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(57) Abstract: A method for remapping a memory location in a memory array
is described. The method includes receiving, by a memory manager, an iden-
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tification of a first memory location in a memory array that is to be remapped
using a remapping procedure performed by a memory manager. The remap-
ping procedure includes selecting a second memory location to store data in-
tended for the first memory location. The procedure also includes writing, in
the first memory location, a pointer to the second memory location.
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REMAPPING MEMORY LOCATIONS IN A MEMORY ARRAY

BACKGROUND

1060117 Memory die manufacturers benefit from having high yield rates. Yield
rates indicate the percentage of blocks that are manufactured that can be used
by custormers. Memory dies may not use bad memory blocks, so as (o ensure
the memory die maintains data integrity. To achieve higher vield rales, mamory
die manufacturers {est memory dies to discover bad memory blocks. When a
had memory block is identified, the bad block may be replaced with an

additional memory block manufactured into the memory die.

BRIEF DESCRIPTION OF THE DRAWINGS

(60021 The accompanying drawings illustrate various examples of the
principles described herein and are a part of the specification. The examples do
not limit the scope of the claims.

106831 Fig. 1 is a diagram of a sysiem for remapping memory locations in a
memory array according (o one example of the principles described herain.
1080641 Fig. 2 is a flowchart of a method for remapping memory localions in a
memaory array according (o one example of the principles described hersin.
(86851 Fig. 3 is a flowchart of another method for remapping memory
iocations in a memory array according to one example of the principles
described herein.

100067  Fig. 4 is a diagram of a number of memory dies thal include
remapped memory locations and remapped memory blocks according o one

example of the principles described herein.
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08671  Fig. 5is a diagram of a memory manager for remapping memory
focations in in a memory array according (o one exampile of the principles
described herein.

108081 Fig. © is a diagram of a memory manager for remapping memaory
locations in a memaory array according 1o one example of the principles herein.
80091  Throughout the drawings, identical reference numbers designate

similar, but not necessarily identical, elemenis.

DETAILED DESCRIPTION

80101  Memory blocks are used o store data. A number of memory blocks
may be positioned on a memory die. During manufacturing a number of
memory blocks within a memory die may be “bad” due to the manufaciuring
process. Memory dies may not use bad memory blocks, so as (o ensure the
memory die maintains data integrity. Accordingly, mamory die manufacturers
may include a number of spare memory resources such that a memory die may
have sufficient memory blocks {o operate as adverlised.

081411 To this end, manufacturing companies may test memory dies to
discovery memory blocks that contain manufaciuring defects. A memory die
that fails a manufacturing test may notl be used, since the failure in the memory
die may resull in inconsistent data storage. To account for the “bad” memory
blocks, manufacturers may design dies to have additional memory resources
available, in order to replace memory blocks within a memory die that have
failed. When the manufacturer detects a fallure error in a memory block, the
additional resources may be used o replace the bad memory block., While such
testing may reduce the negative impact of "bad” memory allocations, these tesis
may include some inefficiencies.

(66121 Forexample, the lesting may be performead at a course granularity.
Accordingly, the additional resources may be relatively large, and may be used
in replacing large memory blocks of the manufactured die. Such coarse
granularily may lead to wasted memory space. For example, when a memory

block has a relatively small failure, such as a single bit failure, the entire
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memary block may be replaced. In other words, a number of memory bits that
have not failed, and may otherwise be used o store dala, may be replaced due
to the failure of a single memory bit. Accordingly, even small failures, such as
single bit failures, encourage manufacturers (o implement extra data capacity to
handle the failures.

80131 Sl further, replacing large portions of the memory die with additional
resources may increase the cost to manufaciurers as greater amounts of
additional resources may be used. in some cases, manufacturers may also
have higher rates of dies that may not pass testing, because there are not
enough additional resources to account for the number of errors experienced on
a memory die.

180141  In light of these and other complications, the systems and methods
presented in this disclosure allow for a more efficient remapping of memory
locations in a memory array. More specifically, the systems and methods
disclosed herein allow a memaory tester (o remap larger memaory blocks while
allowing a memory manager, using a remapping procedure, 1o remap smailler
memory locations. In other words, the memory manager may use a finer grain
remapping when needed. One example of a fine-grain remapping is a fine
grained remapping with error checking and correcting and embedded pointers
(FREE-p) mapping function which creates a pointer associated with @ memory
focation when inconsistent data is discoverad.

108151  Such a method may be beneficial by allowing small fallures o be
corrected using methods that are more efficient than replacing a large memory
block. In some examples, the memory lester may communicate (o the memory
manager which memaory locations have failed, allowing the memory manager o
correct the failures using less of the additional resources manufactured in the
memory die. Moreover, using a fine-grained remapping procedure such as
FREE-p may be beneficial in that i allows for manufacturing remapping to be
performed without additional resources. For example, during use, a fine grain
remapping such as FREE-p may be used to detect and remap memory location
during use. This same FREE-p machanism may be used in a manufacturing

scenario to remap memory locations that are defective due to the manufacturing
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process. in other words, the FREE-p remapping mechanism may be beneficial
in that it may be used during operation as well as during manufacturing {o
identify defective memory locations.

60161 Managing the communication between the memaory tester and the
memory manager may allow the memory tester {0 avoid using additional
resources in the memory die to handie small faillures, such as single bit failures.
instead, the memory manager may address these failures.

08171 The memory manager may receive an indication of a memory location
that is to be remapped, and may remap the memory location. The remap may
create a pointer associated with the memaory location when a data inconsistency
is discovered. The memory manager may remap dala intended for the identified
memory location to memory locations that have not failed. A memory manager
may remap the identified memory locations by using unused memory locations,
leaving the additional resources on the memory die available for repair of
failures that would not be resclved by the memory manager.

186181  In some examples, the memory manager may receive dala regarding
memory locations in a memaory array (¢ be remapped by examining the memaory
array for patterns writlen in a memory testing process. The pallerns may
indicate the memory locations within & memory array that are to be remapped.
The receipt of data regarding memory locations may involve reading a data file,
reading a pattern from the memory or combinations thereof.

108181  The memory manager may receive the identification of a firsl memory
location in a memory array that is to be remapped. The receplion may occur
through any data communication method, such as reading a file on the mamory
array, examining patierns in the memory array, receiving data through a
networking protocol, receiving data through an inter-process communication
protocol, or similar method or combination of methods.

082081  The memory manager may then remap the first memory location by
selecting a second memory location in the memory array 10 receive data
intended for the first memory location. The memory manager may remap the
first memory location by reserving the second memory focation in the memory

array. A memory manager may reserve a memory location by selecting the
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memaory block from the list of free memory locations in the memory array. The
memaory manager may also reserve memory locations in the memory array for
handling failures, and maintain data to manage the reserved memory location.
108211  The memory manager may iniliate the remapping by writing
remapping data to the memory array. The remapping data may include a
pointer (o the new memory block to store data and a status bit to indicale a
memory block has been remapped,.

1068221 The memory manager may receive the identification of the memory
focation from a memory ester, or the memory manager may receive the
identification of the memaory location from a module in the memory manager.
The identification may be received from a single device, or may be
communicated between devices.

108231 The present disclosure describes a method for remapping & memory
location in a memory array. The method may include receiving, by a memory
manager, an identification of a first memory location in a memory array thal is to
he remapped using a remapping procedure performed by a memory manager.
The remapping procedure may include selecling a second memory location to
store data intended Tor the first memory location. The remapping procedurs
may also include writing, in the first memory location, a pointer to the second
memaory location.

186241 The present disclosure describes a system for remapping a8 memory
focation in a memory array. The system may include a processor and memaory
communicatively coupled 1o the processaor. The system may also include a
memaory manager. The memory manager may include a receiver for receiving
information about a first memory location (o remap. The memory manager may
also include a remapper to remap the first mamory location to a second memaory
focation.

08251  The present disclosure describes a computer program product for
remapping a memory location in a memory array. The compuler program
product may include a computer readable storage medium that includes
computer usable program code embodied therewith., The compuler usable

program code may include computer usable program code which, when
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aexecuied by a processor may receive information regarding a first memaory
focation in a memory array may be remapped. The computer usable program
code may include computer usable code 1o, when executed by a processor,
select a second memory location in the memory array (o store data intended for
the first memory location. The computer usable program code may include
compuler usable code which, when executed by a processor, remaps the first
memaory location (o the second memory location,

80261 The handling of remapping of memaory locations as described herein
may allow a memory manager {0 reduce usage of the additional resources buiit
in a memory die. Reducing dependencies on the additional resources built into
a memory die may allow manufacturers o increase vields of good memory
arrays. A memory manager may handle memory remapping in a manner that
can scale with memory capacily.

160277  As used in the present specification and in the appended claims, a
“‘memory array’ or ‘memaory” may refer to memory controlied by a memaory
manager.

106281 Further, as used in the present specification and in the appended

338

claims, a “memristor memory,” “memristor,” “mermristor element,” or similar
terminology may refer to a single passive circull element that may maintain a
relationship between the time integrals of current and voltage across a two
terminal elemsent. In some examples, memristors may be used as memory
glements of the memaory array. For example, the memiisior elements in a
memaory array may be organized in a structure o facilitate a dense packing of
memristor elements to support construction of a large capacity memory die.
186281  Still further, as used in the present specification and in the appended
claims, the term "memory die” may refer to a memaory unit that is divided into a
number of memory blocks. A memory block may include a number of memory
bits.

(86301 Even further, as used in the present specification and in the
appended claims, the term “memory location” may refer 1o a divisional unitof a
memory array. A "memory location” may include bits from memory blocks

residing on different memory dies.
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08311  Yet further, as used in the present specification and in the appended
claims, the term "a number of” or similar language may include any positive
number including one to infinity; zero not being a number, but the abhsence of a
number.

108321  In the following description, for purposes of explanation, numerous
specific delails are set forth in order to provide a thorough understanding of the
present systems and methods. i{ will be apparent, however, 10 one skilled in the
art, that the present apparatus, systems, and methods may be practiced without
these specific details. Reference in the specification to “an example” or similar
language means that a particular feature, structure, or characteristic described
in connection with that example is included as described, but may not be
included in other examples.

108331 Fig. 1 is a diagram of a system {(100) for remapping memory locations
{107} in a memory array (106} according to one example of the principles
described herein. The system (100) may include a memory tesier (101} to test
a memory array {106} for failed memory locations (107) and {0 remap memory
blocks within a memaory array (108}, In some examples, the memory array {106}
may include a number of memristor components. The memory array {106} may
be a cross bar memory array.

186341  In some examples, the memory tester (101} may send an indication of
memory locations {107} to be remapped to the memory manager (102). For
example, the memory tester (101) may test a memory die. The memaory tester
{101) may then indicate to the memory manager {102}, memory locations (107}
within a memory die that have failed. In some examples, the indication of
memaory locations {(107) to be remapped by the memory manager (102} may
relate o smaller fallures as compared to those remappings performed by the
memory tester (101). More detail concerning the detection of failed memory
focations (107) and falled memory blocks is given below in connection with Fig.
4.

80351 A memory tester {101} may test a unit manufactured for memory
usage, such as a mamory die. The memory die may contain a number of

memory arrays {108). A memory ester (101) may use additional resources on
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a memory die o replace memory blocks and o prevent memory blocks that
have failed from being used.

80381 The system {100} may also include a memory manager {(102) {o
receive an identification of a first memory location (107-1} thatis to be
remapped using a remapping procedure performed by the memory manager
{(102). For example, an identification of a first memaory location (107-1) may be
received from a memory tester {(101).

80371 The memory manager (102) may include a number of modules o
carry out the funclionality described herein. For example, the memory manager
(102} may include a receive module (103} to receive an identification of a first
memory location (107-1) in a memory array {106} thal is to be remapped using a
remapping procedure. In some sxamples, the identification of the first memory
focation (107-1) may be received from the memaory tester (101). In other
sxamples, the identification may be recsived from ancther component within the
memory manager (102}, Remapping may then be divided belween the memory
tester {101} and the memory manager (102). A memory manager (102} may be
used {0 handle remapping relatively small memory fallures. This may be done
by remapping memory addressing o replace one memory location (107) with
ancther. By comparison, the memory {ester (101} may be used to handie the
remapping of the larger memory blocks. Receiving an identification of a first
memory location (107-1) to be remapped by the memory manager {102) may be
beneficial as the memory manager (102} may handle errors in & manner that
may be more efficient than other stages of the memory verificalion process.
80381 After the indicalion information is received by the receive module
{103), a selection module (104} may select a second memory location {(107-2) (o
store data intended for the first memory location (107-1). For example, the
selection module (104}, upon detection that a first memory location (107-1)is o
be remapped, may select a second memaory location {(107-2) from a free
memory location list. The address of the second memory location (107-2) may
then be stored in the memory array (106) by a write module (105) for future

usage.
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80381 The selection module {104} may identify and select, based on the
information received, a second memoaory location {107-2) to store and retrieve
data intended for the first memory location {107-1). The selection module (104)
may select available memory locations (107} in the memory array (106},
Available memory locations (107) may be found on a list of free memory
focations (107), may be reserved for purposes such as handling memaory errors,
or may be oblained through some alternative method.

(80481 The seleclion module {(104) may select a second memaory location
{(107-2) that is sized to reduce discarding memaory locations (107) that are
funclioning correctly. As an example, a memaory array (108) may have a single
memaory location (107} with a single bil failure which may be replaced by
another memory location (107}, as where an alternative error handling routine
may map oul an entire row or a column of bits or an entire memory block even
for a single bit failure. Mapping out an entire row or a column of bits for a single
bit failure may waste many working bils.

86411 Through effective selection of a second memory location (107-2), the
selection module (104} may reduce the amount of “good” or properly functioning
memory locations {107} that are removed from usage due io the good memory
jocations (107) association with a bad memaory block.

86421 A wrile module (105) may wrile, in the first memory location (107-1) a
nointer to the second memory location (107-2). In some examples, the
functionalily carried out by the selection module (104} and the write module
{105) may be a remapping procedure. In some examples, the remapping
procedure may be performed al a cache line granularity.

86431  An example of a remapping procedure is given as follows. A memory
array {106) may include a first memory location {(107-1) and second memory
location (107-2). As described above, in some examples, a memory location
(107} may include a number of falled memaory bits. For example, the first
memaory location (107-1) may include a failed memory bit. However, while the
first memory location (107-1) may include a failed memory bit, a number of
memory bits within the first memory location (107-1) may be available for use.

in this example, a number of the available bits within the failed memory location
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{(107-1) may be used to remap the data representied in that first memaory location
(107-1) to the second memory location (107-2).

180441 For example, a pointer {o the second memaory location (107-2) may be
included in the first memory location {(107-1) such that the "bad” memory
location remains usable. The remapping procedure may utilize memory
focations (107) that include failed bils {o slore a pointer thal indicales where the
data has been remapped 0. In some examples, the pointer may be much
smaller than the memory location {107) that it is remapping. in some examples,
a siatus bit may be used to indicate that a particular memory location {(107)
includes remapped data. In other words, although the first memory location
{(107-1) may include a number of failed bits, the remapping procedure may
utitize space within the bad first memory location (107-1) to include a pointer
that indicates the data remapping. Such a remapping procedure may be a fine-
grained remapping with ervor correcting code and embedded pointers (FREE-p)
mapping. The memory manager (102) may perform other functions, and may
he associated with the memory array (106}, or may be part of a device that
utitizes the memory array {106). Placing a remapping pointer in the "bad” first
memory location (107-1) may be beneticial in that it may eliminate additional
required storage for the remapping pointer.

36451 A memory manager (102) may correct errors on a memory array
{106) using methods thal may not alter a circuit on 8 memory die. The memory
manager (102) may remap & memory location (107) using a pointer, siatus bit,
or combination thereof {o remap data from a first memory location (107-1) with a
failure to a second memory location (107-2) that does not have a failure. The
memaory manager may encode date to ensure that the failure in the memory
location does not cause dala inconsistency.

160467  The write module (105) may store an associalion between the
identification of a first memory location (107-1) and the second memaory location
{(107-2). The data stored may include a pointer to the second memory location
{107-2). The write module {(105) may store the association between the first

memory location (107-1) and the second memory location (107-2). The

10
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association may be stored in the memory array (108}, or may be storad on an
alternative device for future reference.

186471  Fine grained handling of memory failures by the memory manager
{102) may allow a memory tester (101) to use additional memaory resources on
the memory die to handie large fallures that may encompass & memory block,
The decrgased demand on the additional memory resources may allow for the
same memaory resources to be used to handie additional failure situgtions. The
memory resources on the memaory die may then increase the chip yields, or
percentage of the chips that are capable of operatling without error.
Alternatively, the additional memory resources may be used as additional
memaory {0 increase the capacity of the memory array (108).

106481 Figure 2 is a flowchart of a method (200} for remapping memaory
focations {Fig. 1, 107) according to one example of the principles described
herein. The method (200} may allow for receiving identification of a first
memory location (Fig. 1, 107-1) and remapping the first memory location (Fig. 1,
107-1) by selecting a second memory location (Fig. 1, 107-2) to store data
intended for the first memory location (Fig. 1, 107-1}, and wriling the selection to
the first memory location (Fig. 1, 107-1).

(08481 The method (200} may include raceiving (block 201} by a memory
manager {Fig. 1, 102) an identification of a first memory location (Fig. 1, 107-1)
in a memory array (Fig. 1, 106) that is {0 be remapped. The identification of the
first memory location (Fig. 1, 107-1) may be receivad from a memory tester {Fig.
1, 101}, or may be received from an indication module.

(86501 For example, a memory lester (Fig. 1, 101) may indicate memory
focations (Fig. 1, 107) where bi failures have been found such thal the memory
manager {Fig. 1, 102} using a remapping procedure such as FREE-p may
remap the memory location (Fig. 1, 107}, In some examples, the indication may
be included in a data file. As will be described below, the memory manager
{Fig. 1, 102} may then read the data file to identify the memory location {Fig. 1,
107) to be remapped.

60511 In another example, the indication may be encoded in a paltern. In

this example, the memory manager (Fig. 1, 102} may read the pattern indicated

11
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to identify a memory location {Fig. 1, 107) that is to be remapped. In some
examples, the memory tester (Fig. 1, 101) may test memory at a memory die
level. In other words, the received patiern may indicate a memory block on a
memory die has failed. However, as will be described below in connection with
Fig. 4, the remapping procedure may be performed across multiple memory
dies.

186521  In some examples, the first memory location (Fig. 1, 107-1) to be
remapped may be distinct from a memory block of the memory array (Fig. 1,
106) that is remapped by the memory tester (Fig. 1, 101). For example, the
memaory tester (Fig. 1, 101} may remap memory blocks and may leave the
remapping of single memory locations {(Fig. 1, 107} to the fine grained
remapping procedure used by the memory manager {Fig. 1, 102).

60531 The method (200) may include selecting (block 203) a second
memaory location (Fig. 1, 107-2) to store data intended for the first memory
focation {Fig. 1, 107-1). Selection (block 203) of the second memory localion
{Fig. 1, 107-2) may include selecting memory locations (Fig. 1, 107} that are not
in use. Memory locations (Fig. 1, 107} that are not in use may be associated
with a free list, or may be reserved for specific purposes, such as handling
BIIOFS.

186541  Selection {block 203) of a second memory location (Fig. 1, 107-2)
may allow the memory manager (Fig. 1, 102} to select an alternative memory
focation {Fig. 1, 107) to reduce the amount of properly functioning memory that
is removed from use due 1o an association with a memory block that has failed.
(86551  The method (200} may include writing (block 205) to the first memory
focation {Fig. 1, 107-1) a pointer {o the second memory location (Fig. 1, 107-2).
The write may be associated with the identification of the first memory location
{Fig. 1, 107-1}, or may be located in any area of the memory managed by the
memaory manager (Fig. 1, 102). The pointer may include the identification of the
second memaory location (Fig. 1, 107-2). The method (200} may aiso include
writing a status bit to indicate a pointer as such, and to indicate that the pointer

is not data. The method (200} may write some or all of the information, and the

12
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information may or may not be written o a single memory location {(Fig. 1, 107}
of the memory array (Fig. 1, 106).

80561 Selecting (block 203) a second memory location (Fig. 1, 107-2) and
writing (block 205} a pointer to the first memory location (Fig. 1, 107-1) may be
referred 1o as a remapping procedure. In some examples, the remapping
procedure may be a fine grained remapping with error checking and correcting
and embedded pointers (FREE-p) mapping function. Using a FREE-p mapping
function, the memory manager {Fig. 1, 102} may use a status bit to indicate that
a memory location (Fig. 1, 107) such as the first memory location (Fig. 1, 107-1)
has been remapped. The memory manager (Fig. 1, 102) may also use a remap
pointer (o indicate the location of the second memory location {(Fig. 1, 107-2).
As such, the remapping procedure used by the memory manager (Fig. 1, 102)
may be performed with less memory utilization than a remapping performed by
a memory tester (Fig. 1, 101), and without providing a separate remapping
structure for this purpose.

{80571 The method (200) as described herein may be beneficial in that small
errors are handied by an efficient remapping procedure via the memory
manager (Fig. 1, 102) while larger errors may be addressed by the memory
tester {(Fig. 1, 101).

186581  Fig. 3 is a flowchart of another method (300) for remapping memory
iocations (Fig. 1, 107} in a memory array (Fig. 1, 108) according o one example
of the principles described herein. The method {300} may include identifying
{block 301), by the memory manager {(Fig. 1, 102), the first memory location
{Fig. 1, 107-1}. In some examples, the memory tester (Fig. 1, 101) may ignore
smail bit Tailures, such as single bit failures. In this example, the memory tester
{Fig. 1, 101) may remap larger memory blocks. Simiarly, in this example, the
memory manager {Fig. 1, 102) may include an identification module to identify
{block 301) the first memory location {(Fig. 1, 107-1}. In this example, when an
access to a memory location {Fig. 1, 107} is first allempted in an assembled
memory die, the write may fail, and the memory manager (Fig. 1, 102) may
remap the memory location {(Fig. 1, 107) as described below. For example, the

memaory manager (Fig. 1, 102) may select (block 303} a second memory
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jocation {o store data intended for the first memory location {Fig. 1, 107-1). This
may be performed as described in connection with Fig. 2. The memory
manager {Fig. 1, 102) may write (block 305) in the first memory location {Fig. 1,
107-1} a pointer to the second memory location (Fig. 1, 107-2).

(08581  Fig. 4 is a diagram of a number of memory dies (408) that include
remapped memaory locations (407) and remapped memaory blocks (411)
according to one example of the principles described herein. As described
above, the system {Fig. 1, 100} may include a number of memory dies (408).
For example, the system (Fig. 1, 100) may include a first memory die {408-1}, a
second memaory die (408-2), and a third memory die (408-3}. While Fig. 4
depicts three memory dies (408), the system (Fig. 1, 100} may include any
number of memory dies {(408).

108601 Each memory dig {(408) may include a number of memory blocks
{411). For simplicity, a few memory blocks {(411-1, 411-2, 411-3) are referenced
by a number, however each memory block {(411) depicied in Fig. 4 may be
similar 1o the memory blocks (411-1, 411-2, 411-3) indicated by reference
numbers. Specific reference (o groups of maemory blocks (411) may be mads
with respect (o different rows (408). For example, a first row (409-1) may
include a memory block {411} from each of the first memory die {408-1)}, the
second memory die {(408-2), and the third memory die (408-3).

866171  In some examples, one or more memory blocks {411) may be
designated o store data. For example, the third row {409-3) of memory blocks
{411) and the fourth row (408-4} of memory blocks {411) may be designated {o
store data. By comparison, a number of other rows (408} of memory blocks
{(411) may be designated as additional resources 1o receive data when memory
blocks (411) in the storage rows {408-3, 408-4} fail. For example, the first row
{400-2) of memory blocks (411) and the second row {408-2} of memory blocks
{411) may be designated as additional resources as indicated by the dashed
box in Fig. 4. While specific reference is made to a particular number and a
particular orientation of rows (409} as storage rows (4098-3, 408-4) and
additional resource rows (408-1, 409-2), any number and any crientation of

rows {408} may be used as described herein.
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08621 The mamory may be also divided by memaory locations (407). As
described above, memory locations (407) may refer to divisions of memory
blocks {411) that span a number of memory dies (408). For example, a memory
focation (407) may divide mulliple memory blocks (411} thal reside on different
memaory dies (408). More specifically, a memory location (407-1) may divide a
number of memaory blocks {(411) on the first memory die (408-1), the second
memaory die {408-2), and the third memory die (408-3). A particular memory
block {411} may include a number of memory locations {(407). For example, a
first memory block (411-1) may include a number of memaory locations (407-4,
407-5). For simplicity, one or two memaory locations (407} are indicated as
dividing the memory blocks (411), however any number of memory locations
{407} may be used {o divide memory blocks (411) within memory dies (408).
08631 As described above, in some examples, a memory tester (Fig. 1, 101)
may remap memaory blocks (411). For example, a memory block (411) may 1ail
for any number of reasons including defects resulting from the manufacturing
process or a short in a wiring component. As depicted in Fig. 4, the first
meamory block (411-1) may {ail as indicated by the diagonal lines. In this
example, a memory tester (Fig. 1, 101) may remap the failed first memory block
{411-1} to another memory block (411}, More specifically, the memory tester
(Fig. 1, 101} may remap the first memory block (411-1) 1o the second memory
block {(411-2). The second memory block {(411-2) may be included in a row
{400-2} of memory blocks (411} that is designaied as additional resources to be
used in the event of a failed memory block (411). The remapping of the
memaory block (411} may be indicaled by the arrow {(412-1). In this example, the
portions of the memory locations (407-4, 407-5) that correspond to the failed
memory block (411-1}) may be remapped to memory locations (407-2, 407-3) of
the second memaory block (411-2). However, the portions of the memory
locations (407-4, 407-5) that correspond 1o memaory blocks (411} in the same
row {408-3) as the failed memory block (411-1) bul that have not falled, are
maintained in the original row (408-3). While remapping an entire memory block
{411) may be beneficial, it may also wasle memory space. For example, as

described above, if a single bit within a memory block {(411-1) fails, an entire
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failed memory block (411-1} is remapped and an entire additional memory block
(411-2) is used {o faciliiate the correction of a single bit failure.

1860641 Accordingly, 8 memory manager {(Fig. 1, 102) using a finer-grain
remapping procedure such as a FREE-p remapping may remap individual
memory locations {407} thus preserving additional resource memaory blocks
{411), such as those in the first row {409-1) and the second row (409-2), 1o be
used for larger memory fallures. For example, a small failure, such as a single
bit failure (413) as indicated by the “x,” may cccur on a sixth meamory location
{407-8) corresponding o 8 memory block {(411-3} on the first memory die {(408-
1). In this example, the memory manager {Fig. 1, 102) may remap the sixth
memaory location (407-8) to a first memory location (407-1) as indicated by the
arrow {412-2). in this example, the entire sixth memory location (407-6) may be
remapped to the first memory location (407-1) regardiess of the memory block
{411) that includes the failure (413).

(88651  As can be seen from Fig. 4, using the memory manager (Fig. 1, 102}
to remap memory locations (407} may be beneficial in that the additional
resources are not used by a remapping procedure implementad by the memaory
manager (Fig. 1, 102}, but are left available for use by the memory tester (Fig. 1,
101).

186661 Fig. 5 is a diagram of a memory manager (502} for remapping
memory locations {Fig. 1, 107} in in a memory array {Fig. 1, 106) according {o
one example of the principles described herein. The memory manager (502)
may contain an indication module {(514), a receive module {503}, a selection
module (504}, a write module (505}, or a combination thereof. The receive
module (503} may receive an indication of a first memory location (Fig. 1, 107-1)
within a memory array (Fig. 1, 106} that is {o be remapped. As described
above, in some examples, the receive module (503) may receive the indication
from a memory tester (501) as indicated by the arrow {(515). In this example,
the indication may be included in a data file or a paltern within the memory. In
some examples, the receive module (503) may receive the indication from an

indication module {(516) as indicated by the arrow (516).
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(08671  The indication module {(510) may function as part of & memory
manager {502) to identify a memory location (Fig. 1, 107} in a memory array
{Fig. 1, 102) to remap. The indication module (510} may test the entire memaory
array {(Fig. 1, 106} in a single event or a consecutive series of events. The
indication module (510) may also perform tests of the memory array (502} when
the memory array (502) is either written o or read from. When the indication
module (510} determines that a memory location {(Fig. 1, 107} is experiencing an
error, the indication module (510) may send the identification of the memory
focation (Fig.1, 107} to a receive module (503). This communication may be
performed via a number of data communication methods, including data files,
inter-process communicalion messaging, intra-process cormmunication
messaging, networking protocols, or similar methods of communication. The
memory manager {(502) may include modules beyond those illustrated.

[0068]  As described above, a memory tester (501) may perform remappings
at a coarser granularity such as at a memory block (Fig. 4, 411) level. Doing so
may require additional resources to compensate for failed memory blocks (Fig.
4, 411). By comparison, using a memaory manager (502) (o perform a finer grain
remapping, such as a FREE-p remapping, may preserve more of the additional
resources to be used for large memaory block failures.

186681  Fig. 6 is a diagram of a memory manager (602} for remapping
memory locations {Fig. 1, 107} in a memory array (Fig. 1, 106) according to one
example of the principles herein. The memory manager (602} may include the
hardware archilecture {o retrieve execulable code and execute the executable
code. The executable code may, when executed by the memory manager
(602), cause the memory manager {(602) {o implement at least the functionality
of remapping memory locations (Fig. 1, 107} in a memory array {Fig. 1, 106},
according to the methods of the present specification described herein. In the
course of executing code, the memory manager (602} may receive input from
and provide output to a number of the remaining hardware units.

186701  In this example, the memory manager (602) may include processing
resources (617} that are in communication with memory resources (618},

Processing resources {617 may include at least one processor and other
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resources used o process programmed instructions. The memory resources
(618) represent generally any memory capable of storing data such as
programmed instructions or dala structures used by the memory manager {602).
The programmed instructions shown stored in the memory resources {(818) may
include a receiver (819} and a remapper {820).

80711 The memory resources (618) include a compuler readable storage
medium that contains computer readable program code to cause tasks o be
aexecuted by the processing rescurces (617). The compuier readable siorage
medium may be tangible and/or physical storage medium. The computer
readable storage medium may be any appropriate storage medium thatis not a
transmission storage medium. A non-exhaustive list of computer readable
storage medium types includes non-volatile memory, volatile memory, random
access memory, wrile only memory, flash memory, electrically erasable
program read only memory, or typss of memory, or combinations thereof.
(88721  The receiver {(619) representis programmed instructions that, when
executed, cause the processing resources {617) to receive information about a
first memory location (Fig. 1, 107-1) o be remapped. The remapper (620}
represents programmed instructions that, when execuied, cause the processing
resources (617) to remap the first memory location (Fig. 1, 107-1) {o a second
memaory location (Fig. 1, 107-2).

180731  Further, the memory resources {618) may be part of an instaliation
package. In response o installing the installation package, the programmed
instructions of the memory resources {618) may be downlcaded from the
instaliation package’s source, such as a portable medium, a server, a remote
network location, ancther location, or combinations thereof. Portable memory
media that are compatible with the principles described herein include BVDs,
Cbs, flash memory, portable disks, magnetic disks, oplical disks, other forms of
portable memory, or combinations thereof. In other examples, the program
instructions are already installed. Here, the memory resources can include
integrated memory such as a hard drive, a solid stats hard drive, or the like.
08741  In some examples, the processing resources (617) and the memory

resources (618} are located within the same physical component, such as a
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server, or & network component. The mamory resources (818) may be part of
the physical component’s main memory, caches, registers, non-volatile memory,
or elsewhere in the physical component’s memory hierarchy. Aliernatively, the
memory resources (618} may be in communication with the processing
resources (617) over a network. Further, the data structures, such as the
fibraries, may be accessed from a remote location over a network connection
while the programmed instructions are located locally. Thus, the memory
manager {602) may be implemented on a user device, on a server, on a
collection of servers, or combinations thereof.

08751 Methods and systems for re-initializing 2 number of memory arrays
{Fig. 1, 102} may have a number of advantages, including: (1) reducing the
amount of additional memory resources needed; (2) improving part vield of a
memory dig; (3) allocating processing of memory remapping based on error
size; and (4} improving remapping times.

80761  Aspects of the present system and method are described herein with
reference o flowchart illustrations and/or block diagrams of methods, apparatus
{systems)} and computer program products according (o examples of the
principles described herein. Each block of the flowchart ilustrations and block
diagrams, and combinations of blocks in the flowchart Hlustrations and block
diagrams, may be implemented by computer usable program code. The
computer usable program code may be provided 1o a processor of a general
purpese computer, special purpose computer, or other programmable dala
processing apparatus to produce a machineg, such that the computer usable
program code, when executed via, for example, the processing resources (817)
or other programmabile data processing apparatus, implement the functions or
acts specified in the flowchart and/or block diagram block or blocks. Inone
example, the computer usable program code may be embodied within a
computer readable storage medium; the computer readable storage medium
being part of the computer program product. in one example, the computer
readable storage medium is a non-transitory computer readable medium.
188771  The preceding description has been presenisd to illustrate and

describe examples of the principles described. This description is not intended
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to be exhaustive or to imil these principles o any pracise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT 5 CLAIMED 1S:

1. A method for remapping a memory location in a memory array,
comprising:

receiving, by a memory manager, an identification of a first memory
focation in a memory array that is {o be remapped using a remapping procedura
performed by a memory manager, the remapping procedure comprising:

saelacting a second memory location (o slore data intended for the first
memory location; and

writing, in the first memory location, a pointer {o the second memory

focation.

2. The method of claim 1, in which the identification of the first memory

iocation is received from a memory tester.

3. The method of claim 2, in which the identification of the first memory
focation is received in a data file, and in which the method further comprises

reading, from the data file, the identification of the first memory location.

4, The method of claim 2, in which a memory block of the memory array is
remapped by the memory tester, and in which the first memory location is
distinct from the memory block of the memory array thal is remapped by the

memory tester.
5. The method in claim 1, in which receiving an identification of the first

memaory location comprises reading a pattern indicating that the first memory

focation is to be remapped.
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8. The method of claim 1, in which receiving an identification of the first
memaory location further comprises identifying, by the memory manager, the first

memory location that is to be remapped.

7. The method of claim 1, in which the remapping procedure uses a status
bit to identify that a memory location has been remapped, and a remap pointer

to indicate the second memory location.

8. The method of claim 1, in which the remapping procedure performed
from the memory manager is performed with less memory utilization than a

remapping performead by a memory tesier.

9. The method of claim 1, in which the remapping procedure is g fine
grained remapping with emor checking and correcling and embedded pointers

(FREE-p) mapping function.

10. A system for remapping a memory location in a memory array,
comprising:
a processor;
memory communicatively coupled to the processor; and
a memory manager, the memory manager comprising:
a receiver to receive information about a first memory location o
be remapped; and
a remapper to remap data intended for the first memory location to

a second memory location,

11.  The system of claim 10, in which the memory communicatively coupled

to the processor comprises a number of memristor elemaents.

12.  The system of claim 10, in which the memory communicatively coupled

to the processor is a cross bar memaory array.
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13.  The system in claim 10, in which the remapper remaps the data intended
for the first memory location o a8 second memory location at a cache line

granuarity.

14. A computer program product for remapping memory locations in a
memaory array, the computer program product comprising:

a compuler readable storage medium comprising computer usable
program code embodied therewith, the computer usable program code
comprising:

computer usable program code {0, when sxeculed by a processor,
receive information regarding a first memory location in a memory array,
in which the first memory location is {0 be remapped,;

compuier usable program code 1o, when executed by a processor,
select a second memory location in a memory array o store dala
intendead for the first memory location; and

computer usable program code 1o, when execuied by a processor,
remap the data intended for the first memaory location (o the second

memory location.
15.  The product of claim 14, further comprising:

computer usable program code o, when executed by a processor,

identify the first memory location in the memaory array that is to be remapped.
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