeping matters, each memory chip also
contains some controlling circuitry that executes commands from the controller
118 to perform such functions. Interface circuits 342 are connected to the control
and status portion 308 of the system bus 302. Commands from the controller
118 are provided to a state machine 344 that then provides specific control of
other circuits in order to execute these commands. Control lines 346-354
connect the state machine 344 with these other circuits as shown in FIG. 3.
Status information from the state machine 344 is communicated over lines 356 to
the interface 342 for transmission to the controller 118 over the bus portion 302.
[0035] A NAND architecture of the memory cell arrays 310 and 312 is
discussed below, although other architectures, such as NOR, can be used
instead. An example NAND array is illustrated by the circuit diagram of FIG. 4,
which is a portion of the memory cell array 310 of the memory bank 300 of

FIG. 3. A large number of global bit lines are provided, only four such lines 402-
408 being shown in FIG. 4a for simplicity of explanation. A number of series
connected memory cell strings 410-424 are connected between one of these bit
lines and a reference potential. Using the memory cell string 414 as
representative, a plurality of charge storage memory cells 426-432 are connected
in series with select transistors 434 and 436 at either end of the string. When the
select transistors of a string are rendered conductive, the string is connected
between its bit line and the reference potential. One memory cell within that
string is then programmed or read at a time.

[0036] Word lines 438-444 of FIG. 4a individually extend across the charge
storage element of one memory cell in each of a number of strings of memory
cells, and gates 446 and 450 control the states of the select transistors at each
end of the strings. The memory cell strings that share common word and control
gate lines 438-450 are made to form a block 452 of memory cells that are erased

together. This block of cells contains the minimum number of cells that are
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physically erasable at one time. One row of memory cells, those along one of the
word lines 438-444, are programmed at a time. Typically, the rows of a NAND
array are programmed in a prescribed order, in this case beginning with the row
along the word line 444 closest to the end of the strings connected to ground or
another common potential. The row of memory cells along the word line 442 is
programmed next, and so on, throughout the block 452. However, in other
implementations, the rows of a NAND array are not programmed in sequential
order.

[0037] A second block 454 is similar, its strings of memory cells being
connected to the same global bit lines as the strings in the first block 452 but
having a different set of word and control gate lines. The word and control gate
lines are driven to their proper operating voltages by the row control circuits 324.
If there is more than one plane in the system, such as planes 1 and 2 of FIG. 3,
one memory architecture uses common word lines extending between them.
There can alternatively be more than two planes that share common word lines.
In other memory architectures, the word lines of individual planes are separately
driven.

[0038] The memory cells may be operated to store two levels of charge so that
a single bit of data is stored in each cell. This is typically referred to as a binary
or single level cell (SLC) memory. Alternatively, the memory cells may be
operated to store more than two detectable levels of charge in each charge
storage element or region, thereby to store more than one bit of data in each.
This latter configuration is referred to as multi level cell (MLC) memory. Both
types of memory cells may be used in a memory. For example, binary flash
memory may be used for caching data and MLC memory may be used for longer
term storage. The charge storage elements of the memory cells are most
commonly conductive floating gates but may alternatively be non-conductive
dielectric charge trapping material.

[0039] In implementations of MLC memory operated to store two bits of data in

each memory cell, each memory cell is configured to store four levels of charge
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corresponding to values of “11,” “01,” “10,” and “00.” Each bit of the two bits of
data may represent a page bit of a lower page or a page bit of an upper page,
where the lower page and upper page span across a series of memory cells
sharing a common word line. Typically, the less significant bit of the two bits of
data represents a page bit of a lower page and the more significant bit of the two
bits of data represents a page bit of an upper page.

[0040] FIG. 4b illustrates one implementation of the four charge levels used to
represent two bits of data in a memory cell. A value of “11” corresponds to an
un-programmed state of the memory cell. When programming pulses are applied
to the memory cell to program a page bit of the lower page, the level of charge is
increased to represent a value of “10” corresponding to a programmed state of
the page bit of the lower page.

[0041] For a page bit of an upper page, when the page bit of the lower page is
programmed (a value of “10”), programming pulses are applied to the memory
cell for the page bit of the upper page to increase the level of charge to
correspond to a value of “00” or “10” depending on the desired value of the page
bit of the upper page. However, if the page bit of the lower page is not
programmed such that the memory cell is in an un-programmed state (a value of
“117), applying programming pulses to the memory cell to program the page bit of
the upper page increases the level of charge to represent a value of “01”
corresponding to a programmed state of the page bit of the upper page.

[0042] FIG. 5 conceptually illustrates a multiple plane arrangement showing
four planes 502-508 of memory cells. These planes 502-508 may be on a single
die, on two die (two of the planes on each die) or on four separate die. Of
course, other numbers of planes, such as 1, 2, 8, 16 or more may exist in each
die of a system. The planes are individually divided into blocks of memory cells
shown in FIG. 5 by rectangles, such as blocks 510, 512, 514 and 516, located in
respective planes 502-508. There can be dozens or hundreds of blocks in each

plane.

10
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[0043] As mentioned above, a block of memory cells is the unit of erase, the
smallest number of memory cells that are physically erasable together. For
increased parallelism, however, the blocks are operated in larger metablock
units. One block from each plane is logically linked together to form a metablock.
The four blocks 510-516 are shown to form one metablock 518. All of the cells
within a metablock are typically erased together. The blocks used to form a
metablock need not be restricted to the same relative locations within their
respective planes, as is shown in a second metablock 520 made up of blocks
522-528. Although it is usually preferable to extend the metablocks across all of
the planes, for high system performance, the memory system can be operated
with the ability to dynamically form metablocks of any or all of one, two or three
blocks in different planes. This allows the size of the metablock to be more
closely matched with the amount of data available for storage in one
programming operation.

[0044] The individual blocks are in turn divided for operational purposes into
pages of memory cells, as illustrated in FIG. 6. The memory cells of each of the
blocks 510-516, for example, are each divided into eight pages P0O-P7.
Alternatively, there may be 32, 64 or more pages of memory cells within each
block. The page is the unit of data programming and reading within a block,
containing the minimum amount of data that are programmed or read at one time.
In the NAND architecture of FIG. 3, a page is formed of memory cells along a
word line within a block. However, in order to increase the memory system
operational parallelism, such pages within two or more blocks may be logically
linked into metapages. A metapage 602 is illustrated in FIG. 6, being formed of
one physical page from each of the four blocks 510-516. The metapage 602, for
example, includes the page P2 in each of the four blocks but the pages of a
metapage need not necessarily have the same relative position within each of the
blocks.

[0045] The flash management layer in the controller firmware of the memory

card may choose to allocate memory in terms of allocation units called logical

11
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groups. Writes that are less than a logical group size will result in the controller
copying valid data stored at an original physical location to a new physical
location in addition to the controller writing incoming data. This overhead
decreases performance and endurance of the memory. In order to minimize this
overhead, a group of memory is used as update blocks. An update block is
usually a memory of better endurance than the data blocks. i.e, if the data blocks
have MLC memory, the update blocks have SLC memory. Writes that are less
than a logical group may result in the controller directing data into the update
blocks, and after consolidation, the controller may copy data at a later point in
time from the update block to one or more program data blocks. The controller
performs these actions based on the fact that the update blocks are more durable
and there is more possibility of collecting the entire logical group of data in the
update blocks before writing into the data blocks, thus reducing overhead in the
MLC memory. It is also more desirable to retain frequently written data blocks in
the update block for similar reasons.

[0046] As stated above, memory systems may include a controller that utilizes
a multi-resolution internal cache to allow a CPU of the controller to more
efficiently access differently types of data stored in the internal cache. Generally,
the controller is in communication with the internal cache via a plurality of cache
lines such that the controller is able to utilize differently subsets of the plurality of
cache lines to access data stored at the internal cache at different resolutions.
Those of skill in the art will appreciate that providing the CPU the ability to access
the internal cache at different resolutions provides the CPU the ability to access
data stored at the internal cache at differently levels of granularity.

[0047] In one implementation, for example, the internal cache may be
configured to support two resolutions. However, in other implementations, the
internal cache may be configured to support any number of resolutions.

[0048] Continuing with the example where the internal cache is configured to
support two resolutions, the internal cache may support a first resolution that is a

coarse resolution, such as four kilobytes (4KB), and the internal cache may

12
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support a second resolution that is a fine resolution, as 64 bytes. The CPU may
determine a need to access data stored in the internal cache at the coarse
resolution when accessing a large group of data at one time such as firmware or
data received from a host device prior to storage in the non-volatile memory, for
example. Alternatively, the CPU may determine a need to access data stored in
the internal cache at a finer resolution when accessing a small group of data such
as CPU variables, a subset of data normally accessed at the coarse resolution, or
when accessing a look-up table, for example.

[0049] As explained in more detail below, prior to accessing the internal cache
of the controller, the CPU of the controller determines what resolution to access
the internal cache at based on factors such as a type of data to be read from the
internal cache; an amount of data, such as a number of bytes, to be read from
the internal cache; an amount over overhead to the memory system in accessing
data stored in the internal cache; or any other factor that may indicate to the CPU
whether to access data stored in the internal cache at a coarse resolution or a
fine resolution. Based on the determined resolution, the CPU then determines a
subset of the plurality of cache lines to access data stored at the internal cache.
[0050] Continuing with the example above where the internal cache supports
two resolutions, prior to the CPU accessing the internal cache, the CPU
determines whether to access data stored at the internal cache at a coarse
resolution or at a fine resolution. In response to a determination to access the
internal cache at the coarse resolution, the CPU utilizes a first subset of the
plurality of cache lines to access data stored in the internal cache. Alternatively,
in response to a determination to access the internal cache at a fine resolution,
the CPU utilizes a second subset of the plurality of cache lines to access data
stored in the internal cache.

[0051] Figure 7 is a flow chart of one method for a controller of a memory
system to utilize a multi-resolution internal cache. The elements of the method
occur in a controller of a memory system comprising a CPU and an internal

cache in communication with the CPU via a plurality of cache lines.
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[0052] The method begins at step 702 with a CPU of a controller of the
memory system determining a need to access data stored in an internal cache of
the controller. The CPU may determine the need to access data based on, for
example, a command from a host coupled to the memory system, a command
initiating from within the memory system, a need to access firmware of the CPU
for execution, or any other command that may indicate to the CPU a need to
access data stored in the internal cache.

[0053] At step 704, the CPU determines a resolution at which to access the
data stored in the internal cache. In some implementations, the CPU may
determine a resolution at which to access data stored in the internal cache based
on a type of data to be read from the internal cache; an amount of data, such as
a number of bytes, to be read from the internal cache; an amount over overhead
to the memory system in accessing data stored in the internal cache; or any other
factor that may indicate to the CPU whether to access data stored in the internal
cache at a coarse resolution or a fine resolution.

[0054] At step 706, based on the determined resolution, the CPU determines a
subset of the plurality of cache lines to access data stored at the internal cache.
At step 708, the CPU accesses data stored at the internal cache utilizing the
determined subset of the plurality of cache lines, and at step 710, the CPU
executes one or more operations based on the accessed data.

[0055] Figures 1-7 illustrate memory systems, and methods for utilizing
memory systems, that comprise a controller that includes a multi-resolution
internal cache. As explained above, a memory system may include a non-volatile
memory and a controller in communication with the non-volatile memory. The
controller may include a CPU and a multi-resolution internal cache in
communication with the CPU via a plurality of cache lines. When the CPU
accesses data stored in the internal cache, the CPU determines a resolution at
which to access the data and utilizes a subset of the plurality of cache lines in

order to access the data stored at the internal cache at the desired resolution.
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[0056] By utilizing a controller in a memory system that includes a multi-
resolution cache rather than an internal cache and an external cache, the
controller is able to improve overall performance within the controller by utilizing
fast access to date regardless of whether the controller is reading a small amount
of data or a large amount of data from the internal cache; reducing latency when
reading a large amount of data from the internal cache; and reducing redundancy
in storage in comparison to traditional controllers.

[0057] Itis intended that the foregoing detailed description be regarded as
illustrative rather than limiting, and that it be understood that it is the following
claims, including all equivalents, that are intended to define the spirit and scope

of this invention.

15



WO 2015/084820 PCT/US2014/068114

CLAIMS

1. A memory system comprising:
non-volatile memory; and
a controller in communication with the non-volatile memory, the controller
comprising:
a central processing unit; and
an internal cache in communication with the central processing unit
via a plurality of cache lines;
wherein the central processing unit is configured to utilize a first
subset of the plurality of cache lines when accessing data that is stored in
the internal cache at a first resolution;
wherein the central processing unit is configured to utilize a second
subset of the plurality of cache lines when accessing data that is stored in
the internal cache at a second resolution; and
wherein the first resolution and the second resolution are different

resolutions.

2. The memory system of claim 1, wherein the first subset of the plurality of
cache lines provides access to data stored in the internal cache at the first

resolution of four kilobytes (4KB).

3. The memory system of claim 1, wherein the second subset of the plurality
of cache lines provides access to data stored in the internal cache at the second

resolution of 64 bytes.

4. The memory system of claim 1, wherein the second subset of the plurality
of cache lines provides access to data stored in the internal cache at a finer
resolution than the first subset of the plurality of cache lines provides access to

data stored in the internal cache.
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5. The memory system of claim 4, wherein the data that the central
processing unit accesses in the internal cache at the first resolution is associated
with host data.

6. The memory system of claim 4, wherein the data that the central
processing unit accesses in the internal cache at the first resolution is associated

with firmware for the central processing unit.

7. The memory system of claim 4, wherein the data that the central
processing unit accesses in the internal cache at the second resolution is

associated with central processing unit variables.

8. The memory system of claim 4, wherein the central processing unit is
configured to determine whether to access data stored in the internal cache
utilizing the first subset of the plurality of cache lines or the second subset of the
plurality of cache lines based on a number of bytes of data that the central

processing unit is accessing in the internal cache.

9. The memory system of claim 4, wherein the central processing unit is
configured to determine whether to access data stored in the internal cache
utilizing the first subset of the plurality of cache lines or the second subset of the
plurality of cache lines based on an amount of overhead for the memory system

in accessing a type of data.

10.  The memory system of claim 1, wherein the controller is embedded in a

host device.
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11.  The memory system of claim 10, wherein the non-volatile memory is
positioned in a removable storage device configured to removably connect with a

host

12.  The memory system of claim 1, wherein the memory system is embedded

in a host device.

13.  The memory system of claim 1, wherein the memory system is positioned

in a removable storage device configured to removably connect with a host.

14. A method comprising:
performing the following in a controller of a memory system, the controller
comprising a central processing unit and an internal cache that is in
communication with the central processing unit via a plurality of cache lines:
determining, with the central processing unit, whether to access data
stored in the internal cache using a first subset of the plurality of cache
lines or a second subset of the plurality of cache lines based on a
determined need to access data stored in the internal cache at a first
resolution or a second resolution that is different from the first resolution;
accessing, with the central processing unit, data stored in the
internal cache utilizing the first subset of the plurality of cache lines in
response to a determination to access data stored in the internal cache at
the first resolution; and
accessing, with the central processing unit, data stored in the
internal cache utilizing the second subset of the plurality of cache lines in
response to a determination to access data stored in the internal cache at

the second resolution.

15.  The method of claim 14, wherein the first subset of the plurality of cache

lines provides access to data stored in the internal cache at the first resolution of

18
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four kilobytes (4KB) and the second subset of the plurality of cache lines provides

access to data stored in the internal cache at the second resolution of 64 bytes.

16. The method of claim 14, wherein the second subset of the plurality of
cache lines provides access to data stored in the internal cache at a finer
resolution that than the first subset of the plurality of cache lines provides access

to data stored in the internal cache.

17.  The method of claim 14, wherein the controller of the memory system is

embedded in a host device.

18. The method of claim 14, wherein the memory system is positioned in a

removable storage device configured to removably connect with a host.

19. The method of claim 14, wherein the data stored in the internal cache that
the central processing unit accesses utilizing the first subset of the plurality of

cache lines is associated with firmware for the central processing unit.
20. The method of claim 14, wherein the data stored in the internal cache that

the central processing unit accesses utilizing the second subset of the plurality of

cache lines is associated with central processing unit variables.
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