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DYNAMIC MEMORY CACHE SIZE ADJUSTMENT IN A MEMORY DEVICE

TECHNICAL FIELD
[0001] The present embodiments relate generally to memory and a particular embodiment

relates to dynamic SLC cache in an MLC memory.

BACKGROUND
[0002] Flash memory devices have developed into a popular source of non-volatile
memory for a wide range of electronic applications. Flash memory devices typically use a
one-transistor memory cell that allows for high memory densities, high reliability, and low
power consumption. Common uses for flash memory include personal computers, flash
drives, digital cameras, and cellular telephones. Program code and system data such as a
basic input/output system (BIOS) are typically stored in flash memory devices for use in

personal computer systems.

[0003] A typical flash memory device is a type of memory in which the array of memory
cells is typically organized into memory blocks that can be erased on a block-by-block basis
(and reprogrammed on a page-by-page basis). Changes in a threshold voltage of each of the
memory cells, through erasing or programming of a charge storage structure (e.g., floating
gate or charge trap) or other physical phenomena (e.g., phase change or polarization),
determine the data value programmed into each cell. The data in a cell of this type is

determined by the presence or absence of the charge in the charge storage structure.

[0004] A programming operation typically comprises a series of incrementally increasing
programming pulses that are applied to a control gate of a memory cell being programmed in
order to increase that particular memory cell’s threshold voltage. Each memory cell can be
programmed as single level cell (SLC) memory or multiple level cell (MLC) memory where
the cell’s threshold voltage (V) is indicative of the data value programmed into that cell. For
example, in an SLC memory, a V; of 2.5V might indicate a programmed cell while a V, of —
0.5V might indicate an erased cell. An MLC memory uses multiple V, ranges that each
indicates a different state. Multilevel cells can take advantage of the analog nature of a
traditional flash cell by assigning a bit pattern to a specific V, range. This technology permits
the storage of data values representing two or more bits per cell, depending on the quantity of

V. ranges assigned to the cell.
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[0005] During programming of a block of memory cells, a fixed cache of memory cells is
typically used to temporarily store data that is to be programmed into the block of memory
cells. For example, in an MLC memory device, a fixed size SLC cache can be used to store
data for programming into an MLC block of memory cells. This can improve memory
reliability. The memory performance is also improved prior to the cache becoming near full,
at that point part of the cache must be moved to MLC blocks to create more room in the
cache, and the performance advantage of the cache will be diminished. The performance
improvement is function of the size of the cache but has the drawback of reducing user
capacity since a fixed portion of the memory is used as a SLC cache and cannot be used to

store user data with the same efficiency as MLC.

[0006] For the reasons stated above and for other reasons that will become apparent to
those skilled in the art upon reading and understanding the present specification, there is a

need in the art for a more efficient way to temporarily store data during programming.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figure 1 shows a block diagram of one embodiment of a memory array in a memory

device that incorporates a memory cache.

[0008] Figure 2 shows a schematic diagram of one embodiment of a portion of a memory

array in accordance with the block diagram of Figure 1.

[0009] Figure 3 shows flow chart of one embodiment of a method for dynamic cache size

adjustment.

[0010] Figure 4 shows a plot of one embodiment of one function for determining when to

adjust the cache size.

[0011] Figure 5 shows a plot of another embodiment of a function for determining when to

adjust the cache size.

[0012] Figure 6 shows a block diagram of one embodiment of a memory system.

DETAILED DESCRIPTION
[0013] In the following detailed description, reference is made to the accompanying

drawings that form a part hereof and in which is shown, by way of illustration, specific
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embodiments. In the drawings, like numerals describe substantially similar components
throughout the several views. Other embodiments may be utilized and structural, logical, and
electrical changes may be made without departing from the scope of the present disclosure.

The following detailed description is, therefore, not to be taken in a limiting sense.

[0014] Figure 1 illustrates a block diagram of one embodiment of memory array 104 of a
memory device that incorporated dynamic memory cache 102. The memory is 104 is
partitioned and includes a first partition; herein after referred to as main MLC memory
wherein cells in that partition are programmed in MLC mode and a second partition 102
herein after referred to as dynamic SLC memory cache wherein cell in that partition are
programmed in SLC mode. In one embodiment the blocks allocated to main memory in the
memory array 100 are used as MLC and the blocks allocated to dynamic memory cache 102
are used as SLC. In a dynamic memory cache the allocation of blocks changes dynamically
and is not fixed, a block may remain MLC or SLC or switch between being used as MLC or
SLC. Without loss of generality, the blocks used for the cache 102 are referred to as SLC
cache blocks and the blocks used for storing user data are referred to as MLL.C main memory

blocks.

[0015] Typical prior art memory caches are fixed in size and are always enabled so that a
portion of the memory array is always dedicated to a temporary data cache, reducing the
amount of memory available for storing user data. The dynamic data cache 102 of Figure 1 is
adjusted in size dynamically, depending on the free space available, and may not always be
enabled. Thus, the dynamic memory cache 102 can be adjusted such that it does not take up
more memory than is necessary to accomplish the cache function wherein the cache size is
dynamically adjusted. Another feature of present invention is that partition of memory to
MLC and SLC can be at array or block level. Yet another feature of present invention is that
the arrays or blocks in a partition are not required to be continuous. In some systems the data
is always first written to cache. In other systems only some type of data is written to cache,
for example data less than a page size. In systems with fixed or dynamic memory cache some
events will trigger moving the valid data from the cache to the main memory blocks (in some
systems both valid and invalid data in the cache may be moved). Such events include the
number of free blocks in cache falling below a threshold. When a block in cache is moved to

main memory the block is erased and it is reclaimed. Similarly, blocks in main memory
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containing old and new data can be reclaimed by moving the new data to another block in

main memory and then erasing the old block.

[0016] The dynamic SLC memory cache 102 uses a variable number of blocks of memory
of the memory array 104 to temporarily store data that is to be programmed into the main
memory array 100. For example, the dynamic SLC memory cache 102 can store all pages
(lower and upper) of data until the upper page of data is successfully programmed in the main
MLC memory 100. This can reduce corruption of a previously programmed lower page of the
main MLC memory array 100 if a power failure occurs during upper page programming. In
one embodiment, data is stored in the dynamic memory cache 102 blocks in SLC and when
all pages required for programming a page in an MLC block are available (in dynamic
memory cache 102) then the data is moved to a block in main memory array 100, so that the
cache 102 can store all pages of data required until one page of the MLC main memory array
100 is programmed. For example, the SLC dynamic memory cache 102 can store a lower
page of data until an upper page of the MLC main memory array 100 is successfully
programmed. This can reduce corruption of a previously programmed lower page of the MLC

main memory array 100 if a power failure occurs during upper page programming.

[0017] Figure 2 illustrates a schematic diagram of one embodiment of a portion of the
NAND architecture memory array 201, as illustrated in Figure 1, comprising series strings of
non-volatile memory cells. The present embodiments of the memory array are not limited to
the illustrated NAND architecture. Alternate embodiments can use NOR or other

architectures as well.

[0018] The memory array 201 comprises an array of non-volatile memory cells (e.g.,
floating gate) arranged in columns such as series strings 204, 205. Each of the cells is coupled
drain to source in each series string 204, 205. An access line (e.g. word line) WLO — WL31
that spans across multiple series strings 204, 205 is coupled to the control gates of each
memory cell in a row in order to bias the control gates of the memory cells in the row. Data
lines, such as even/odd bit lines BL_E, BL_O, are coupled to the series strings and eventually
coupled to sense circuitry that detect the state of each cell by sensing current or voltage on a

selected bit line.

[0019] Each series string 204, 205 of memory cells is coupled to a source line 206 by a
source select gate 216, 217 (e.g., transistor) and to an individual bit line BL_E, BL O by a
drain select gate 212, 213 (e.g., transistor). The source select gates 216, 217 are controlled by
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a source select gate control line SG(S) 218 coupled to their control gates. The drain select

gates 212, 213 are controlled by a drain select gate control line SG(D) 214.

[0020] Figure 3 illustrates a flow chart of one embodiment of a method for dynamically
adjusting the size of the dynamic memory cache illustrated in Figure 1. Since some file
systems might not be recognized, the method determines if the file system implemented (e.g.,
installed, executed) on the memory device is one that is supported 300. As is well known in
the art, a file system (e.g., File Allocation Table (FAT), New Technology File System
(NTFS)) is a method for storing and organizing computer files and their data. It organizes
these files into a database for the storage, organization, manipulation, and retrieval by a

computer’s operating system.

[0021] If the file system does not support dynamic cache size adjustment 300, the dynamic
memory cache adjustment is disabled 310. Dynamic memory cache size adjustment might
still be implemented if the memory device supports any command protocol that allows
deletion of ranges of logical block addresses in order to implement the dynamic changing of
the memory cache size. One such protocol known in the art is typically generically referred to
as a TRIM protocol. It is thus determined if a TRIM command has been received 302. This
step 302 is repeated until the TRIM command is received. Once the TRIM command is

received 302, the dynamic memory cache is enabled 304.

[0022] Since the size of the dynamic memory cache is adjusted in response to the available
memory space in the main memory array, the available memory space in the main memory
array is determined 306. The amount of available memory space can change constantly. In
one embodiment, the amount of available memory space in the main memory array can be
determined after every write or erase operation. In other embodiments, the amount of
available memory space can be determined periodically or at random times. Available
memory space can include both erased memory that is not targeted for immediate use as well
as memory that has not yet been erased but the data stored in the memory is old and no longer
valid. In yet another embodiment, the amount of available memory is adjusted in response to
a received TRIM command (if TRIM is supported) or, in case of known file systems, when

clusters are deallocated or written.

[0023] In yet another embodiment, the amount of available memory is adjusted in response
to the TRIM command (if TRIM is supported) or, in case of known file systems, when

clusters are deallocated or written. In systems with fixed or dynamic memory cache, some
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events will trigger moving the valid data (or, optionally, valid and invalid data) from the
dynamic SLC cache memory to the main MLC memory blocks. Such events include the
number of free blocks in cache falling below a threshold. When a block in dynamic SLC
cache is moved to main MLC memory the block is erased and it is reclaimed and added to the
pool of free blocks. Similarly, blocks in main MLC memory containing old and new data can
be reclaimed by moving only the valid data to another block in main MLC memory and then

erasing the old block.

[0024] The size of the dynamic memory cache is then adjusted in response to the available
memory space 308. The size of the dynamic memory cache can be a percentage of the
available memory space, all of the available memory space, or a certain number of blocks of
the available memory space. In one embodiment, the percentage of the available memory
space used can also be dynamically changed. For example, only 50% of the available
memory space might be allocated to the dynamic memory cache at one time and, at a later
time, 90% of the available memory space might be allocated to the dynamic memory cache.
Such dynamic allocation of the percentage of available memory space can be performed as

often as desired.

[0025] Figure 4 illustrates a plot of one embodiment of a function that can be used to
determine the amount of available memory space to allocate to the dynamic memory cache.
This function is a linear ramped function in which a fixed percentage (e.g., 50%) of the

available memory space is allocated to the dynamic memory cache.

[0026] This plot includes the available memory space along the x-axis and the size of the
dynamic memory cache along the y-axis. The memory size values on both the x and y-axes,
in this and the following embodiments, are for purposes of illustration only as the present
embodiments are not limited to any certain values. The slope of the line determines the
percentage of available memory space that is allocated to the dynamic memory cache. The

illustrated example shows a 50% embodiment.

[0027] Figure 5 illustrates a plot of another embodiment of a function that can be used to
determine the amount of available memory space to allocate to the dynamic memory cache.
This function is a staircase function that can be used to reduce the frequency of dynamic

memory cache size adjustment.
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[0028] Changing dynamic memory cache sizes uses a particular amount of time to perform
various clean-up tasks. For example, when a memory block that has been used as part of the
dynamic memory cache is to be returned to the main memory array, the data in that memory
block needs to be moved and the memory block erased. In one embodiment, the SLC
memory block of the dynamic memory cache is reallocated as an MLC memory block.
Additionally, memory address pointers and other memory housekeeping tasks should also be
performed to reallocate a dynamic memory cache block. Thus, it is typically desirable to

reduce the frequency of dynamic memory cache size changes.

[0029] The staircase function is one way of reducing the frequency of dynamic memory
cache size changes. This can be seen in reference to the plot of Figure 5. Unlike the

embodiment of Figure 4 where the size change is performed in response to the slope of the
line, the change of cache size does not occur in the stair step function until the present step

reaches another particular threshold of available memory space.

[0030] For example, the initial dynamic memory cache size of 1 MB does not change until
the available memory space reaches the 2 MB threshold. Then the dynamic memory cache
size is increased to 2 MB. The illustrated available memory space and dynamic memory
cache sizes are for purposes of illustration only as different amounts of available memory
space can trigger reallocating different amounts of memory to the dynamic memory cache.
Similarly, alternate embodiments of the step function illustrated in Figure 5 can remain at the
same dynamic memory cache size longer and/or allocated greater amounts of memory to the

dynamic memory cache each time a threshold is reached.

[0031] In yet another embodiment of a function for determining the amount of available
memory space to allocate to the dynamic memory cache, the cache size can be a function of if
the amount of unused available memory is increasing or decreasing over a particular time
period. For example, instead of a fixed percentage as illustrated in Figure 4, if the available
memory space size is increasing over a particular time period, the function might allocate a
greater percentage of memory to the dynamic memory cache size than if the available
memory space size was decreasing over the particular time period. In another embodiment, if
the available memory space size is decreasing over a particular time period, the function

might allocate a smaller percentage of memory to the dynamic memory cache size.

[0032] In yet another embodiment, to minimize overhead and dynamically allocating most

of free space to cache a common pool of free (erased) blocks is used for both dynamic SLC
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cache and main MLC memory. As free blocks are required (that is the number of free block
fall below a first “start” threshold) dynamic SLC cache blocks are reclaimed and added to
free pool until the number of free blocks is equal or more than a second “stop” threshold. The
start and stop threshold may be adjusted dynamically. For example during foreground that is
execution of command from host where we want to minimize reclaiming dynamic SLC cache
blocks the stop threshold will not be high, but in background where there is no host

commands the stop threshold will be set higher.

[0033] In one embodiment, the memory blocks that are allocated as dynamic memory
cache blocks are contiguous memory blocks. In another embodiment, the dynamic memory
cache blocks are not contiguous. In such an embodiment, a bit map can be used to indicate
and track which memory blocks are used as dynamic memory cache blocks. In another
embodiment, the bit indicating SLC or MLC may be combined with other information in the
table for Logical to Physical mapping. In another embodiment, a list can be maintained for
both SLC and MLC blocks. Such a list is typically a linked list for ease of implementation. In
another embodiment the bit indicating SLC or MLC may be combined with other information
in the table for Logical to Physical mapping. In another embodiment, a list is additionally
maintained for both SLC and MLC blocks. Such a list is typically a linked list for ease of

implementation.

[0034] Figure 6 illustrates a functional block diagram of a memory device 600. The
memory device 600 is coupled to an external controller 610. The controller 610 may be a
microprocessor or some other type of controller. The memory device 600 and the controller
610 form part of a memory system 620. The controller 610 can be coupled to a host and the

controller 610 can be responsive to commands from the host.

[0035] The memory device 600 includes an array 630 of memory cells (e.g., non-volatile
memory cells). The memory array 630 is arranged in banks of word line rows and bit line
columns. In one embodiment, the columns of the memory array 630 comprise series strings

of memory cells.

[0036] Address buffer circuitry 640 is provided to latch address signals provided through
/O circuitry 660. Address signals are received and decoded by a row decoder 644 and a

column decoder 646 to access the memory array 630.
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[0037] The memory device 600 reads data in the memory array 630 by sensing voltage or
current changes in the memory array columns using sense amplifier circuitry 650. The sense
amplifier circuitry 650, in one embodiment, is coupled to read and latch a row of data from
the memory array 630. Data input and output buffer circuitry 660 is included for bidirectional
data communication as well as the address communication over a plurality of data
connections 662 with the controller 610. Write circuitry 655 is provided to write data to the

memory array.

[0038] Memory control circuitry 670 decodes signals provided on control connections 672
from the controller 610. These signals are used to control the operations on the memory array
630, including data read, data write (program), and erase operations. The memory control
circuitry 670 may be a state machine, a sequencer, or some other type of controller to
generate the memory control signals. In one embodiment, the memory control circuitry 670
and/or the external controller 610 are configured to control execution of the dynamic memory

cache size adjustment.

[0039] The memory device illustrated in Figure 6 has been simplified to facilitate a basic
understanding of the features of the memory. A more detailed understanding of internal

circuitry and functions of flash memories are known to those skilled in the art.
Conclusion

[0040] In summary, one or more embodiments of the method for dynamic memory cache
size adjustment can provide increased capacity, performance (read or write) and/or reliability
for user data in a memory device by dynamically adjusting the amount of memory allocated

to a memory cache (e.g., used as SLC).

[0041] Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art. Accordingly,

this application is intended to cover any adaptations or variations of the invention.
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What is claimed is:

1. A method for dynamic memory cache size adjustment, the method comprising:
determining available memory space in a memory array; and
adjusting a size of a memory cache in the memory array responsive to the available

memory space.

2. The method of claim 1 and further including:
determining if a file system of a memory device that includes the memory array is
supported; and
enabling dynamic memory cache size adjustment if the particular file system is

supported.

3. The method of claim 1 wherein the available memory space is one of erased memory

that is not targeted for use or unerased memory that stores data that is not valid.

4. The method of claim 1 wherein the size of the memory cache is a percentage of the

available memory space.
5. The method of claim 4 and further including dynamically adjusting the percentage.

6. The method of claim 4 wherein the percentage of the available memory space is a

variable percentage of the available memory space.

7. The method of claim 1 wherein adjusting a size comprises allocating a first number of
blocks of the memory array for use as the memory cache and allocating a second

number of blocks of the memory array for use as main memory.

8. The method of claim 7 wherein allocating a first number of blocks includes allocating
a block previously allocated for use as part of the main memory for use as part of the

memory cache.
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The method of claim 7 wherein memory cells in a block allocated for use as part of
the main memory are programmed as MLC cells, and wherein memory cells in a

block allocated for use as part of the memory cache are programmed as SLC cells.

The method of claim 7 wherein allocating a block previously allocated for use as part
of the main memory for use as part of the memory cache comprises switching
between programming memory cells of the block as MLC cells to programming the
memory cells of the block as SLC cells.

The method of claim 2 wherein determining if a file system of the memory device is

supported comprises determining if the file system of the memory device supports

dynamic cache size adjustment and enabling dynamic memory cache size adjustment.

The method of claim 2 wherein determining if a file system of the memory device is
supported comprises determining if a command is received that supports a protocol

that allows deletion of a range of logical block addresses.

The method of claim 2 wherein dynamic memory cache size adjustment is disabled if
either the particular file system does not support dynamic memory cache size
adjustment or a command is not received that supports deletion of a range of logical

block addresses of the memory device.

A memory device comprising:

an array of memory cells comprising a memory cache; and

memory control circuitry coupled to the array of memory cells and configured to
determine available memory in the array of memory cells and adjust a size of

the memory cache responsive to the available memory.

The memory device of claim 14 wherein adjusting the size of the memory cache
comprises adjusting a number of blocks of the array whose memory cells are

programmed as SLC cells.
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The memory device of claim 14 wherein the memory control circuitry is further
configured to enable or disable dynamic memory cache size adjustments responsive to

a file system used.

The memory device of claim 14 wherein the memory control circuitry is configured to
increase the size of the memory cache responsive to available memory reaching one

of a plurality of available memory thresholds.

The memory system of claim 17 wherein the plurality of available memory thresholds

forms a step function of available memory.

The memory device of claim 14 wherein the memory control circuitry is configured to
adjust the size of the memory cache dynamically as a function of whether the

available memory is increasing or decreasing over a particular time period.
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