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REDUNDANT ARRAY OF INDEPENDENT NAND FOR A THREE-
DIMENSIONAL MEMORY ARRAY

Technical Field

{06001} The present disclosure relates generally to semiconductor
memory and methods, and more particularly, to a redundant array of

independent NAND for a three-dimensional memory array.

Backeround
{0002} Memory devices are typically provided as internal,
semiconductor, integrated circuits and/or external removable devices 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 and can include random-access memory
(RAM), dynamic random access memory (DRAM), and synchronous dynamic
random access memory (SDRAM), among others. Non-volatile memory can
retain stored data when not powered and can include NAND flash memory,
NOR flash memory, phase change random access memory (PCRAM), resistive
random access memory {(RRAM), and magnetic random access memory
(MRAM}, among others.
{06003} Memory devices can be combined together to torm a solid state
drive (S8D). An S8D can include non-volatile memory (e.g., NAND flash
memory and/or NOR flash memory), and/or can wnclude volatile memory (e g.,
DRAM and/or SRAM), among various other types of non-volatile and volatile
memory. An 88D can be used to replace hard disk drives as the main storage
volume for a computer, as the solid state drive can have advantages over hard
drives in terms of performance, size, weight, ruggedness, operating temperature
range, and power consumption. For example, SSDs can have superior
performance when compared to magnetic disk drives due to their fack of moving
parts, which may avoid seek time, latency, and other electro-mechanical delays
associated with magnetic disk drives. SSD manufacturers can use non-volatile
flash memory to create flash SSDs that may not use an internal battery supply,
thus allowing the drive to be more versatile and compact.
{0004} Flash memory devices, such as those used to create tlash S8Ds,

can include memory cells storing data in a charge storage structure such as a
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floating gate, for instance, and may be utilized as 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.

HUHIRY! Memory cells in an array architecture can be programmed to a
target {e.g, desired) state. For instance, electric charge can be placed on or
removed from the charge storage structure (e.g., floating gate) of a memory cell
to program the cell to a particular data state. The stored charge on the charge
storage structure of the memory cell can indicate a threshold voltage (V1) of the
cell, and the state of the cell can be determined by sensing the stored charge
{e.g., the Vi) of the cell.

{0006} For example, a single level cell (SLC) can be programmed to a
targeted one of two ditferent data states, which can be represented by the binary
units § or 0. Some flash memory cells can be programmed to a targeted one of
more than two data states (e.g., 1111, 0111, 0011, 1011, 1001, 0001, 0101, 1101,
1100, 6100, 0000, 1000, 1010, 0010, 0110, and 1110). Such cells may be
referred to as multi state memory cells, multiunit cells, or multilevel cells
(MLCs). MLCs can provide higher density memortes without increasing the
number of memory cells since each cell can represent more than one digit (e.g.,
more than one bit).

{6007} During operation of a flash memory device, a number of defects
and/or errors, such as, for instance, electrical shorts between different
components of the memory, may occur. Such defects and/or errors can cause
data stored in the memory to be lost, which can result in a failure of the memory.
One approach to protect against such a memory failure (e.g, to protect the data
stored in the memory) is to use a redundant array of independent NAND (RAIN)
data protection scheme, which can divide and/or replicate the data stored in the

memory among multiple memory devices.

Bref Description of the Drawings

{0008} Figure 1 tllustrates a perspective view of a portion of a three-
dimensional memory array in accordance with a number of embodiments of the

present disclosure.
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10009} Figure 2 is a schematic diagram illustrating connection between a
portion of a three-dimensional memory array and a string driver in accordance
with a number of embodiments of the present disclosure.

{0010} Figure 3 tllustrates an example of a three-dimensional memory
array in accordance with a number of embodiments of the present disclosure.
{0011} Figure 4 is a chart illustrating an example of data storage in a
three-dimensional memory array in accordance with a number of embodiments
of the present disclosure.

{0012} Figure 5 is a functional block diagram of a computing system
including an apparatus in the form of a memory device in accordance with a

number of embodiments of the present disclosure.

Detailed Description

10013} The present disclosure includes a redundant array of independent
NAND for a three-dimensional memory array. A number of emnbodiments
include a three-dimensional array of memory cells, wherein the array tncludes a
plurality of pages of memory cells, a number of the plurality of pages include a
parity portion of a redundant array of independent NAND (RAIN} stripe, and the
parity portion of the RAIN stripe in each respective page comprises only a
portion of that respective page.

{6014} The amount of protection provided by a RAIN protection scheme
may depend on the overhead density (e.g., the footprint) of the RAIN in the
memory. For example, the amount of data in a memory that can be protected by
a RAIN protection scheme may depend on the size of (e g, number of memory
cells in) the portion of the memory dedicated to the RAIN, For instance, the
greater the size of the RAIN-dedicated portion of the memory, the greater the
amount of protection that may be provided by the RAIN against failure of the
memory. However, as the size of the RAIN-dedicated portion of the memory
increases, the amount of the memory available to store other data, such as user
data, decreases.

{6015} RAIN protection approaches in accordance with the present
disclosure, however, can have a lower overhead density than previous RAIN
protection approaches, while providing the same (or similar) amount of
protection as previous RAIN protection approaches. For example, the size of the

~
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RAIN-dedicated portion in a three-dimensional memory array in accordance
with the present disclosure can be one-fourth the size of a RAIN dedicated
portion in previous RAIN protection approaches, while providing the same {or
sitntlary amount of protection, thereby allowing the memory to store a greater
amount of user data than previous approaches.

10016} As used herein, “a number of” something can refer to one or more
such things. For example, a number of memory cells can refer to one or more
memory cells. Additionally, the designator “N”, as used herein, particularly
with respect to reference numerals in the drawings, indicates that a number of
the particular feature so designated can be included with a number of
embodiments of the present disclosure.

16017} The figures herein follow a numbering convention in which the
first digit or digits correspond to the drawing figure number and the remaining
digits identify an element or component in the drawing. Similar elements or
components between different figures may be identified by the use of similar
digits. For example, 100 may reference element “00” in Figure 1, and a similar
element may be referenced as 200 in Figure 2.

10018} Figure 1 tllustrates a perspective view of a portion of a three-
dimenstonal memory array 100 in accordance with a number of embodiments of
the present disclosure. The memory array 100 can comprise, for example, a
NAND flash memory array. Memory array 100 includes a number of vertical
strings of series-coupled memory cells 103 oriented orthogonal to a number of
conductive lines, such as access lines 105 and/or data lines 102, In the example
illustrated in Figure 1, memory cells 103 can form a group of memory cells, such
as, for instance, a tile group. That i3, the portion of memory array 100 tllustrated
in Figure 1 can correspond to a group {e.g., tile group) of memory cells.

{0019} As used herein, A "coupled to" B refers t0 A and B being
operatively coupled together, such as where A and B are electrically connected
with each other, such as through a direct ohmic connection or through an indirect
connection. Insulating materials between varicus conductive lines are omitted
from Figure 1 for clarity. Conductive materials can be formed of polysilicon, for
example, or other doped or undoped materials. Insulating materials can be

formed of oxide, tor example, or other dielectric materials,



WO 2017/146996 PCT/US2017/018252

10020} A plurality of data lines 102 can be oriented in a first plane, and
further oriented 1n a first direction in the first plane, the vertical strings of series-
coupled memory cells 103 being oriented orthogonal to the first plane. A
plurality of access lines 105 can be oriented in a second plane, and further
oriented in a second direction in the second plane. As shown in Figure 1, the
access lines 105 can be formed in a planar configuration. The second plane can
be substantially parallel to the first plane. The second direction can be
perpendicular to the first direction, for example. The data lines 102 can be
shared by a number of vertical strings of sertes-coupled memory cells 103 in the
first direction, and the access lines 105 can be shared by a number of vertical
strings of series~coupled memory cells 103 in the second direction.

{6021} One or more source lines 104 can be oriented in a third plane, the
third plane being substantially parallel to the first and second planes. The source
lines 104 can be further oriented in the second direction, for instance, the same
direction as the access lines 105 as shown in Figure 1, or in a different direction.
The select gates 108 and 110 can operate to select a particular vertical string of
series-coupled memory cells 103 between a data line 102 and a source line 104.
As such, the vertical strings of series-coupled memory devices 103 can be
located at the intersections of the data lines 102 and source line 104

{0022} The access lines 105 are coupled to {and in some cases form)
control gates of memory cells at a particular level and can be used to select a
particular one of the series~-coupled memory cells within a vertical string. In this
manner, a particular memory cell can be selected and electrically coupled toa
data line 102 via operation of the first select gate 108, second select gate 110,
and an access line 105, The access lines 105 can be configured to select a
memory cell at a particular location within one or more of the vertical strings of
series-coupled memory cells 103.

10023} As tllustrated in Figure 1, the planar access lines 105 can be
configured to have multiple three-dimensional stair step structures 106 to
facilitate vertically-oriented coupling thereto, such as by vertical conductors 112,
As such, respective planar access lines 105 can be formed as respective stair
steps of the stair step structure 106. A stair step structure 106, as used herein,

means a three-dimensional structure having a plurality of stair steps at different

o
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generally associated with a set of stair steps. According to one embodiment of
the present disclosure, the steps of lower elevations can extend laterally beyond
the lateral distance that the step at an immediately higher elevation extends, as
shown in Figure 1. For instance, lower steps extend further in a lateral direction
than step(s} above. A lower step can extend laterally a sufficient distance beyond
a next higher step so that a vertical coupling can be made to the portion of the
fower step extending laterally past the next higher step. In this manner, a
vertical conductor 112 can be coupled to the lower step, such as to an access line
105, select gate 108 or 110, or scurce line 104, which each can correspond to a
step in the stair step structure 106

{0024} The memory array 100 can be coupled to various circuitry
associated with operating the memory array 100, Such circuitry can include
string driver circuitry, for instance, as will be described further in connection
with Figure 2. As an example, horizontal conductive lines 114 can be routed
from the memory array 100, for example, to a string driver. Steps of the stair
step structure 106 can be coupled to the conductive lines 114, for instance, via
the vertical conductors 112, In this manner, an electrical coupling can be made
between the vertical stack of access lines 105, select gates 108/110, and/or
source lines 104, and the string driver, via the planar horizontal conductive lines
114,

{0025} The strings of NAND memory cells can be arranged with select
gate transistors coupled at each end {e.g , source, drain). Each string can include
a number of memory cells coupled in series, drain-to-source. Vertical strings of
NAND memory cells can be arranged such that the string of series-coupled
memory cells are linearly arranged in a vertical orientation, or can be arranged in
non-linear configuration such as in a “U” shape, with portions of the “U” shape
being oriented vertically, for example. For instance, the string of series-coupled
memory cells can be arranged in a dimension orthogonal to the planes
encompassing the access lines {e.g., word lines) and data lines {(e.g., bit lines}.
{0026} Figure 2 is a schematic diagram illustrating connection between a
portion of a three-dimensional memory array 200 and a string driver 216 1n
accordance with a number of embodiments of the present disclosure. Memory
array 200 can be, for example, memory array 100 previously described in

connection with Figure 1.
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10027 String driver 216 can be used to control selection of particular
strings of memory cells and/or particular memory cells, such as by application of
a voltage signal of particular select gates and/or particular memory cells within
the strings of memory cells by, for instance, appropriate assertion of access lines
206. Figure 2 illustrates the access lines 206, select gate 208 (SGD), and select
gate 210 (SGS) of memory array 200 being coupled to a string driver 216 via a
number of conductive lines 214, Conductive lines 214, and/or the area between
memory array 200 and string driver 216 in which conductive lines 214 couple
memory array 200 to string driver 216, can be referred to as an interface between
memory array 200 and string driver 216, The string driver 216 can be formed
using CMOS devices, for example. The memory array 200 further includes the
data lines 202 arranged as shown and coupled to the strings of memory cells.
{0028} The access lines 206, select gate 208 (SGD), and select gate 210
(8GS) of a memory array 200 can be coupled to respective global access lines
228 through selection transistors 218. The selection transistors 218 can be field
effect transistors (FETs), for example. The selection transistors 218 can be
controlied via the block high voltage switch output (BLKHVSW OUT) signal
line 226, which is coupled between an output of a block high voltage switch 220
and, for example, the gate of each of the selection transistors 218, The block
high voltage switch 220 receives as inputs, for example, a block selection
address 222 and an input voltage 224 to produce the BLKHVSW CUT signal on
the block high voltage switch output signal line 226 when appropriate to couple
the access lines 200, select gate 208 (SGD), and select gate 210 (SGS) of
memory array 200 to the global access lines 228.

10029} In a sense operation, such as a read or a program verify operation,
global access line driver 216 can provide positive voltage signals to global
access lines 228 {(e.g., global word lines) to select a particular local access line
coupled to memory cells being sensed. Unselected access lines, such as access
lines not coupled to memory cells being read or verified, can be provided with a
pass voltage (Vpass), while the selected access line can be provided with a read
voltage. Other techniques are possible for reading and/or programring memory
cells, as will be appreciated by one of skill in the art. According to various
embodiments, the memory array 200 can be implemented as a three-dimensional

memory array with the strings being oriented vertically, and the string driver
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216, including the selection transistors 218, can be implemented as a
substantially planar device. A stair step structure comprising the conductive
fines 214 can be used to electrically couple the vertical three-dimensional array
and horizontal planar structures (e.g., string driver 216).

{0030} Figure 3 tllustrates an example of a three-dimensional memory
array 330 in accordance with a number of embodiments of the present
disclosure. As shown tn Figure 3, memory array 330 can include a plurality of
portions 300-0, 300-1, 300-2, and 300-3. Each respective portion 300-0, 300-1,
300-2, and 300-3 of memory array 330 can be analogous to the portion of
memory array 100 previcusly described in connection with Figure 1. For
example, memory array 330 can be a three-dimensional NAND flash memory
array comprising portions 300-0, 300-1, 300-2, and 300-3 having a stair step
structure, as previously described 1o connection with Figure 1. Further, each
respective portion 300-0, 300-1, 300-2, 300-3 can correspond to a group (e.g., a
tile group) of memory cells, as previously described in connection with Figure 1.
Although the embodiment illustrated in Figure 3 includes four portions {e.g.,
four groups of memory cells), embodiments of the present disclosure are not so
fimited.

10031} Although not shown in Figure 3 for clarity and so as not to
obscure erabodiments of the present disclosure, each respective portion {e.g.,
group} 300-0, 300-1, 300-2, and 300-3 of memory array 330 can have a string
driver analogous to string driver 216 previously described in connection with
Figure 2 associated therewith. For example, each respective group 300-0, 300-1,
300-2, and 300-3 can have a different string driver coupled to and configured to
operate that respective group, in a manner analogous to that described in
connection with Figure 2. Further, the string drivers can operate their respective
groups in parallel. For example, the string drivers can perform program and/or
sense operations on their respective groups in parallel.

{06032} Memory array 330 can include a number of physical blocks of
memory cells, such as, for instance, 128 blocks, 512 blocks, or 1,024 blocks.
However, embodiments are not limited to a particular multiple of 128 or any
particular rumber of physical blocks. A number of physical blocks of memory
cells can be included in a plane of memory cells, and a number of planes of

memory cells can be included on a die. Each physical block of memory cells
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can include a number of physical rows of memory cells coupled to access lines
{e.g., word lines), and each row can include a number of pages of memory cells
{e.g., physical pages). A physical page refers to a unit of programming and/or
sensing (e.g., a number of memory cells that are programmed and/or sensed
together as a functional group). For example, each row can comprise one
physical page of memory cells, or each row can comprise multiple physical
pages of memory cells {e.g., one or more even pages of memory cells coupled to
even-numbered bit lines, and one or more odd pages of memory cells coupled to
odd numbered bit lines). Additionally, for embodiments including multilevel
cells, a physical page of memory cells can store multiple pages (e.g., logical
pages) of data {e.g., an upper page of data and a lower page of data, with each
cell in a physical page storing one or more bits towards an upper page of data
and one or more bits towards a lower page of data).

{0033} in a number of embodiments, each respective group 300-0, 300-1,
300-2, and 300-3 of memory array 330 can include a different portion of each
respective page of memory cells. For instance, group 300-0 can include a first
portion of each respective page, group 300-1 can include a second portion of
gach respective page, eic. As such, memory array 330 can include a plurality of
groups of memory cells (e.g., tile groups 300-0, 300-1, 300-2, and 300-3) and a
plurality of pages of merory cells, wherein each respective group tncludes a
different portion of each respective page.

{0034} A number of the pages of memory cells tn memory array 330 can
include (e.g., store) a parity portion of a redundant array of independent NAND
(RAIN) stripe. For instance, each respective one of the number of pages can
include a parity portion of a different RAIN stripe. RAIN, as used herein, is an
umbrella term for computer information (e.g., data) storage schemes that divide
and/or replicate (e.g., mirror) information among multiple pages of multiple
memory devices, for instance, in order to help protect the data stored in the
memory devices. The multiple memory devices in a RAIN array may appear to
a user and the operating system of a computer as a single memory device {e.g.,
disk). RAIN can include striping (e g., sphitting) information so that ditferent
portions of the information are stored on different pages of different memory
devices. The portions of the more than one device that store the split data are

collectively referred to as a stripe. In contrast, RAIN can also include mirrorting,
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which can include storing duplicate copies of data on more than one page of
more than one device. As an example of the former, write data can be striped
across N-1 of N memory devices, where error information can be stored in an
Nth memory device.

10035] A RAIN stripe can include {(e.g., be a combination of} user data
and parity data. The parity data of the RAIN stripe, which can be referred to
herein as the pasity portion of the RAIN stripe, can include error protection data
that can be used to protect user data stored in the memory against defects and/or
errors that may occur during operation of the memory. For example, the RAIN
stripe {e.g., the parity portion of the RAIN stripe) stored in memory array 330
can protect user data stored in memory array 330 against defects and/or errors
that may occur during operation of the memory, and can therefore provide
protection against a failure of the memory. Defects and/or errors the RAIN
stripe can provide protection against include electrical shorts that may occur
between different components of the memory, such as, for example, access line
to access Hine shorts that may occur in groups 300-0, 300-1, 300-2, and/or 300-3
and/or shorts that may occur at the interface between groups 300-0, 300-1, 300-
2, and/or 300-3 and the respective string driver associated therewith, as will be
further described herein.

{0036} In a number of embodiments, the parity portion of the RAIN
stripe stored in each respective page can comprise only a portion of that page.
That 15, the parity portion of the RAIN stripe stored in each respective page may
comprise less than all of that page. For tnstance, the parity portion of the RAIN
stripe stored in each respective page may comprise one-fourth of that respective
page. As such, the size of the parity portion of each respective RAIN stripe can

be less than the size of the page in which the parity portion of that RAIN stripe

wn

stored. For instance, only one-fourth of the cells of the page may be used to
store the parity portion of the RAIN stripe. However, embodiments of the
present disclosure are not limited to this example. For instance, the parity
portion of the RAIN stripe stored in each respective page may comprise more or
fess than one-fourth of that respective page. Further, the size of the parity
portion of each respective RAIN stripe can correspond to {e.g., be the same size
as) the size of each different portion of each respective page included in each

respective group of memory cells. The parity portion of each respective RAIN
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stripe can be stored in the same group of memory cells, or different parity
portions of different RAIN stripes can be stored in different groups.

{6037} The remaining portion of each respective page of memory cells
that includes a parity portion of the RAIN stripe, as well as the pages that do not
include any portion of the RAIN stripe, can include (e.g., store) user data. For
example, if the parity portion of the RAIN stripe stored in a page comprises one-
fourth of that page, then three-fourths of that page can be used to store user data.
In such an example, the portion of each respective page that includes the parity
portion of the RAIN stripe can be a portion of one of the groups of memory cells
(e.g., group 300-1, 300-2, 300-3, or 300-4}, and the remaining portion of that
respective page that includes user data can be portions of the other groups of
memory cells. An example further illustrating the storage the RAIN stripe and
user data in memory aray 330 will be further described herein (e.g., in
connection with Figure 4).

{0038} In contrast, in previous RAIN protection approaches, the parity
portion of the RAIN stripe that would be stored in each respective page of
memory cells would comprise the entire page. That is, in previous RAIN
protection approaches, the parity portion of the RAIN stripe that would be stored
in each respective page would comprise all of that page. As such, in previcus
approaches, each respective page of memory cells that includes a parity portion
of the RAIN stripe would not also be able to include, or be used to store, user
data, thereby reducing the amount of memory that would be available to store
user data as compared to embodiments of the present disclosure. For instance,
the size of the parity portion of the RAIN stripe in previous RAIN protection
approaches may be four times the size of the parity portion of the RAIN stripe in
embodiments of the present disclosure. In such an example, four times as many
memory cells may be needed to store the parity portion of the RAIN stripe than
in embodiments of the present disclosure.

{6039} However, even though the RAIN stripe (e.g., the parity portion of
the RAIN stripe) of the present disclosure uses less overhead than the RAIN
stripe in previous approaches, the RAIN stripe of the present disclosure may still
provide the same (or similar) amount of protection as the RAIN stripe in
previous approaches. For example, the RAIN stripe of the present disclosure can

provide protection for each group 300-0, 300-1, 300-2, and 300-3 of memory
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array 330. For instance, the RAIN stripe of the present disclosure can provide
protection for all user data stored in each group 300-0, 300-1, 300-2, and 300-3
of memory array 330.

{0040} The RAIN stripe of the present disclosure can provide the same
{or similar} amount of protection as the RAIN stripe tn previous approaches
because, for example, of the tile group structure of memory array 330, For
instance, because memory array 330 includes {e.g., is broken into} groups 300-0,
300-1, 300-2, and 300-3, with each respective group having a three-dimensional
stair step structure and its own respective string driver coupled thereto, any
defects and/or errors that may result in a failure of memory array 330, such as,
for instance, access line to access line shorts and/or string driver interface shorts,
are likely to occur in only one of the groups. Because the probability of such
defects and/or errors occurring in more than one of the groups is so much less
than the probability of such defects and/or errors occurring in only one of the
groups, the RAIN stripe of the present disclosure may only have to provide
protection against a fatlure that may occur in only one group to be able to
etfectively provide protection for all groups.

10041} Figure 4 s a chart 440 illustrating an example of data storage in a
three-dimensional memory array in accordance with a number of embaodiments
of the present disclosure. The three dimensional memory array can be, for
example, memory array 330 having tile groups 300-0, 300-1, 300-2, and 300-3,
and the data stored therein can include RAIN stripes having user data and parity
data (e.g., a parity portion), as previously described herein {(e.g., in connection
with Figure 3). In the example illustrated in Figure 4, tile groups 300-0, 300-1,
300-2, and 300-3 are represented as 120, tgl, tg2, and 1g3, respectively.

{0042} In the example illustrated in Figure 4, the memory array includes
three logical units (represented as LUNO, LUNI, and LUN2), and each
respective logical unit includes four planes of memory cells (plane0, planel,
plane?, and plane3). Further, the memory array includes two blocks of memory
cells {represented as BlkO and Blk1}, and each respective block includes nine
pages of memory cells (represented as page0, page 1, . . ., page®). Asan
example, page 442-0 illustrated in Figure 4 is page 0 of block 0 of plane ¢ of
LUN 0, and the memory cells of page 442-0 store user data, as represented by

the four ROs, with each different RO representing a different portion of the user
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data of a first RAIN stripe {(e.g., RAIN stripe 444-0). Further, page 442-1 is
page 1 of block 0 of plane 0 of LUN 0, and the memory cells of page 442-1 store
user data, as represented by the four Ris, with each different R1 representing a
different portion of the user data of a second RAIN stripe (e.g., RAIN stripe 444-
1}, and so on, up to page 442-8, which is page & of block 0 of plane 0 of LUN 0,
and whose memory cells store user data, as represented by the four R8s, with
each different RE representing a different portion of the user data of a ninth
RAIN stripe {e.g., RAIN stripe 444-8).

{0043} In the example illustrated in Figure 4, each respective page of
memory cells can store 16 kB of data. For instance, each respective RO of page
442-0 represents 4 different kB of user data, such that 16 kB of user data is
stored in page 442-0. However, embodiments of the present disclosure are not
fimuted to these data amounts.

10044} Further, each respective group of the memory array can include a
different portion of each respective page of memory cells. For instance, in the
example illustrated in Figure 4, each page of memory cells includes four
different portions, with each different portion a part of a different one of the four
groups. As an example, group tg0 includes a first portion of page 442-0, group
tgl includes a second portion of page 442-0, group tg2 includes a third portion
of page 442-0, and group tg3 includes a fourth portion of page 442-0, with each
portion including 4 kB of data. For instance, user data R0 in the tg0 column of
page 442-0 illustrated 1o Figure 4 s stored in the rmoemory cells of page 0 of
block O that are in group tg0, user data RO in the tgl column of page 442-0 13
stored in the memory cells of page 0 of block 0 that are in group tgl, user data
RO in the tg2 column of page 442-0 is stored in the memory cells of page 0 of
block 0 that are in group tg2, and user data RO in the t23 column of page 442-0
is stored in the memory cells of page 0 of block 0O that are in group tg3.

{0045} As shown in Figure 4, a RAIN stripe can be stored across
different pages of memory cells in the memory array, with a different portion of
the RAIN stripe stored in each respective page. For instance, the example
illustrated in Figure 4 includes nine RAIN stripes, with each RAIN stripe stored
across different pages of memory cells. As an example, RAIN stripe 444-0
includes each ditferent portion RO of user data stored in each respective page 0

of each respective block of each respective plane of each respective LUN, as
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well as parity portion PO stored in page 0 of block 1 of plane 3 of LUN 2.
Further, RAIN stripe 444-1 includes each different portion R1 of user data stored
in each respective page | of each respective block of each respective plane of
each respective LUN, as well as parity portion P1 stored in page 1 of block 1 of
plane 3 of LUN 2, and so on, up to RAIN stripe 444-8, which includes each
different portion R8 of user data stored 1n each respective page 8 of each
respective block of each respective plane of each respective LUN, and parity
portion P8 stored in page 8 of block 1 of plane 3 of LUN 2. As such, the user
data of a RAIN stripe comprises 95/96 of the stripe, and the parity portion
comprises 1/96 of the stripe. The parity portion of each respective RAIN stripe
{e.g., parity portions PO to P8) llustrated in Figure 4 can protect the user data
stored in the rest of the memory array against defects and/or errors that may
occur during operation of the memory, as previously described herein.

10046} Further, in the pages in which the parity portion of each
respective RAIN stripe is stored, the parity portion comprises only a portion
{e.g., less than all} of that page, as illustrated in Figure 4. For instance, in the
example illustrated in Figure 4, the parity portion of each respective RAIN stripe
comprises one-fourth of the page in which it is stored. That 1s, the parity portion
of RAIN stripe 444-0 (e.g., PO) comprises one-fourth of page O of biock 1 of
plane 3 of LUN 2, the parity portion of RAIN stripe 444-1 (e.g., P1) comprises
one-fourth of page 1 of block 1 of plane 3 of LUN 2, parity portion P2 comprises
one-fourth of page 2 of block 1 of plane 3 of LUN 2, etc. As such, the size of
the parity portion of each respective RAIN stripe is less than the size of the page
in which it is stored. For instance, one-fourth of the memory cells of page 0 of
block 1 of plane 3 of LUN 2 are used to store parity portion PO, one-fourth of the
memory cells of page | of block 1 of plane 3 of LUN 2 are used to store parity
portion P1, one-fourth of the memory cells of page 2 of block 1 of plane 3 of
LUN 2 are used to store parity portion P2, etc. Further, in the example
illustrated 10 Figure 4, each different parity portion PO to P8 15 stored in the same
group of memory cells {(e.g., group tg3}.

{0047} As shown in Figure 4, user data is stored in the remaining
portions of each respective page of memory cells in which a parity portion of
one of the RAIN stripes is stored, as well as in the pages of the memory array in

which no parity portions of the RAIN stripes is stored. For example, three-
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fourths of the memory cells of page 0 of block 1 of plane 3 of LUN 2 are used to
store user data, three-fourths of the memory cells of page 1 of block 1 of plane 3
of LUN 2 are used to store user data, three-fourths of the memory cells of page 2
of block 1 of plane 3 of LUN 2 are used to store user data, etc. Further, the
portion of each respective page in which a parity portion of one of the RAIN
stripes is stored can be a portion of one of the groups of memory cells, and the
remaining portions of that respective page that include user data can be portions
of the other groups of memory cells. For example, parity portion PO of RAIN
stripe 444-0 is a portion of group tg3, while the remaining portions of page 0 of
block 1 of plane 3 of LUN 2 that include user data are portions of groups tg0,
tgl, and tg2, as illustrated in Figure 4.

{6048} Figure 5 is a functional block diagram of a computing system 550
including an apparatus in the form of a mernory device 554 in accordance with a
number of embodiments of the present disclosure. As used herein, an
“apparatus” can refer to, but is not limited to, any of a variety of structures or
combinations of structures, such as a circuit or circuitry, a die or dice, a module
or modules, a device or devices, or a system or systems, for example.

{0049} Memory device 554 can be, for example, a solid state drive
(S8D). In the embodiment tllustrated in Figure 5, memory device 204 includes a
physical host interface 556, a number of memories 560-1, 360-2, ., 560-N, and
a controller 558 coupled to physical host interface 556 and memories 560-1,
560-2, .. ., 560-N. Controller 558 can be, for example, an SSD controlier, and
memories 560-1, 560-2, . . ., 560-N can be, for example, solid state memory
devices.

{0050] Memories 560-1, 360-2, .. ., 560-N can include, for example, a
number of non-volatile memory arrays {e.g., arrays of non-volatile memory
cells). For instance, memories 560-1, 560-2, . ., 560-N can include a number of
mermory arrays analogous to three-dimensional memory array 330 previously
described in connection with Figure 3.

{0051} Physical host interface 556 can be used to communicate
information between memory device 554 and another device such as a host 552
Host 552 can include a memory access device, such as a processor. One of
ordinary skill in the art will appreciate that “a processor” can intend a number of

processors, such as a parallel processing system, a number of coprocessors, ete.
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Example hosts can include personal laptop computers, desktop computers,
digital cameras, digital recording and playback devices, raobile phones such as,
for instance, smart phones, PDAs, memory card readers, interface hubs, and the
fike.

{0052 Physical host interface 556 can be in the form of a standardized
physical interface. For example, when memory device 554 1s used for
information storage in computing system 550, physteal host interface 556 can be
a serial advanced technology attachment (SATA) physical interface, a peripheral
component interconnect express (PCle) physical interface, or a umversal serial
bus (USB) physical interface, among other physical connectors and/or interfaces.
In general, however, physical host interface 556 can provide an interface for
passing control, address, information {e.g., data), and other signals between
memory device 554 and host 552 having compatible receptors for physical host
interface 556.

{0053} Controller 558 can include, for example, control circuitry and/or
jogic {e.g., hardware and firmware). Controller 558 can be included on the same
physical device {e.g., the same die) as memories 560-1, 560-2, ., 560-N. For
example, controller 558 can be an application specific integrated circuit (ASIC)
coupled to a printed circuit board including physical host interface 556 and
memories 560-1, 560-2, . . ., 560-N. Alternatively, controller 558 can be
included on a separate physical device that is communicatively coupled to the
physical device that includes memories 560-1, 560-2, . ., S60-N. In a number
of embodiments, components of controller 558 can be spread across multiple
physical devices {e.g., some components on the same die as the memory, and
some components on a different die, module, or board) as a distributed
controller.

{0054} Controller 558 can communicate with memories 560-1, 560-2, ..
., S60-N to sense {(e.g., read), program {e.g., write}, and/or erase information,
among other operations. Controlier 558 can have circuitry that may be a number
of integrated circuits and/or discrete components. For example, controller 558
can include RAIN component 562, as llustrated in Figure 5. RAIN component
562 can include XOR circuitry, and can be configured to calculate error
information {e.g., parity data), including programming and/or sensing data in

stripes across memories 560-1, 560-2, . ., S60-N.
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{0055] For instance, RAIN component 562 can program data to a RAIN
stripe in memories 560-1, 560-2, . ., 560-N, such as, for instance, the RAIN
stripe of memory array 330 and/or RAIN stripes 444-0, 444-1, . . ., 444-8
previously described herein in connection with Figures 3 and 4, respectively.
Further, RAIN component 562 can sense the data stored in the RAIN stripe(s).
The programming and sensing of the RAIN stripe(s) can be performed as tile-
based operations, in accordance with the tile group stair step structure of the
memories previously described herein.

{0056} As an example, RAIN component 562 can detect that a failure has
occurred in one of the tile groups of memories 560-1, 560-2, . . ., 560-N. The
failure may occur due to, for instance, access line to access line shorts and/or
string driver interface shorts, as previously described herein. Upon detecting the
failure, RAIN component can sense the data stored in the RAIN stripe(s), and
recover the data stored in the memory, including the data stored in the tile group
in which the failure occurred, using the sensed data from the RAIN stripe(s).
{0057} The embodiment tllustrated in Figure 5 can include additional
circuitry, logic, and/or components not iHustrated so as not to obscure
embodiments of the present disclosure. For example, memory device 554 can
include address circuitry to latch address signals provided over /O connectors
through VO circuitry. Address signals can be received and decoded by a row
decoders and column decoders, to access memories 560-1, 360-2, . . ., 560-N.
{0058} 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
ordinary skill in the art upon reviewing the above description. The scope of 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 embodiments of the present disclosure should be determined with
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reference to the appended claims, along with the full range of equivalents to
which such claims are entitled.

{6059] in the foregoing Detailed Description, some features are grouped
together iu a single ernbodiment 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;

1. An apparatus, comprising:
a three-dimensional array of memory cells, wherein:

the array includes a plurality of pages of memory cells;

a number of the plurality of pages include a parity portion of a
redundant array of independent NAND (RAIN) stripe; and

the parity portion of the RAIN stripe in each respective page
comprises only a portion of that respective page.
2. The apparatus of claim 1, wherein the three-dimensional array includes a
plurality of groups of memory cells, wherein each respective group includes a

different portion of each respective page of memory cells.

3. The apparatus of claim 1, wherein the three-dimensional array has a stair

step structure.

4, The apparatus of claim 1, wherein a remaining portion of each respective
page of memory cells that includes a parity portion of the RAIN stripe includes

user data.

S. The apparatus of any one of clairus 1-4, wherein the parity portion of the
RAIN stripe in each respective page of memory cells comprises more than one-

fourth of that respective page.

6. The apparatus of any one of claims 1-4, wherein the parity portion of the
RAIN stripe in each respective page of memory cells comprises less than one-

fourth of that respective page.

7. An apparatus, comprising:
a three-dimensional array of memory cells, wherein:
the array includes a plurality of groups of memory cells and a
plurality of pages of memory cells, wherein each respective group includes a

different portion of each respective page;
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a number of the plurality of pages include a parity portion of a
redundant array of independent NAND (RAIN) stripe, wherein each respective
one of the number of pages includes a parity portion of a different RAIN stripe;
and

a size of the parity portion of each different RAIN stripe is less

than a size of the page that includes that parity portion.

8. The apparatus of claim 7, wherein the size of the parity portion of each
respective page of memory cells inchuded in each respective group of memory

cells,

9. The apparatus of claim 7, wherein each RAIN stripe is configured to
provide protection for each of the plurality of groups of memory cells.

10, The apparatus of claim 7, wherein the apparatus includes a plurality of
string drivers, wherein each respective string driver is associated with a different

one of the groups of memory cells.

11 The apparatus of any one of claims 7-10, wherein the parity portion of
each different RAIN stripe is included in a same one of the plurality of groups of

memory cells.

12, The apparatus of any one of claims 7-10, wherein the parity portion of
each different RAIN stripe are included in different ones of the plurality of

groups of memory cells.

13, The apparatus of any one of claims 7-10, wherein the apparatus includes
a controller coupled to the three-dimensional array, wherein the controller
includes a RAIN component configured to:

program data to each RAIN stripe; and

sense data stored in each RAIN stripe.

14. A method of operating memory, comprising
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storing a parity portion of a redundant array of independent NAND
(RAIN) stripe in a first portion of a page of roemory cells in a three-dimensional
array of memory cells; and

storing user data in a second portion of the page.

15, The method of claim 14, wherein:
the parity portion of the RAIN stripe is stored in one-fourth of the page
of memory cells; and

the user data is stored in three-fourths of the page.

16, The method of claim 14, wherein:

the first portion of the page of memory cells is a portion of a first group
of memory cells; and

the second portion of the page of memory cells is a portion of a second

group of mermory cells.

17. The method of any one of claims 14-16, wherein the method includes,
upon a failure occurring in the three-dimensional array:
sensing data stored in the parity portion of the RAIN stripe; and

recovering user data stored in the array using the sensed data.

8. A method of operating memory, comprising;
storing a plurality of redundant array of independent NAND (RAIN)
stripes in a plurality of pages of memory cells in a plurality of groups of memory
cells in a three-dimensional memory array, wherein:
a parity portion of each respective RAIN stripe is stored in each
respective page; and
the parity portion of the RAIN stripe stored in each respective

page is stored in less than all of the page.

9. The method of claim 18, wherein the method includes providing
protection for each of the plurality of groups of memory celis by storing the

RAIN stripes in the plurality of pages of memory cells.
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20. The method of claim 19, wherein providing protection for each of the
plurality of groups of memory cells includes providing protection for all user

data stored in each of the plurality of groups.

21, The method of claim 19, wherein providing protection for each of the
plurality of groups of memory cells includes providing protection for each of the
plurality of groups of memory cells against a failure that may occur in one of the

Sroups.

22, The method of any one of claims 18-21, wherein the method includes
providing protection against an access line to access line short that may occur in
one of the groups of memory cells by storing the RAIN stripes in the plurality of

pages of memory cells.

23, The method of any one of claims 18-21, wherein the method includes
providing protection against a short that may occur at an interface between one
of the groups of memory cells and a string driver associated with that group by

storing the RAIN stripes in the plurality of pages of memory cells,
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