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(57) Abstract: Example implementations relate to a memory
module having a plurality of non-volatile memory dies and a
media controller to mirror data independent of a computing
system. For example, the media controller may receive data
from the computing system, may store the data to a die of a
first subset of the non-volatile memory dies, and may mirror
the data to a die of a second subset of the non-volatile
memory dies. The media controller may mirror the data ac-
cording to a preprogrammed mirroring scheme. The second
subset of the non-volatile memory dies may be unaddressable
by the computing system.
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NON-VOLATILE MEMORY DIk DATA MIRRORING

BACKGROUND
[0001]  Memory modules may be instailed in a computing system. Memory
modules may include volatite or non-volatile memory. Some memory
modules include error checking and correction features {0 mitigate or reduce
read errors that may result in fatal sysiem errors and cause the computing

system {o crash.

Brier DESCRIPTION OF THE DRAWINGS
[0002]  Various examples will be described below with reference o the

following figures.

[0003]  FIG. 1is a block diagram of an example memory module according

to an implementation.

[0004]  FIG. 2A s a block diagram of an example mirroring configuration for

the example memory module of FIG. 1 according to an implementation.

[0005]  FIG. 2B is a block diagram of an example mirroring configuration for

the example memory module of FIG. 1 according to an implementation.

{00067  FIG. 3 is a block diagram of an example memory module according

to an implementation.

{00073 FIG. 4 is a flowchart of an example method for mirroring data to a

non-volatile memory die.

(00081  FIG. §is a flowchart of an sxampie method for recsiving

corfiguration instructions at a memory module.

[0008]  FIG. 6 is a block diagram of an example mamory module that
includes a non-transitory, maching-readable medium encoded with

instructions to mirror data.

(00101 FIG. 7 is a block diagram of an example memory module that
includes a non-transitory, machine-readable medium encoded with

instructions to receive configuration instructions.
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DETAILED DESCRIPTION
(00111 A computing system may include memory for holding data and
instructions. For example, such memory may be dynamic random-access
memory (DRAM) in a dual in-line memory module (DIMM) form factor. Some
data may be affecied by memory errors, and such errors may be the result of
defective or failing memory, overheating, power supply problems, or other
causes. Reading errors may result in fatal computing system errors and may
cause the computing system to crash. Someg memory, including DRAM
DivMMs, may implement error checking or correction functionality, such as

grror-correcting code and double device data corraction.

(00121 Some memory may implement non-volatile memory dies on a
memory module. Non-volatile memory (NVM) may store data persistently for
refrieval even aflter power 1o the non-volatile memory has been cycled,
whereas by contrasi, volatile memory (including DRAM) maintains its data
only while it is powered. Owing to the persistent property of non-volatile
memory, it may be useful for the non-volatile memory o have a high level of
robustness and reliability. For example, it may be desirable for non-voiatile
memory 1o mitigate data errors so that a computing system can have
continued access {o persistent data stored on non-volatile memory.  As will
be described herein, a non-volatile memory module with inherent or built-in

redundancy may provide a high level of robusiness and reliability.

{00131  Referring now to the figures, FIG. 1 is a block diagram of a memory
module 100 according 1o an example implementation. The memory module
100 may include a plurality of non-volatile memaory dies (e.g., 102-1 through
102-N; also referred to as NVM dies), an inlerface 104, and a media conirdller
108, In some implementations, the interface 104 may be for communicating
with @ memory bus 110 of a computing system 112. For example, the
interface 104 may be compliant with a specification, such as a Double Dats
Rate (DDR) specification (e.g., DDR, DDR2, DDRS, DDR4, elc.) or other
specification and, the form faclor of the memory module 100 may be a single

inling memory module (SIMM), dual inline memory module (DIMM), or other
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form factor. In some implementations, the memory module 100 may be or
form part of a system memory of the computing system 112, For exampls,
the memory module 100 may be installed in the compuling system 112, In
some implementations, the compuling system 112 may be a server, a deskiop
comptler, a deskiop computer, a workstation, a laptop computer, or the like.
In some implementations, the memory module 100 may be enclosed in a

chassis of the computing system 112,

{00141  In some implementations, the NVM dies 102-1 through 102-N may
include flash memory {e.g., NAND type or NOR type). Insome
implementations, flash-type NVM dies may be coupled 1o dynamic random
access memory {DRAM) also residing on the same memory module 100, In
some implementations, the NVM dies 102-1 through 102-N may include
phase change memory. In some implementations, the NVM dies 102-1
through 102-N may include spin-iransfer forque memory. in some
implementations, the NVM dies 102-1 through 102-N may include resistive
random-access memaory (also referred to as memristor memory). Other types
of persistent or non-volatile memory may be implemented for the NVM dies
102-1 through 102-N. A total capacity of the memory module 100 {e.q., as
measured in gigabytes, etc.) may be a function of the quantity of NVM dies

and a memory densily of the NVM dies included in memory module 100.

{00151 The media controller 106 may include a series of instructions
encoded on a machine-readable storage medium and exacutable by a
processor. For example, the processor may be a microprocessor, an
application-specific integrated circuil, a field programmable gate array, and/or
ather hardware device suitable for retrieval and/or execution of instructions.

In some implementations, the media coniroller 106 itself may be or include the
processor. Additionally or alternatively, the media coniroller 106 may include
one or more hardware devices including electronic circuitry for implementing

functionality described herein.

(001681  The media controller 106 may receive dala 120 over the interface
104 addressed to a first subset 130 of the plurality of NVM dies 102-1 through
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102-N. For example, a processor or a memory confroller of the computing
system 112 may address the data 120 to the first subset 130 and may
communicate the data o the interface 104 over the memory bus 110, In
some implementalions, the first subsetl 130 includes al least one NVM dis. In
the example iliustrated in FIG. 1, the first subset 130 may include NVM dies
102-1, 102-2, through 102-(N/2}. The media controlier 106 may slore the data
120 1o a die of the first subset 130.

{00171 The media controller 166 may mirror (L.e., duplicats or copy) the
data 120 to a die of a second subset 132 of the plurality of NVM dies 102-1
through 102-N according to a preprogrammed mirroring scheme. In the
example flustrated in FIG. 1, the second subset 132 may include NVM dies
102-(N/2+1), 102-(N/2+2), through 102-N. In some implementations, the
sacond subset 132 includes at least one NVM die. In some implemeniations,
the second subset 132 may be unaddressable by the computing system 112,
while all NVM dies 102-1 through 102-N are addressable by the media
controller 106 {e.g., for mirroring data). For exampie, for a memory module
100 that is split inlo two subsets (e.g., the first subset 130 and the second
subset 132), the memory module 100 may appsar to have half the capacity of
the actual total capacity of the NVM dies 102-1 through 102-N included on the
memory module 100, from the viewpoint of the computing system 112 (more

particularly, from the viewpoint of a basic input/output system (BIOS), a

are interface (URHY, a kernel, an operating system,
an application, or the like, of the computing system 112). Additionally, the
computing system 112 {or more particularly, a processor or a memory
controlier thereot), may only be able to physically address the NVM dies of the
first subset 130.

[0018]  As described above, the media coniroller 106 may mirror the data
120 according to a preprogrammed mirrering scheme. For example, the
preprogrammed mirroring scheme may include, for example, a direct mapping
of a memory address in the first subset 130 o a memory address in the

second subsel 132, To illustrate, an address on NVM die 102-1 may be
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mapped 1o an address on NVM die 102-(N/2+1), an address of NVM die 102-
2 may be mapped {0 an address on NVM die 102-(N/2+2), an address on
NVM die 102-3 may be mapped {0 an address on NVM die 102-N, and the
fike, although different preprogrammed mirroring schemes also may be
implemented. In some implementations, the preprogrammed mirroring
scheme may be deemed preprogrammed by virtue of being intrinsic {o the
elecironic circuitry (e.g., being hard-wired) or lo the encoded instructions (s.g.,
being hard-coded) inciuded on the media coniroller 106. In some
implementations, the preprogrammed mirroring scheme may be desmed {0 be

a factory defaull.

(0019 in some implementations, the media coniroller 106 may mirror data
to a number of subsels of the plurality of non-volatile memory dies 102-1
through 102-N. The number of mirror subsels may be an aspect of the
preprogrammed mirroring scheme. For example, as described above, data
may be mirrored to one subset (namely, the second subset 132} in a dual-
mirroring configuration. As another implementation, FIG. ZA jllusirates an
example of memory module 100 where the data 120 may be stored to a first
subset 210 (which includes NVM die 102-1 and 102-2) and mirrored fo two
different subsets of NVM dies, namely a second subset 212 {including NVM
dies 102-3 and 102-4) and a third subset 214 {including NVM dies 102-5 and
102-6). The example of FiG. 2A may be deemed a triple-mirroring
configuration. As another implementation, FIG. 2B illustrates an example of
memory module 100 where the data 120 may be stored o 2 first subset 210
{which includes NVM die 102-1 and 102-2) and mirrored to three different
subsets of NVM dies, namely a second subset 212 (including NVM dies 102-3
and 102-4), a third subset 214 (including NVM dies 102-5 and 102-6), and a
fourth subsel 216 (including NVM dies 102-7 and 102-8). The example of
FIG. 2B may be deemed a quad-mirroring configuration. 1t should be
understood that the foregoing examples are non-limiting filustrations, and
different varialions (e.g., number of subsets, number of NVM dies per subset,

ete.} of mirroring configurations may be implementad.
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{00201 Referring again to FIG. 1, the media controlier 108 may mirror the
data 120 independent of the computing system 112, For example, the media
controller 106 may mirror the data 120 independent of (i.e., without
involvement from) components of the computing system 112 such as a
processor (8.9., central processing unit), a memaory controfler, BIOS, UEF!, a
kernel, an operaling system, or applications. For example, the media
controlier 106 may mirror the data 120 independent of the computing system
112 by virtus of the preprogrammed mirroring scheme described above.
Accordingly, by virtue of the media controller 106 including a preprogrammed
mirroring scheme and being capable of mirroring the data 120 independent of
the computing system (in addition {o the second subset being unaddressable
by the computing system 112}, the memory module 100 may store data 120 in
non-volatiie memory with persistence and reliability in a manner that is
invisible to the computing system 112, and moreover, may be backwards
compatible with a computing system 112 having an older generation

architecture.

(00217  Insome implementations, the mirroring of data 120 by the media
controlier 106 may be deemed analogous 1o a RAID-1 (Redundant Array of
Inexpensive Disks) configuration in many respecis. In some implementations,
if the media controller 106 delects an error or failure of an NVM die in either
the first subset 130 or the sacond subset 132 {e.q., via error checking
routines), the media controller 108 may respond to a read request from the
computer system 112 by refrieving redundant, mirrored data from the second
subset 130 or the first subset 132, respectively. Accordingly, in some
instances, the computing system 112 may continue o access data persisting
on the memory module 100, thus reducing the probability of fatal errors of the
computing system 112. Moreover, by virtue of dividing NVM dies 102-1
through 102-N info the first subset 130 and the second subset 132, the media
controller 106 may compensate for a failure of an NVM die in one subset by
reading/writing {without redundancy or mirroring) to a corresponding NVM die
in the other subset. In some implementations, the memory module 100 may

communicate its failure to the computing system 112, gven though the
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memory module 100 is able to utilize mirrored data and operational NVM dies,
and the computing system 112 may offer a user an option o continue or
safely shut down for replacement of the memory module 100, In this manner,
a user may extend the time to replace the memory moduie 100 by operating

the memory module 100 without mirroring for NVM dies that have failed.

[0022] in some implementations, the media controller 108 may stripe the
data 120 across NVM dies of the first subset 130. That is, data 120 may be
sphit up into biocks, and the media condroller 108 may write each of the blocks
to different NVM dies of the first subset 130, In some implementations, the
data 120 is initially ransmilted by the computing systermn 112 (o the memory
module 100 across the memory bus 110 in regularly-sized chunks {e.q., a 64-
bit computing systermn 112 may transmit 64 bits al a ime across the memory
bus 110), and the media coniroller 106 may further divide those regulariy-
sized chunks of data 120 based on the number of NVM dies in the first subset
130. In some implementations, the data 120 may be divided evenly between
the NVM dies in the first subset 130, To iliustrate, if there are eight NVM dies
in total on the memory module 100 (N=8, such that 102-N is 102-8), with four
NVM dies in the first subset 130 (e.q., 102-(N/2) is 102-4), the media
controlier 1068 may divide a 84-bit chunk of data 120 into four squal 16-bit
blocks and write each of those four 16-bit blocks 0 a different one of the NVM
dies of the first subset 130 (102-1 through 102-4). in some implementations,
the striping of data 120 by the media controlier 106 in this manner may be
deemed analogous 1o a RAID-0 configuration in many respects. In some
implementations, the data 120 as striped across the first subset 130 may also
be mirrored to the second subset 132 {in the same slriping configuration), in a
manner that may be deemed analogous in many respects {0 a RAID-01

configuration.

{00231 In some implementations, the media controller 106 may generate
parity data {(or parity checksum) based on dala striped across NVM dies of the
first subsel 130. For example, if data 120 is recelved in chunks (such as 64-
bit chunks) and the first subset 130 includes (N/2) number of NVM dies, the
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media confrolier 106 may siripe dala 120 in evenly-divided blocks across (N/2
- 1) number of the NVM dies of the first subset 130 and store the parity dala
on the remaining NVM die. in some implementations, the media controlier
106 may include an XOR engine (e.g., in the form of machine-readable
instructions) to calculats, as the parity data, the XOR of the striped biocks of
data 120. In some implementations, the NVM die to which parity data is
writien varigs over time {e.g., Tor different 64-bit chunks of the data 120). In
some implementations, generation of parity information with the striped data
120 by the media coniroller 106 in this manner may be deemed analogous o

a RAID-5 configuration in many respedcis.

(00241  FIG. 3 is a block diagram of 2 memory module 300 according to an
example implementation. Memory module 300 may include NVM dies 302-1
through 302-N, and each of the NVM dies 302-1 through 302-N may include
flash memory, phase change memory, spin-transfer torgue memaory, resistive
random-access memory (memristor memaory), or other types of persistent or
non-volatiie memory. As will be described further herein below, the NVM dies
302-1 through 302-N may be logically deemed part of a subset of the plurality
of NVM dies, such as a first subset, a second subset, or the like, for the
purposes of describing a mirroring functionality. As with the memory module
100, a total capacity of the memory module 300 may be a function of the
guaniily of the NVM dies 302-1 through 302-N and a memory density of the
NVM diegs 302-1 through 302-N included in the memory module 300.

[0025] In some implementiations, the NVM dies 302-1 through 302-N may
be organized into physical NVM die packages (e.g., 303-1 through 303-M).
For example, an NVM die package may include one NVM die, two NVM dies,
guad NVM dies, or other configurations. The example llustrated in FIG. 3
shows but ong implementation of two NVM dies in a package (e.g., NVM die
package 303-1 may include two NVYM digs 302-1, 302-2}.

(00267  The memory module 300 may inciude an interface 304 for
communicating with a memory bus 310 of a computing system 312, The

interface 304, memaory bus 310, and computing sysiem 312 may be
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analogous in many respects o the interface 104, memory bus 110, and
computing system 112 of FIG. 1. The mamory module 300 also may include
a media controller 366, The media controller 308 may be analogous {0 the
media controller 106 of FIG. 1 in many respects. The media coniroller 306
may include a series of insiructions encoded on a machine-readable storage
medium and executablie by a processor {e.g., 2 nHcroprocessor, an
application-specific integrated circult, a fisld programmable gale array, and/or
other hardware device suitable for retrieval and/or execution of instructions).
Additionally or alternatively, the media controller 306 may include one or more
hardware devices including electronic circuilry for implementing functionality
describad herein. As with media controlier 106, the media controlier 3086 may
receive data 320 over the interface 304 addressed to a first subset of the
plurality of NVM dies 302-1 through 302-N, may store the data 320 to an NVM
die of the first subset, and may mirror the data 320 o a die of a second subset
of the plurality of NVM dies 302-1 through 302-N. The media controller 306
may mirror the data 320 according {o a preprogrammed mirroring scheme,

independent of the computing system 312.

(00271 In some implementiations, the NVM die of the first subset to which
data 320 is stored and the NVM die of the second subset {o which data 320 is
mirrored may be in the same NVM package. In other implementations (as is
Hlustrated in FIG. 2}, NVM digs of the first subset {e.g., 330) are included in
different NVM packages than the NVM dies of the second subset {e.g., 332).
Accordingly, the NVM die of the first subset 330 {o which the data 320 is
stored is included in a different NVM die package than the NVM die of the
second stibsst 332 to which the data 320 is copled. For exampleg, as
fHlustrated in FIG. 3, a first subset 330 may include atl ieast one NVM die
package 303-1 through 303-(M/2), which includes the NVM dies 302-1
through 302-(N/2), while the second subset 332 may include at least one
NVM die package 303-(M/2+1) through 303-M, which includes NVM dies 302-
(N/Z2+1) through 302-N. To illustrate, data stored into the NVM die 302-1 of
the NVM die package 303-1 may be mirrored info the NVM die 302-(N/2+1) of
the NVM dig package 303-(N/2+1). By virtue of the first subset 330 including
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different NVM die packages (and therefore different NVM dies) than the
second subset 332, the memory module 300 may provide data redundancy

that may be robust {o failures of individual NVM die packages.

(00281  In some implementations, the memory module 300, or the media
controlier 308, may transmit or make avallable an identification 322 that
indicates an architecture of the pluralily of non-volatile memory dies 302-1
through 302-N {or more generally, the architecture of the memory module
300). For example, the architeciure information may relate {0 a quantity of the
NVYM dies 302-1 through 302-N, a capacity of the NVM dies 302-1 through
302-N, a quantily of the NVM die packages 303-1 through 303-M,
grganization of the NVM dies 302-1 through 302-N into NVM die packages
303-1 through 303-M, or the like. In some implementations, the identification
322 may be a Stock Keeping Unit (SKU) or manufacturer part number of the
memory module 300, and a different identification 322 may be assigned fo
each different architecture of memory module 300 {e.q., different capacities,
different arrangements and capacities of NVM dies, elc.). In some
implementations, the identification 322 may be encoded in Serial Presence

Detect data of the memory moduie 300,

(00201 In some implementations, the identification 322 may be ransmitiad
by the memory module 300 {0 a memory managsr 314 instalied on the
computing system 312. The memory manager 314 may be, for example a
firmware (such as BIOS or UEF1), a kernel, an operating system, an
application, or the like (the foregoing examples may be understood o be
instructions stored on a non-transitory machine readable medium and
executable by a processor). In some implementations, the memory manager
314 may interpret the identification 322 (e.g., via a lockup table or the like) to
determine the architecture of the associated memory module 300, and may
present memaory module configuration options based on the identification {or
the determined archileciure) (o a user, via a display connecled to the
computing system 312 for example {(not shown). In some implementations,

the manufacturer of the memory moduie 300 may provide an exdended
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feature pack for BIOS or UEF! or the like 1o modify or replace an axisting
memory manager 314 and 1o enable the computing system 312 {o recognize
the identification 322 and present the relaled memory module configuration
options. The memory module configuration oplions may relate o redundancy
modes that the media controller 306 may implement within the memory
module 300, in addition to the preprogrammed mirroring scheme. For
example, such redundancy modes may include mirroring modes, striping
modes, or parity modes, which will be described further herein below. In
soms implementations, the memory module configuration options presented
by the memory manager 314 to the user may vary depending on the
architecture of the memory module 300. For example, the memory manager
314 may only present a triple-mirroring contfiguration option if the number of
NVM dies 302-1 through 302-N is divisible by three. The memory manager
314 may receive a user selection from among the presented memory module
configuration oplions, and may fransmit corresponding configuration
instructions over the memory bus 310 to the memory module 300. For
example, the configuration instructions may be instructions {o the memory
maodule 300 to mirror data, stripe data, or generate parity data on the plurality
of NVM dies. The media controller 308 of the memory module 300 may

receive the configuration instructions via the interface 304,

{00307 Examples of redundancy modes thai the media controller 306 may
implement in response to configuration instructions from the memory manager
314 will now be describad. In an example redundancy mode, the
configuration instructions may instruct the media controller 1086 o mirror the
data 320 to a number of subsets of the plurality of non-volatile memory dies
302-1 through 302-N, and the number of subsels may be a user-seleciable
via memory manager 314, For example, in a manner similar to that described
above with respect to FIGS. 2A and 2B, the number of subsets may be two for
a triple-mirroring configuration, three for a guad-mirroring configuration, and
so on. in ancther example redundancy mode, the configuration instructions
may instruct the media controlier 306 {o stripe the dala 320 across NVM dies

302-1 through 302-(N/2) of the firsi subset 330 in a manner analogous o that
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described above with regards o media controller 106 of FIG. 1. Similarly, the
media controlier 306 may also stripe the data 320 across NVM die packages
303-1 through 303-(Mi2) of the first subset 330 in some implementations. in
another example redundancy mode, the configuration instructions may
instruct the media controller 306 to sirips the data 320 across the NVM dies
302-1 through 302-(N/2) of the first subset 330, and mirror the striped data
320 to the NVM dies 302-(N/2+1) through 302-N of the second subset 332,
which may be deemed analogous 10 a RAID-01 configuration in many
respects. In another example redundancy mode, the configuration
instructions may instruct the media controller 306 o organize the plurality of
NVM dies 302-1 through 302-N into a number of subsets, gach subset
including a pair of mirored NVM dies, and {o stripe the data 320 across the
number of subsels. This foregoing redundancy mode may be desmed
analogous to a RAID-10 configuration in many respecis. In another exampie
redundancy mode, the configuration instructions may instruct the media
controller 306 to generate parity data (e.g., RAID-5} in a manner similar {o that
described above with respect o the media controller 108 of FIG. 1. It should
be understood that some of the foregoing redundancy modes may be
combinad or nested o provide different levels of data protection and fault

tolerance.

{00311 FIG. 4 is a flowchart of an example method 400 for mirroring data to
a non-volatile memory die. Method 400 may be described balow as being
executed or performed by a media controller of a memory module, such as
the media controller 106 of the memory module 100 described above with
respect o FIG. 1. Various other media controliers may be used as well, such
as, for example, the media coniroiler 308. Method 400 may be implemented
in the form of executable instructions stored on a machine-readable storage
medium and executed by at least ong processor of the media confroller 106,
and/or in the form of electronic cirguitry. In some implementations of the
present disciosure, one or more biccks of method 400 may be executed
substantially concurrently or in a different order than shown in FIG. 4. In

some implementations of the preseni disclosure, method 400 may include
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more of less blocks than are shown in FIG. 4. In some implementations, one
or more of the blocks of method 400 may, at certain times, be ongoing and/or

may repeat.

(00321  The method 400 may begin at block 402, and continue to block 404,
where the media controller 106 {(of the memory module 100) may receive data
from a computing system in which the memory module 100 is installed. At
biock 406, the media controller 106 may store the data received atl block 404
to a die of a first subset of a plurality of non-volatiie memory dies of the
memory module 100, At block 408, the media controlier 1068 may mirror the
data received at block 404 10 a die of a second subset of a plurality of non-
volatile memory dies of the memory module 100, according to a mirroring
scheme preprogramimed in the media controller 106, The mirroring performed
by the media confroiler 106 at block 408 may be performed independently of
(e.g., without utilizing execution cydles of, or without intervention from) the
computing system. The second subset may be unaddressable by the
computing system. Additionally, the non-volatile memory dies of the memory
module may be organized info non-volatile memory die packages, and the die
of the first subset and the die of the second subsel may be included in
different non-volatile memory die packages (see e.g., the memory module
300). At block 410, the method 400 may end.

{00331 FIG. 8 is a flowchart of an example method 500 for receiving
configuration instructions at a memory module. Method 500 may be
described below as being executed or performed by a media confroller of a
memaory module, such as the media coniroller 306 of the memory module 300
described above with respect to FIG. 3. Various other media controllers may
be used as well, such as, for exampie, media controller 106. Method 500 may
be implemented in the form of executabls instructions stored on a machine-
readable storage medium and exscuied by at least one processor of the
media controller 308, and/or in the form of elecitronic circuitry. In some
implementations of the present disclosure, one or more blocks of method 500

may be executed substantially concurrently or in a different order than shown
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in FIG. 5. In some implementations of the present disclosure, method 500
may include more or less blocks than are shown in FIG. 5. In some
implemeniations, one or more of the biocks of method 500 may, at cerlain

times, be ongoing and/or may repeat.

{00347 The method 500 may begin at block 502, and continue to block 504,
where the media controller 308 may receive configuration instructions o
mirror data, siripe data, or gengrate parity data on a plurality of NVM digs of
the memory module 300. The configuration instructions may be recsived by
the media coniroller 306 from a memory manager installed on a computing
system {e.g., 8 computing system where the memory module 300 may be
installed). In some implementations, the memory manager may present
memory module configuration options to a user based on an identification
provided by the memory moduie 300 that indicates (o the memory manager
an architecture of the plurality of NVM dies of the memory module 300, Al
block 506, the madia controller 306 may stripe data across NVM dies of a first
subset of the plurality of NVM dies. In some implemeniations, the dala may
be data that is received al the media controller 306 from the computing
system. For example, method 500 may be performed afier block 404 of
method 400, and the dala may be received at block 404. Al block 508, the
media confroller 306 may generale parity data based on dala slriped across
NVM dies of the first subset, such as, for exampls, the data striped across the
NVM dies of the first subset at block 508. In some implementations, the parity
data may be generaled by applying an XOR operation {o the striped data. In
some implementations, the parity dafa may also be stored on the NVM dies of
the firsi subset. Af block 510, the method 500 may end.

[0035]  FIG. 6 is a block diagram illustrating a memory module 600 that
includes a machine-readable medium encoded with instructions to mirror data
to non-volatile memory diss according o an exampls implementation. In
some implementations, the memory module 800 may serve as or form part of
the memory module 100 of FIG. 1. In some implemeniations, the memory

module 800 may include at least one controller 8G2 coupled to a machine-
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readable medium 604. The controlier 602 may include a single-core
processor, a multi-core processor, an application-specific integrated circult, a
field programmable gatle array, and/or other hardware device suitable for
refrieval and/or execution of instructions from the machine-readable medium
804 {e.g., instructions 806, 808, 610} o perform functions related to various
examples. Additionally or alternatively, the controller 802 may include
electronic circultry for performing the funclionalily described herein, including,
but not imited to, the functionality of instructions 606, 808, and/or 610, With
respadct o the executable instructions representad as boxes in FIG. 6, it
should be understood that part or all of the executable instructions and/or
electronic circuits included within one box may, in alternale implementations,
be included in a different box shown in the figures or in a different box not
shown. In some implementations, the controller 602 and the machine-
readable medium 804 may be or form part of the media controller 106 of FIG.
1. In some implementiations, the memory module 800 may include a plurality
of NVM dies 605, which may be coupled to the controller 802, In some
example implementations, the memory module 600 may be installed in and in

communication with a computing system 850,

[0038] The machine-readable medium 604 may be any medium suilable
for storing executable instructions, such as random access meamory {RAM),
electrically erasable programmable read-only memory (EEPROM), flash
memory, hard disk drives, optical discs, and the like. In some example
implementations, the machine-readable medium 604 may be a tangible, non-
transitory medium, where the term “non-transitory” does not encompass
fransitory propagating signals. As described further herein below, the
machine-readable medium 604 may be encoded with a set of execulable
instructions 8086, 608, 610.

{00371 Instuctions 6068, when executed by the controller 802, may receive
data at the memory module 800 from a computing system 650 in which the
memory module 600 is installed. Instructions 608, when executed by the

controlier 802, may store the data received by instructions 606 o a first
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subset of the plurality of non-volatile memory dies 605 of the memory module
800. Instructions 810, when executed by the controller 802, may mirror the
data received by instructions 806 10 2 number of subsels of the plurality of
nor-volatile memory dies 8605 that are different from the first subsel, according
to a preprogrammed mirroring scheme and independently of the computing
system 650. The number of subsets may include one subset for a dual-
mirroring configuration, two subsets for a triple-mirroring configuration, three
subsets for a quad-mirroring configuration, or the like. For example, the
preprogrammed mirroring scheme may include a direct mapping of memory
addresses in the first subset to memory addresseas in the other subsets and
also may include the number of subseis {0 which dala is mirrored. The
preprogrammed mirroring scheme may be preprogrammed by virtue of being
included in the machine-readable medium 804, in some implementations. In
some implementations, the mirrored subsets are unaddressable by the
computing system. In some implementations, the NVM digs 805 may be
organized into NVM die packages, and dies that contain corresponding

mirrored data are included in different NVM die packages.

[0038]  FIG. 7 is a block diagram #llustrating a memory module 700 that
includes a machine-readable medium encoded with example instructions {o
receive configuration instructions. The memory module 700 a controller 702
and a machine-readable medium 704, which may be analogous in many
respacts to the controller 602 and the machine-readabie medium 604,
respectively. The machine-readable medium 704 may be encoded with a set
of executable instructions 706, 708, 710. Addilionally or alternatively, the
controlier 702 may include electronic cirguitry for performing the functionality
described herein, inciuding, but not limited to, the funclionality of instructions
706, 708, and/or 710. The memory module 700 may also include a plurality of
NVM digs 705, which may be coupled 1o the controller 702, In some
implemeniations, the memory module 700 may be installed in and in

communication with a computing system 750.
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{00381  Instructions 706, when executed by the controlier 702, may provide
an identifier o a memory manager installed on the computing system 754, the
identifier indicaling to the memory manager an architecture of the plurality of
NVM dies 705, For example, the architeclure may relate to a quantity of the
NVM dies 705, a capacity of the NVM dies 705, organization of the NVM dies
705 inio NVM die packages, or the like. Instructions 708, when execuled by
the controller 702, may receive configuration instructions (from the memory
manager of the computing system 750) {0 mirror data, siripe dala, or generate
parity data to the plurality of NVM dies 705 of the memory module 700, In
some implementations, the configuration instructions may be related {0 a user
selection from among memory module configuration options presented {o the
user, the oplions being based on the architecture indicated by the identifier
provided by instructions 706. For exampie, the memory module configuration
options may be to mirror dala across a selectable number of mirrored
subsets, to siripe data, to generale parity data, or a combination thereof.
Instructions 710, when executed by the controller 702, may stripe data across
dies of a first subset of the plurality of NVM dies 705, For example, the data
to be striped by instructions 710 may be initially received by the memory
module 700 from the computer system 750 {e.g., by a controlier exscuting
instructions 8086 as described above). Instructions 712, when executed by the
controlier 702, may generate parily data based on data as siriped across diss
of the first subset of the plurality of NVM dies 705 {e.g., data striped by
instructions 710). For example, instructions 712 may include instructions {o

perform an XOR operation on the striped data to generate the parily data.

(00401 In view of the foregoing description, it can be appreciated that a
high level of reliability may be achieved for an NVM-based memory module on
a memory bus of a computing system, by virtue of mirroring data within the
memory module according o a preprogrammed mirroring scheme. Mirroring
data within the memory module may increase mean-time between failure of
NVYM-based memory modules and reduce the probability of fatal system
errors resulting from memory read errors. Additionally, by virtue of the

memory module mirroring data independently of the computing system in
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which it is insialled, such reliability may be achigved with minimal user
configuration and minimal performance impact to the computing systen.
Moreover, by virtue of receiving configuration insfructions, the memory
module may provide advanced redundancy features in addition to the
preprogrammed mirroring schems, if so desired by a user ¢of the computing

system.

{00413 in the foregoing description, numserous details are set forth o
provide an understanding of the subisct matter disclosed herein. However,
implementation may be practiced without some or ali of these delails. Other
implementations may include modifications and variations from the delails
discussed above. ltis intended that the following claims cover such

modifications and variations.
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We claim;

1. A memaory module comprising:
a plurality of non-volatile memory dies;
an interface for communicating with a memory bus of a
computing systemy; and
a media confroller to:
receive data over the interface addressed to a first subset
of the plurality of non-volatile memory dies,
store the data to a die of the first subset, and
mirror, independent of the computing system, the data {o
a die of a second subset of the plurality of non-volatile memory dies according
to a preprogrammed mirroring schems, wherein the second subset is

unaddressable by the computing syslem.

2. The memory module of claim 1, wherein the preprogrammed
mirroring scheme includes a direct mapping of memory addresses in the first
subset o memory addresses in the second subset, the direct mapping being

intrinsic to the media conirolier.

3. The memory module of claim 1, wherein the media controlier is

to stripe the data across dies of firsi subset.

4. The memory module of claim 3, wherein the media controlier is

o generale parily data based on the data striped across dies of first subset.

§. The memory moduie of claim 1, wherein the non-volatile
memory dies are organized into non-volalile memory die packages, and the
die of the firsi subset and the die of the second subset arg included in

different non-volatile memory die packages.
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6. The memory madule of claim 1, wherein the non-volatile _
memory dies are organized into non-volatile memory die packages, and the
die of the first subset and the die of the second subset are included in a same
non-volatile memory die package.

7. The memory module of claim 1, wherein the media controller is
to mirror the data to a number of subsets of the plurality of non-volatile
memory dles, the hnumber of subsets including two subsets for a triple-
mirroring configuration and three subsets for a quad-mirroring configuration,
and the subsets to which data Is mirrored are unaddressable by the
computing system.

8. The memory module of claim 1, whersln the media controller is
to receive configuration instructions to mirror data, stripe data, or generate
parity data on the plurality of non-volatile memory dies, the configuration
instructions being received by the media controller over the interface from a
memory manager installed on the computing system that presents memory
module configuration options to a user based on an identification from the
memory module that indicates to the memory manager an architecture of the
plurality of non-volatile memory dies.

9. A method comprising:

receiving data at a media controller of a memory module from a
computing system in which the memory module is installed;

storing, by the media conttolier, the received data to a die of a
first subset of a plurality of non-volatile memory dies of the memory module;
and

mirroring, by the media controller, the received data to a die of a
second subset of a plurality of non-volatile memory dies of the memory
module, according to a mirroring scheme praprogrammed in the media
controller and independently of the computing system,

RECTIFIED SHEET (RULE 91) ISA/KR
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wherein the second subset is unaddressable by the computing
system, and

wherein the non-volatile memory dies are organized into non-
volatile memory die packages, and the die of the first subset and the die of the

second subset are included in different non-volatile memory die packages.

10, The method of claim 9, further comprising striping, by the media

controlier, the received dala across dies of the first subset.

11, The method of claim 10, further comprising generaling, by the
media conirolier, parity data based on data striped across dies of the first

subset.

12.  The method of claim 8, further comprising receliving, at the
meadia controller, configuration instructions {0 mirror data, siripe data, or
generate parity data on the plurality of non-volatile memory dies, the
configuration instructions being received from a memory manager instailed on
the computing system that presents memory module configuration options to
a user based on an identification provided by the memory module that
indicates to the memory manager an architecture of the plurality of non-

volatile memory dies.

13. A non-transitory machine readable medium, storing insiructions
execuiable by a controlier of a memaory module, the non-transitory machine
readable medium comprising:

instructions to receive data at the memory module from a
computing system in which the memory module is installed;

instructions (o store the received dala to a first subset of a
piurality of non-volatile memory dies of the memory module; and

instructions to mirror the received data {0 a number of subsets of
the plurality of non-volatile memory dies different from the first subset,

according to a preprogrammed mirroring scheme and independently of the
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computing system, the number of subsets including one subset for a dualk-
mirroring configuration, two subsets for a iriple-mirroring configuration, or
three subsets for a quad-mirroring configuration,

wherein the mirrored subsets are unaddressable by the

computing system.

14, The non-transitory machine readable medium of claim 13,
further comprising:
instructions {o stripe the received data across diss of the first
subset; and
instructions {0 generale parity data based on data as siriped

across dies of the first subset.

15, The non-transitory machine readable medium of claim 13,

further comprising

instructions {o provide an identifier to a memaory manager
installed on the computing system, the identifier indicating to the memory
manager an architeciure of the plurality of non-volatile memory dies; and

instructions to receive, from the memory manager, configuration
instructions to mirror dala, siripe data, or generate parity data o the plurality
of non-volatile memory dies of the memory module, the configuration
instructions being related to a selection from among memory module

configuration oplions presented to a user based on the indicated archilecture.
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