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READ CACHE MEMORY

Technical Field
[0001] The present disclosure relates generally to semiconductor

memory apparatus and methods, and more particularly, to read cache memory.

Background
[0002] Memory devices are typically provided as internal,

semiconductor, integrated circuits in computers or other electronic devices.
There are many different types of memory including volatile and non-volatile
memory. Volatile memory can require power to maintain its data (e.g.,
information) 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, resistance variable memory, such as phase change random
access memory (PCRAM) and resistive random access memory (RRAM), and
magnetic random access memory (MRAM), such as spin torque transfer random
access memory (STTRAM), among others.

[0003] Memory devices can be combined to form a solid state drive
(SSD). A solid state drive can include non-volatile memory such as NAND
flash memory and/or NOR flash memory, and/or can include volatile memory
such as DRAM, among various other types of non-volatile and volatile memory.

In some instances, caching can be utilized in SSDs.

Brief Description of the Drawings

[0004] Figure 1 is a block diagram of a system including read cache
memory in accordance with a number of embodiments of the present disclosure.
[0005] Figure 2 illustrates an example diagram of data flow within a read
cache memory in accordance with a number of embodiments of the present

disclosure.
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[0006] Figure 3 illustrates an example device for read cache memory in

accordance with a number of embodiments of the present disclosure.

Detailed Description

[0007] The present disclosure includes methods and apparatuses for read
cache memory. One apparatus includes a read cache memory apparatus
comprising a first DRAM array, a first and a second NAND array, and a
controller configured to manage movement of data between the DRAM array
and the first NAND array, and between the first NAND array and the second
NAND array.

[0008] Embodiments of the present disclosure can include schemes to
cache DRAM data into NAND and provide a tier or layer of memory devices
sitting between a host and a storage memory device (e.g., NAND, SSD, etc.) for
read cache. In some embodiments, this can give an impression of more available
memory. Alternatively or additionally, embodiments of the present disclosure
can provide for this tier of memory to include a higher density than typical
DRAM devices, while maintaining a smaller footprint than typical DRAM
devices. Embodiments of the present disclosure can also provide for lower
energy use by read cache as compared to other approaches, for example.

[0009] Embodiments of the present disclosure can provide for a lower
cost structure than double data rate (DDR) DRAM or hybrid memory cube
(HMC) at a same capacity. In addition, embodiments of the present disclosure
can provide shorter read latency than a typical SSD or NAND device that are
accessed through input/output (1/0) space, such as on a PCI Express (PCle) or
serial attached small computer system interface (SAS). Similarly, embodiments
of the present disclosure can provide for shorter write latency than typical
NAND flash, both on a direct main memory space or an I/O space. Improved
endurance (e.g., cycles) due to the use of NAND flash internally to satisfy cloud
storage caching needs when compared to a non-managed “raw” NAND flash
solutions can be provided for in embodiments of the present disclosure, as well.
[0010] 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
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digits. As will be appreciated, elements shown in the various embodiments
herein can be added, exchanged, and/or eliminated so as to provide a number of
additional embodiments of the present disclosure. In addition, as will be
appreciated, the proportion and the relative scale of the elements provided in the
figures are intended to illustrate certain embodiments of the present invention,
and should not be taken in a limiting sense. Further, as used herein, “a number
of” something can refer to one or more of such things.

[0011] Figure 1 is a block diagram of a system 100 including read cache
memory (RCM) in accordance with a number of embodiments of the present
disclosure. In embodiments of the present disclosure, data can be cached for
read applications (e.g., cloud storage applications). For instance, this can be
performed without executing code. An example can include the storage of
media content (e.g., movies, video games, etc.) to be distributed (e.g., streamed
out). Searching and retrieving this storage may be time consuming on typical
caching devices, but embodiments of the present disclosure can reduce this time
(e.g., using the tier of memory devices) by putting it closer to a processor and
reducing the amount of time needed to retrieve from memory (e.g., NAND). In
some examples of the present disclosure, system 100 can include a cloud storage
application with an RCM device.

[0001] System 100 includes an apparatus in the form of a memory device
102 (e.g., an RCM device). Device 102 can include a controller 108 (e.g.,
ASIC), array 104 (e.g., a DRAM array), and arrays 106-1 and 106-2 (e.g.,
NAND arrays). As used herein, an RCM device 102, arrays 104, 106-1, and
106-2, controller 108, and/or circuitry within arrays 106-1 and 106-2 might also
be separately considered an “apparatus.”

[0012] In some embodiments, arrays 106-1 and 106-2 can include high
speed NAND arrays. Arrays 106-1 and 106-2 can include control circuitry, in
some examples. Controller 108 can include direct memory access (DMA) in
some examples to fast-move contents between arrays 104, 106-1, and 106-2
within RCM device 102. In a number of embodiments, direct die-to-die bonding
may be used to link together controller 108, array 104, and arrays 106-1 and
106-2, as will be discussed further herein.

[0013] Device 102 can be in communication with a host device 118 via

interface 110 (e.g., a HMC-like interface, programmed input/output (P10O)
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interface, external bus interface (EIB), or a dedicated FPGA interface, among
others). As a result, system 100 can include a similar capacity/footprint of HMC
or multi-die DRAM packages (e.g., dual-die packaging (DDP), quad die
packaging (QDP), etc.). This can result, for instance, in reduced cost and power
while maintaining a same or similar capacity/footprint. Such an example may
also increase storage access over other approaches (e.g., I/O storage access).
Host device 118 can include, for instance, a field programmable gate array
(FPGA) that can be in communication with an integrated circuit (IC) (e.g.,
southbridge/SSD host IC), which can also be in communication with SSD/hard
disk drive. IC can be in communication with a general purpose input/output
interface (e.g., [/O/local I/O) via a local area network (LAN), for instance, and
can also be in communication with a central processing unit (CPU) and/or a
DRAM controller via the LAN or other communication type. In a number of
examples, controller can report actions of RCM 102 to host device 118 via
interface 110. In a number of embodiments, though not illustrated in Figure 1,
host 118 can communicate directly with controller 108 via interface 110, rather
than with memory device 102.

[0014] System 100 can include components used to cache data (e.g.,
DRAM data) into array 106 (e.g., NAND device). For instance, only the data
meeting particular thresholds (e.g., criteria) is transferred to arrays 106-1 and
106-2 to avoid frequent erase cycles (e.g., NAND erase cycles). Read cache in
arrays 106-1 and 106-2 can be improved in such an example by utilizing
proprietary internal features (e.g., suspends, trims, etc.), for instance. System
100 can result in increased speed of memory access and DMA to move between
arrays 104, 106-1, and 106-2 internally, for example, by using wire bond
technology to reduce back end packaging costs.

[0015] For example, in a number of embodiments and as will be
discussed further herein, page promotion and device “ping-pong” schemes can
be used to move data from (e.g., within RCM device 102) array 104 (e.g.,
DRAM cache) of the RCM device to array 106-1 (e.g., NAND cache) of the
RCM device and between arrays 106-1 and 106-2 to reduce NAND erase cycles
and increase the RCM device 102 life expectancy. Additionally, as will be
discussed further herein, a dynamic bad-page marking scheme can be used to

mark bad NAND pages (e.g., not entire blocks) on-the-fly when internal NAND
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arrays 106-1 and 106-2 begin to wear out. In response, RCM device 102 can be
replaced, while avoiding abrupt failure of RCM device 102. Rather, RCM
device 102 may gradually lose its NAND capacity, as an endurance limit of a
NAND array is approached. For instance, when latency of system 100 is
increased due to cache size reduction (e.g., at a preset threshold), RCM may be
replaced.

[0016] Figure 2 illustrates an example diagram 230 of data flow within a
read cache memory (e.g., RCM device 102 as illustrated in Figure 1) in
accordance with a number of embodiments of the present disclosure. Diagram
230 includes DRAM device 234, NAND device 232-1, and NAND device 232-
2. While the example illustrated in Figure 2 includes NAND and DRAM,
different types and numbers of memory devices may be used. The example data
flow can overcome NAND deficiencies (e.g., when used as read cache), such as,
for example, limited erase cycles (e.g., cannot be erased at byte or page level);
page programming challenges (e.g., a page can only be programmed once after
erase); potentially lower memory utilization; no read/write concurrency in same
logical unit number (LUN)/plane; potentially long latency for data replacement;
sequential byte level read, page level write, and block level erase; and
asymmetrical read/write timing and power, among others.

[0017] In a number of embodiments, the entire DRAM device 234 (e.g.,
stack of two 8 Gb DRAM dice to reach a total of 2 GB) memory space can be
divided up to match the number of page size partitions (e.g., 16 KB page size
when using 128 Gb NAND for total of 16 GB of RCM capacity or 256 Gb
NAND for total of 32 GB of NAND RCM capacity) in the accompanying
NAND space. In each RCM device (e.g., within diagram 230), two identical
dice of NAND devices (e.g., devices 232-1 and 232-2) can be used to support a
ping-pong scheme, as will be discussed further herein.

[0018] At 238, cached data can be written into DRAM device 234. For
instance, data can be requested (e.g., by a user), and this data can be written into
DRAM device 234. In such an example, a controller can monitor data coming
into DRAM device 234 and rank the data based on a number of characteristics
(e.g., factors), including, for instance, how often the data is accessed, how stable
the data is, how large the data is, and how often the data is requested, among

others.
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[0019] At 240, data within DRAM device 234 can be moved (e.g.,
promoted) to “qualified zone” 236 when a particular threshold is met. In a
number of examples, moving data can include classifying the data. For example,
the data may not be physically moved to zone 236, but rather classified into a
class (e.g., class/zone 236). For instance, if data within DRAM device 234 is
accessed and/or requested a threshold number of times it can be moved (e.g.,
classified) to zone 236. In some examples, data within DRAM device 234 can
be moved (e.g., classified) to zone 236 if the data meets a stability threshold
(e.g., stable enough to later be promoted to NAND). For instance, the data is
organized logically (e.g., by a controller).

[0020] In some embodiments, data can be packed into zone 236; for
instance, the data can be packed into 16 KB packets to match NAND page sizes.
Such packets can provide for increased NAND efficiency. Data within zone 236
can be promoted at 244 to NAND device 232-1 when device 234 reaches a
threshold capacity (e.g., DRAM device 234 or zone 236 is near full). Doing so
can make room for DRAM device 234 to receive more data and/or promote
more data from within DRAM device 234 to zone 236. Data moved from
DRAM device 234 to NAND device 232-1 can be organized to maximize the
amount of data that can be moved to NAND device 232-1 (e.g., organized into
entire pages favored by NAND).

[0021] Data not meeting the threshold requirements can be evicted at 242
to free up space on DRAM device 234. Evicting can include, for instance,
dropping or overwriting data that does not meet a threshold to be promoted to
zone 236 or NAND device 232-1.

[0022] In a number of embodiments, when DRAM cache (e.g., at DRAM
device 234) space approaches full (e.g., only a preset number of or fewer page
partitions left), the most frequently visited page partitions among qualified page
partitions which have passed a preset threshold value of frequency percentage or
frequency over a specific amount of time (e.g., top 30 percent of the most
frequently visited data in the DRAM device 234 or visited at least 500 times
within a given time period) get promoted (e.g., moved) to a primary device (e.g.,
primary NAND device 232-1) and leave the space of those data page partitions
empty (e.g., dirty) and thus available to be used when new read cache data needs

to be stored on DRAM device 234 of the RCM.
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[0023] When new data needs to be cached, the least frequently visited
data page partitions can be evicted from DRAM device 234 (e.g., at 242). When
more qualified data fills up DRAM device 234, that data can be moved to
NAND device 232-1, which may eventually fill up. As a result, in some
embodiments, only the most frequently read/visited data and/or the most stable
(e.g., most stationary) data will be in NAND device 232-1. The less frequently
read/visited cached data will remain on DRAM device 234, with the least visited
data being replaced with new cached data frequently. This may reduce a need to
replace (e.g., erase) data on NAND device 232-1 of the RCM device.

[0024] Bad pages can be marked within NAND device 232-1
dynamically. As used herein, dynamically can include variable and/or
constantly changing in response to a particular influence (e.g., the controller
determines the page is bad). In such instances, a controller (not pictured in
Figure 2) manages what remains in NAND device 232-1. This bad page
marking can reduce false marking and allow for repair of bad pages within an
RCM device and NAND and DRAM devices therein. In such examples, rather
than marking entire blocks of bad data, bad pages are marked, which can
increase efficiency of NAND device 232-1. In some examples, the controller
may perform marking and repairing of the bad pages.

[0025] For instance, when a device (e.g., NAND devices 232-1, 232-2)
starts to wear out after a threshold number of erase cycles (e.g., endurance spec),
data on some pages cannot be read-verified after written to the devices, thus
becoming bad pages. Instead of marking the entire block permanently as bad
(e.g., kept in non-volatile tables), only those specific pages that have cyclic
redundancy check (CRC) error or failed read-verify after written bad pages on
that particular device are marked.

[0026] The bad pages can be tracked by the controller in the RCM in
RAM (e.g., memory on the controller), and when the NAND device becomes
empty (e.g., at the time of switching primary and secondary positions, which will
be discussed further herein), a bad page table for the empty NAND device can
be erased and rebuilt over again. This is because disturbs in adjacent pages can
sometimes cause CRC errors or read verification errors. When the block is

erased, those pages can be good again.
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[0027] In addition, before NAND cells completely fail, there may be a
period of time that cell is stuck in one state, but after another erase cycle,
repaired itself. Therefore, marking the NAND cell as bad may not be an
accurate assessment.

[0028] At 248, the pages meeting threshold requirements can be
promoted from NAND device 232-1 (e.g., primary device position) to NAND
device 232-2 (e.g., secondary device position). For example, the pages can be
promoted when NAND device 232-1 reaches a threshold capacity (e.g., near
full). In some examples, data usage within NAND devices 232-1 and 232-2 can
be monitored (e.g., tracked) by the controller. Pages not meeting threshold
requirements can demoted (e.g., removed) from NAND device 232-1 at 246 and
sent to DRAM device 234 within an “unqualified” zone. This can prevent over-
promotion of data to NAND devices, for example, which can prevent and/or
reduce NAND wear out.

[0029] When NAND device 232-2 reaches a threshold capacity (e.g.,
near full), remaining pages in NAND device 232-1 can be demoted to DRAM
device 234 at 250 within the unqualified zone. In some examples, the remaining
pages in NAND device 232-1 can be discarded (e.g., dropped, evicted,
overwritten, etc.) at 252. In response, blocks that contained data in NAND
device 232-1 can be erased.

[0030] In a number of embodiments NAND devices 232-1 and 232-2
(e.g., NAND die) can be used at any given time as one primary device and one
secondary device. For instance, when the primary NAND device 232-1
becomes full (e.g., same and/or similar conditions as to indicate DRAM device
234 is full), the top most read/visited data pages in the primary NAND device
232-1 get promoted to the secondary NAND device 232-2 (e.g., at 248), and the
least visited data pages get demoted (e.g., moved, kicked-back, etc.) to DRAM
device 234. These least visited data pages can be treated as new cache data for
DRAM device 234. In a number of embodiments, both the promoted and
demoted data pages can be marked as dirty pages on the primary NAND device
232-1. When all pages of a given block on primary NAND device 232-1 are
dirty, the block can be erased.

[0031] When the secondary NAND device 232-2 becomes full, the
remaining good cached data can be demoted back to DRAM device 234, and the

8
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rest of the blocks of the primary NAND device 232-1 can be erased. After all
the blocks on the primary NAND device 232-1 are erased, the position of NAND
devices 232-1 and 232-2 exchange. The old, but now empty primary NAND
device 232-1 becomes the new secondary NAND device, and the old, but now
full secondary NAND device 232-2 becomes the new primary NAND device.
This process can be repeated over and over. The data in an internal device (e.g.,
NAND device) is maintained as the most stationary/stably cached data, resulting
in a reduced need to erase those data in the internal device, extending the
endurance (e.g., life) of the internal device and reducing degradation over other
approaches.

[0032] In a number of examples, the promotion and demotion actions
within the read cache memory (e.g., host reporting and responding) can be
managed and tracked by a controller (e.g., controller 108 as illustrated in Figure
1). In addition to on-chip memory (e.g., within a controller), a portion of
DRAM device 234 (e.g., a portion of DRAM array 104 as illustrated in Figure
1), may be reserved for the controller to use to store control information, such as
pointers, tables, statistics, counters, etc. This information may enable the
controller to manage and track the movement of data to and from NAND devices
232-1 and 232-2 from DRAM device 234 and between NAND devices 232-1
and 232-2, as well as reporting this information back to a host device (e.g., host
device 118 as illustrated in Figure 1). The remainder of DRAM device 234 may
be used for caching data, for example.

[0033] Figure 3 illustrates an example device 360 (e.g., system) for read
cache memory in accordance with a number of embodiments of the present
disclosure. Example device 360 can include a 5-known good die (KGD) stack
including NAND arrays 366-1 and 366-2, DRAM arrays 364-1 and 364-2, and a
controller 370 (e.g., an ASIC die). Device 360 is not limited to a 5-KGD stack
or NAND and DRAM memory, however. For instance, device 360 may include
3, 4, or more NAND devices in a number of examples.

[0034] In order to gain access to all of the bond pads of the NAND and
DRAM, a redistribution layer can be used. This redistribution layer can relocate
the bonding pad of the RCM device. After redistributing the pads of both
DRAM and NAND arrays to line up on only one of the shorter or the longer side
of the array, the DRAM arrays and NAND arrays are stacked up in an off-set

9
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way, so that arrays are directly stacked on top of each other while the most
bottom array (e.g., DRAM array 364-1) will expose its single row of pads on one
side (e.g., left side) while the rest of the array area are overlay covered by the
array on top of'it (e.g., DRAM array 364-2).

[0035] The next to the bottom (e.g., second bottom) array (e.g., DRAM
array 364-2) will then be 180 degrees turned and its single row of pads on the
opposite side (e.g., right side) exposed while the rest of the array area are
overlay covered by the array on top of it (e.g., NAND array 366-1). The bottom
two arrays (e.g., DRAM arrays 364-1 and 364-2) are positioned such that the
third array (e.g., NAND array 366-1) will line its single row pad parallel to the
first (e.g., most bottom) array (e.g., DRAM array 364-1) (e.g., left side), but not
block the first array (e.g., DRAM array 364-1) for bonding wires 372-1,..., 372-
4 and the fourth array (e.g., NAND array 366-2) will line up its pad parallel to
the second array (e.g., DRAM array 364-2), but not block the second array’s
(e.g., DRAM array 364-2) pad for bonding wires 372-1,..., 372-4. The
controller 370 can sit on the very top of the stack as the fifth array (e.g., die)
with pad pitches expanded by fan-out (flex) wafer level packaging (WLP) pads
368. Controller 370 can directly die-to-die bond its x-direction side (e.g., left
and right) pads point-to-point with each pad on the offset stacked DRAM and
NAND arrays below it. The pads on the y-direction sides of the controller 370
can be bonded to the lead frame of the package for external signals (e.g., ball
grid array (BGA) package balls) access (not illustrated in Figure 3).

[0036] In an example embodiment, as illustrated in Figure 3, DRAM
array 364-1 can be formed on a first dice coupled to substrate 362 in a staggered
manner (e.g., offset, skewed). DRAM array 364-2 can be formed on a second
dice coupled to the first dice in a staggered manner. NAND array 366-1 can be
formed on a third dice coupled to the second dice in a staggered manner, and
NAND array 366-2 can be formed a fourth dice coupled to the third dice in a
staggered manner. The first, second, third, and fourth die can be coupled to the
controller, for instance, via direct die-to-die bonding. In some examples,
controller 370 can be coupled to the fourth dice in, can include fan-out flex pads
368, and can be in communication with dies 364-1, 364-2, 366-1, and 366-2 via
die-to-die bonding wires 372-1,..., 372-4,

10
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[0037] The present disclosure includes methods and apparatuses for read
cache memory. One apparatus includes a read cache memory apparatus
comprising a first DRAM array, a first and a second NAND array, and a
controller configured to manage movement of data between the DRAM array
and the first NAND array, and between the first NAND array and the second
NAND array.

[0038] It will be understood that when an element is referred to as being
"on," "connected to" or "coupled with" another element, it can be directly on,
connected, or coupled with the other element or intervening elements may be
present. In contrast, when an element is referred to as being "directly on,"
"directly connected to" or "directly coupled with" another element, there are no
intervening elements or layers present. As used herein, the term "and/or"
includes any and all combinations of a number of the associated listed items.
[0039] As used herein, the term "and/or" includes any and all
combinations of a number of the associated listed items. As used herein the term
“or,” unless otherwise noted, means logically inclusive or. That is, “A or B” can
include (only A), (only B), or (both A and B). In other words, “A or B” can
mean “A and/or B” or “a number of A and B.”

[0040] It will be understood that, although the terms first, second, third,
etc. may be used herein to describe various elements, these elements should not
be limited by these terms. These terms are only used to distinguish one element
from another element. Thus, a first element could be termed a second element
without departing from the teachings of the present disclosure.

[0041] 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 a number of embodiments of the present disclosure. It is to be
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 a number of
embodiments of the present disclosure includes other applications in which the

above structures and methods are used. Therefore, the scope of a number of
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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.

[0042] In the foregoing Detailed Description, some features are grouped
together in a single embodiment for the purpose of streamlining the disclosure.
This method 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.
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What is claimed is:

L. An apparatus, comprising:
a read cache memory device, comprising;:
a dynamic random-access memory (DRAM) array; and
a first NAND array and a second NAND array; and
a controller configured to:
manage movement of data between the DRAM array and the first

NAND array, and between the first NAND array and the second NAND array.

2. The apparatus of claim 1, wherein the controller is further configured to
cache data from the DRAM array to the first NAND array based on a

characteristic of the data.

3. The apparatus of claim 2, wherein the data characteristic includes at least
one of the number of times the data is accessed, the number of times the data is

requested, and the stability of the data.

4. The apparatus of any one of claims 1 to 3, wherein the controller is
further configured to cache data from the first NAND array to the second NAND

array based on a characteristic of the data.

5. The apparatus of any one of claims 1 to 3, further comprising a direct
memory access (DMA) linking the controller to the DRAM array, a DMA
linking the controller to the first NAND array, and a DMA linking the controller
to the second NAND array.

6. The apparatus of any one of claims 1 to 3, wherein the controller is
further configured to track and report to a host device the actions of the read

cache memory device via an interface.

7. A method for operating a memory, comprising:
caching data from a dynamic random-access memory (DRAM) array to a

first NAND array based on a characteristic of the data; and

13
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caching the data from the first NAND array to a second NAND array in
response to the first NAND array meeting a threshold cached data capacity.

8. The method of claim 7, wherein the data characteristic includes at least
one of the number of times the data is accessed, the number of times the data is

requested, and the stability of the data.

9. The method of any one of claims 7 to 8, further comprising erasing the
first NAND array in response to caching the data from the first NAND array to
the second NAND array.

10. A method for operating a memory, comprising:

receiving a first set of cached data at a dynamic random-access memory
(DRAM) array;

promoting a portion of the first set of cached data to a class of the
DRAM array based on a data characteristic of the portion of the first set of
cached data;

promoting a second set of cached data from the class to a first NAND
array based on a data characteristic of the second set of cached data; and

promoting a third set of cached data to a second NAND array in response

to the first NAND array reaching a threshold capacity.

11. The method of claim 10, further comprising evicting a fourth set of
cached data from the class in response to the fourth set of cached data failing to
reach a threshold requirement including at least one of a request threshold, an

access threshold, and a stability threshold.

12. The method of claim 10, further comprising demoting a fifth set of
cached data from the first NAND array to the DRAM in response to the fifth set
of cached data failing to reach a threshold requirement including at least one of a

request threshold and an access threshold.

13. The method of claim 10, further comprising evicting a sixth set of cached

data from the first NAND array in response to the sixth set of cached data failing

14
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to reach a threshold requirement including at least one of a request threshold and

an access threshold.

14. The method of any one of claims 10 to 13, further comprising repairing

the first NAND array in response to the swapping.

15. The method of any one of claims 10 to 13, further comprising
dynamically marking bad pages within the first NAND.

16. The method of any one of claims 10 to 13, further comprising packing
the portion of the first set of cached data in the class into packets sized to match

page sizes within the first and the second NAND arrays.

17. A method for operating a memory, comprising;:

receiving cached data from a DRAM device at a primary NAND
device;

dynamically marking bad pages within the received cached data;

promoting a portion of the cached data to a secondary NAND
device in response to the portion of the cached data meeting a threshold
requirement and in response to the primary NAND device reaching a threshold
cached data capacity,

wherein the portion of the cached data does not include

the marked bad pages;

erasing the primary NAND array; and

swapping the primary and the secondary NAND devices such that
the primary NAND device becomes a new secondary NAND device and the
secondary NAND device becomes a new primary NAND device.

18. The method of claim 17, wherein the cached data is received at the

primary NAND device from the DRAM device via direct memory access
(DMA).

15
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19. The method of any one of claims 17 to 18, wherein the threshold
requirement includes the portion of the cached data being accessed a threshold

number of times within a given time period.

20. The method of any one of claims 17 to 18, wherein the threshold

requirement includes the portion of the cached data meeting a threshold stability.

21. The method of any one of claims 17 to 18, wherein the method is

performed iteratively.

22. A device, comprising:
a dynamic random-access memory (DRAM) array;
a first NAND array formed on the first DRAM array;
a second NAND array formed on the first NAND array; and
a controller configured to:
cache data meeting a particular threshold from the DRAM array
to the first NAND array; and
cache data from the first NAND array to the second NAND array
based on the capacity of the first NAND array.

23. The device of claim 22, wherein the controller includes an ASIC device.

24.  The device of any one of claims 22 to 23, wherein the particular

threshold includes data accessed a threshold number of times.

25.  The device of any one of claims 22 to 23, wherein the particular

threshold includes data meeting a stability threshold.

26.  The device of any one of claims 22 to 23, wherein the device is located

between a host device and a solid state drive (SSD) or a third NAND device.

27.  The device of any one of claims 22 to 23, including the controller

configured to store information associated with the data cached from the DRAM

16
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array to the first NAND array and the data cached from the first NAND array to
the second NAND array.

28. A system, comprising;:

a first dynamic random-access memory (DRAM) array formed on a first
die coupled to a substrate in a first offset manner;

a second DRAM array formed on a second dice coupled the first die in a
second offset manner;

a first NAND array formed on a third dice coupled to the second die in a
third offset manner;

a second NAND array formed on a fourth dice coupled to the third die in
a fourth offset manner; and

a controller.

29. The system of claim 28, including a fan-out wafer level packaging

(WLP) pad formed adjacent to the controller.

30. The system of any one of claims 28 to 29, wherein the first, second, third,

and fourth die are coupled to the controller via direct die-to-die bonding.
31. The system of any one of claims 28 to 29, wherein data is moved

between the first and the second NAND arrays via direct die-to-die bonding and

based on a characteristic of the data.

17



WO 2015/179290 PCT/US2015/031370

1/2
100 —
118 102
MEMORY DEVICE 104
DRAM
| | controLLER 108
HOST ST

HS NAND #1
106-17 106-2

HS NAND #2

Fig. 1



WO 2015/179290 PCT/US2015/031370
2/2
DRAM
236~_[
240 /////‘<i242
234—/’f//’ N
7 238
246—
244
250
/ /
2321~ 248~ T | 2322
NAND NAND




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/031370

A. CLASSIFICATION OF SUBJECT MATTER
G11C 7/10(2006.01)i, GOGF 12/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GI11C 7/10; GO6F 12/02; HO1L 23/52; HO1L 23/498; GO6F 12/08

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: read, cache, memory, DRAM, NAND, array, controller, manage, movement, data, DMA,
SSD

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2014-0101378 A1 (AARON K. OLBRICH et al.) 10 April 2014 1-9,22-31
See paragraphs [0076]-[0079], [0088], [0093], [0113], [0121]-[0122],

[0270], [0379], [0404]-[0405], [0472]; and figures 1, 3-5, 20, 27, 31.
A 10-21

Y US 2014-0122782 A1 (JUNJI YANO et al.) 01 May 2014 1-9,22-31
See paragraphs [0011], [0061], [0063], [0078], [0106]; and figures 1, 3, 7.

Y US 2013-0134607 A1 (PETER GILLINGHAM) 30 May 2013 22-31
See paragraphs [0004]-[0005], [0010]; and figure 2.

A US 2013-0119542 A1 (HAKJUNE OH) 16 May 2013 1-31
See paragraph [0009]; and figure 1.

A US 2012-0311245 A1 (HIROKUNI YANO et al.) 06 December 2012 1-31
See paragraphs [0119]-[0136]; and figure 1.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
13 August 2015 (13.08.2015) 17 August 2015 (17.08.2015)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

. Korean Intellectual Property Office
N B Y \ 11 g ( h a
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701, .S C

R Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8262

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2015/031370
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0101378 Al 10/04/2014 CN 101965559 A 02/02/2011

CN 101965559 B 09/10/2013
CN 103150275 A 12/06/2013
EP 2225642 Al 08/09/2010
EP 2225642 A4 28/03/2012
JP 2011-508349 A 10/03/2011
JP 5272019 B2 28/08/2013
US 2009-168525 Al 02/07/2009
US 2009-172257 Al 02/07/2009
US 2009-172258 Al 02/07/2009
US 2009-172259 Al 02/07/2009
US 2009-172260 Al 02/07/2009
US 2009-172261 Al 02/07/2009
US 2009-172262 Al 02/07/2009
US 2009-172263 Al 02/07/2009
US 2009-172308 Al 02/07/2009
US 2009-172499 Al 02/07/2009
US 2012-072654 Al 22/03/2012
US 2013-262753 Al 03/10/2013
US 2013-339581 Al 19/12/2013
US 2013-339582 Al 19/12/2013
US 2014-108715 Al 17/04/2014
US 2014-237168 Al 21/08/2014
US 7934052 B2 26/04/2011
US 7978516 B2 12/07/2011
US 8245101 B2 14/08/2012
US 8386700 B2 26/02/2013
US 8533384 B2 10/09/2013
US 8621137 B2 31/12/2013
US 8621138 B2 31/12/2013
US 8738841 B2 27/05/2014
US 8751755 B2 10/06/2014
US 8762620 B2 24/06/2014
US 8775717 B2 08/07/2014
US 8959282 B2 17/02/2015
US 8959283 B2 17/02/2015
WO 2009-086357 Al 09/07/2009
WO 2009-086359 Al 09/07/2009
WO 2009-086365 Al 09/07/2009
WO 2009-086371 Al 09/07/2009
WO 2009-086376 Al 09/07/2009
WO 2009-086404 Al 09/07/2009
WO 2009-086412 Al 09/07/2009
WO 2009-086419 Al 09/07/2009
WO 2009-086421 Al 09/07/2009
WO 2009-086424 Al 09/07/2009
US 2014-0122782 Al 01/05/2014 JP 04762261 B2 31/08/2011
JP 2009-217755 A 24/09/2009

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/031370
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2009-0235016 Al 17/09/2009
US 8601219 B2 03/12/2013
US 9015421 B2 21/04/2015
US 2013-0134607 Al 30/05/2013 CN 104054172 A 17/09/2014
EP 2795673 Al 29/10/2014
JP 2014-533895 A 15/12/2014
KR 10-2014-0116079 A 01/10/2014
TW 201342569 A 16/10/2013
US 8836148 B2 16/09/2014
WO 2013-078538 Al 06/06/2013
US 2013-0119542 Al 16/05/2013 WO 2013-071399 Al 23/05/2013
US 2012-0311245 Al 06/12/2012 CN 101632068 A 20/01/2010
CN 101632068 B 14/01/2015
EP 2225643 Al 08/09/2010
EP 2225643 A4 03/07/2013
JP 04533968 B2 01/09/2010
JP 05039174 B2 03/10/2012
JP 05039175 B2 03/10/2012
JP 05039176 B2 03/10/2012
JP 05039177 B2 03/10/2012
JP 2010-250846 A 04/11/2010
JP 2010-250847 A 04/11/2010
JP 2010-267273 A 25/11/2010
JP 2010-521718 A 24/06/2010
KR 10-1077339 Bl 26/10/2011
KR 10-2009-0106651 A 09/10/2009
TW 200949537 A 01/12/2009
TW 1396083 B 11/05/2013
US 2010-0037009 Al 11/02/2010
US 2010-0037010 Al 11/02/2010
US 2010-0037011 Al 11/02/2010
US 2010-0037012 Al 11/02/2010
US 2012-0033496 Al 09/02/2012
US 2014-0258602 Al 11/09/2014
US 7953920 B2 31/05/2011
US 7962688 B2 14/06/2011
US 8065470 B2 22/11/2011
US 8065471 B2 22/11/2011
US 8782331 B2 15/07/2014
WO 2009-084724 Al 09/07/2009

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report

