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POST PACKAGE REPAIR (PPR) DATA IN NON-VOLATILE MEMORY

BACKGROUND
(00011 A memory module may have multiple memory devices. Error
correction logic may be ussd {0 correct errors detected in memory devices. A
memory module may include extra memory celis so that when memory cells of a
meamory device on the memory module malfunction, extra memory cells may be

used instead of the entire memory module having {o be replaced.

BriEF DESCRIPTION OF THE DRAWINGS
(00027 The following detailed description references the drawings, wherein:
(00031  FIG. 1 is a block diagram of an example memory module that
includes a non-volatile memory having post package repair (PPR) data;

[0004]  FIG. 2 is a block diagram of an example memory module that
includes a plurality of available repair units fields for tracking availability of different
types of repair units;

00051 FIG. 3 is a block diagram of an gxample memory module that
includes a plurality of available repair units fields for tracking availability of repair
units on various volatile memory devices;

[0008] FIG. 4 is & block diagram of an example device that includes a
machine-readable storage medium encoded with instructions to frack PPRs
performed on a memory module;

(000717  FiG. 5 is a block diagram of an example device that includes 3
machine-readable storage medium enceded with instructions to enable usage of a
counter (o track repair unit availability;

[0008]  FIG. 8 is g block diagram of an example device that includes a
machine-readable storage medium encoded with insiructions o determine, based
on a counter value, whether o inttiate a PPR;

(00007 FIG. 7 is a flowchart of an example method for tracking PPRs; and

10010} FiGG. 8 is a flowchart of an example method for maintaining a dats

structure for PPR data.
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DETAILED DESCRIPTION

(00117 Memory celis in memory devices may faill to properly store data, for
example as a result of a manufacturing defect or due to environmental conditions
as memory devices are used. A manufacturer of memaory modules may fabricate
redundant memory cells that may be used to replace defective memory cells in
memory devices. Such redundant memory cells may be referred 1o hersin as
‘repair units”. Repair units may include, for exampls, spare rows, spare columns,
and/or spare single cells. The process of replacing a defective memory cell or cells
with a repair unit afler a memory device is packaged may be referred o herein as
“‘nost package repair”, or "PPR”.

[0012] Each volatle memory device on a2 memory module may track
availability of its own repair units. A memory controller that is unaware of how many
repair units are available fo a volatile memory device may not know it a PPR is
possible on the volatile memory device until the memaory controller sends a PPR
command and receives either a notification that the PPR is complete, or that an
attempt to perform the PPR has failed. A falled attempt to perform a PPR may
waste time and resources of a memaory controller as well as of a memory module.

100131 Inlight of the above, the present disclosure provides for storing PPR
data in a non-volatile memory on a memory module. As used herein, the lerm "FPR
data” refers to data related to the ability to perform PPRSs, or to the effects of PPRs.
PRPR data may include, for example, how many repair units are available on a
memory module and how many PPRs have been performed on a memory module.
The storing of PPR data in a non-volatile memory on a memory module may allow
a memory controlier {0 use resources more efficiently when initiating PPRs, and
allow PRR data {0 be tracked at a system level rather than at an individual volatile
memory device level. In addition, muiltiple PPRs performed on the same volatile
memory device may be fracked, and persistent PPR data in a non-volatile memory
may allow PPRs and repair unit availability to be tracked across reboots of a
memory module without expending sysiem resources o discover/recreate such
information during sach boot time.

[0014]  Referring now to the figures, FiG. 1 is a block diagram of an example
memory module 100 that includes a non-volatile memory having PPR data.

Memory module 100 may be an in-line memaory module, such as a single in-line
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memory module (SIMM) or a dual in-line memory module (DIMM), or any memory
module suitable for mounting memory integrated circuits (1Cs). In FIG. 1, memory
module 100 includes volatile memory devices 102a, 102b, 102¢, and 102d; repair
units 104a, 104h, 104¢, and 104d; and non-volatile memory 106. As used herein,
the terms “include”, “have”, and “comprise” are inlerchangeable and should be
understood 10 have the same meaning.

00157 Volatile memory devices 102a-d may be on ICs on memory
module 100. In some implementations, volatiie memory devices 102a-d may be
dynamic random-access memory (DRAM) devices. Although four volatile memory
devices are shown in FIG. 1, it should be understood that memory module 100 may
include more volatile memory devices or less volatile memory devices, and that the
concepts discussed herein may be applicable 0 a memory module having any
numbaer of volatile memory devices.

00167 Repair units 104a-d on memory module 100 may be used to replace
defective portions of volatile memory devices 102a-d during PPRs. In some
implementations, repair unif 104a may be used o replace a memory cell or cells in
volatile memory device 102a. Similarly, repair units 104b, 104c, and 104d may be
used to replace memory cells in volatile memory devices 102b, 1020, and 102d,
respectively. In some implementations, any of repair units 104a-d may be used o
replace memory cells in any of volatile memory devices 102a-d. In some
implementations, repair units 104a, 104h, 104c, and 104d may be embedded in
volatile memory devices 102a, 102b, 102¢, and 102d, respedlively. Although four
repair units are shown in FIG. 1, it should be undersiood that memory module 100
may include more repair units or lgss repair unils, and that the concepls discussed
herein may be applicable {0 a memory module having any number of repair units.

80177 In some implementations, repair units 104a-d may include repair
units of a first type and repair units of a second type. For example, repair uniis
104a and 104b may be spare rows, and repair units 104¢ and 104d may be spare
columns or spare single cells. In some implementations, a volatiie memory device
on memory module 100 may have mulliple repair unils, either of the same typs or
of different types. For example, volatiie memory 102a may have five spare rows,
or five repair units made up of a combination of spare rows, spare columns, and

spare single cells.
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[0018]  Non-volatile memory 108 may store dala about volatile memory
devices 102a-d and any other volatile memory devices on memory module 100, in
some implementations, non-volalile memory 108 may include a serial presence
detect {SPD) electrically erasable programmable read-only memory (EEPROM).
An SPD EEFROM on g memory module may slore SPD datla, such as memory
timings and/or identifications of memory types on the memory module. Non-volatile
memory 106 may include available repair units field 108 and PPR completion field
110. In some implementations, a non-volatile memory on a memory module may
include a plurality of available repair units fields and a plurality of PPR compietion
fislds, as discussed further below with respect o FIG. 2.

100197 Available repair units field 108 may indicale how many of the repair
units {e.g., repair units 104a-d) on memory module 100 arg available Tfor performing
PRR on volatile memory devices {e.g., volatile memory devices 102a-d) on
memory module 100. A repair unit may be available for performing PPR if the repair
unit has not already been used (e.g., in a previcus PPR) to replace a memory celi
or ¢alis in a volatile memory device. For example, if memory module 100 has four
repair unils {e.g., repair units 104a-d) and none of them have been used in a PPR,
available repair units field 108 may have a valus of 4. After one of the four repair
units {8.q., repair unit 104b) has been used in a PPR, available repair units field
108 may have a value of 3.

10020} PRR completion field 110 may indicate how many PPRs have been
performed on voiatile memory devices {e.g., volatile memory devices 102a-d} on
memory module 100, For exampie, if memory module 100 has four volatile memory
devices 102a-d and no PPR has been performed on any of them, PPR completion
field 110 may have a value of 0. After a first PPR has been performed on volatile
memory device 102b and a second PPR has been performed on volatile memaory
device 102d, PPR completion field 110 may have a value of 2.

100217 Available repair units fisld 108 and PPR completion field 110 may be
read by a memory controlier during boot time of memory module 100, In some
implementations, available repair units fisld 108 and PPR completion field 110 may
be in an SPD EEPROM on memory moduie 100, and a memory controlier may
read these fields along with SPD data (s.g., timing information} in the SPD

EEFROM during boot time of memory module 100, For example, the memory
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controller may read available repair units field 108 to determine whether a PPR
can be performed during boot time of memory module 100, In some
implementations, the memory controller may use data in available repair units figld
108 and FPR completion field 110 {o inilialize counters on the memory controller,
as discussed below with respect to FIG. 5. in some implementiations, a Basic
input/Qutput System (BIOS), or other firmware sltored as maching-readable
instructions, may read and/or update available repair units field 108 and PPR
completion field 110 in an SPD EEFROM, and use values in such fields to
determine whether a PPR should be performed, as discussed below with respect
to FIG. 8.

10022} in some implementiations, available repair units field 108 and FPR
completion field 110 may be updated by a memory controller when memory module
100 is rebooted or in response {0 a command o power down memaory module 100,
For example, the memaory controller may maintain counters during runtime of
memory module 100 10 keep track of how many PPRs are performed and how
many repair units are used on memory moduie 100, When a command is issued
to reboot or powsr down memory module 100, the memory controller may write a
counter value, indicating how many repair units are still available on memory
module 100, to available repair units field 108. The memory controller may wrile a
counter value, indicating how many PPRs have been performed on memory
module 100, to PPR completion field 110, Thus, non-volatile memory 106 on
memory moedule 100 may have up-to-date information about repair unit availability
and number of PPRs performed at the beginning of the next runtime of memory
module 100.

100231  FIG. 2 is a block diagram of an gxample memory module 200 that
includes a plurality of available repair unils fields for tracking availability of different
types of repair uniis. Memory module 200 may be an in-line memory module, such
as a SIMM or BIMM, or any memory module suitable for mounting memory [Cs. In
FIG. 2, memory moduie 200 includes volatile memory devices 202a, 202b, 202¢,
and 2024d; repair units 2044, 204b, 204c¢, and 204d; and non-volatile memory 206.
Volatile memory devices 202a-d in FiG. 2 may be analogous to {a.g., have funclions
and/or componenis similar o) volatile memory devices 102a-d, respectively, in FIG.
1.
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(00247  Repair units 204a-d may include repair units of a first type and repair
uniis of a second type. For example, repair unils 204a and 204¢ may be spare
columns, and repair units 2040 and 204d may be spare rows. Memory module 200
may include additional repair units of the first and/or second types, and may also
include other types of repair units (e.g., spare single cealis).

[0025]  Non-volatile memory 206 may include available repair units fields
208a and 208b, and PPR compietion fields 210a and 210b. Available repair units
fields 208a and 208b may indicate how many repair units of a first type and of a
second lype, respeclively, are available for performing PPR on volatile memory
devices (e.g., volatile memory devices 202a-d) on memory module 200. For
example, memory module 200 may have four repair units 204a-d, with repair
units 204a and 204¢ being spare columns, and repair unifs 204b and 204d being
spare rows. Available repair units field 208a may indicate how many spare columns
are available for performing FPR on volatile memory devices on memory module
200, and available repair units field 208b may indicate how many spare rows are
available for performing PPR on volatile memory devices on memory maodule 200.
if none of repair units 204a-d have been used in a PPR, available repair units fisld
208a may have a value of 2, and available repair units field 208b may have a value
of 2. After one of the spare rows {2.g., repair unit 204b) has been used in a PPR,
available repair units field 208a may have a value of 2, and available repair units
field 208b may have a value of 1.

100286] PPR complation fields 210z and 210b may indicate how many repair
units of the first type and of the second iype, respeclively, have been used o
perform PPRs on volatile memory devices (e.g., volatile memory devices 202a-d)
on memory module 200, For example, PPR completion figld 210a may indicate
how many spare columns have been used o perform PPRs on memory
module 200, and PPR completion figld 210b may indicate how many spare rows
have been used o perform PPRs on memory module 200, F memory module 200
has four volatile memory devices 202a-d and no PPR has been performed on any
of them, PPR completion field 210a may have a value of 0, and PPR completion
field 210b may also have a value of . After one of the spare rows {g.q., repair
unit 204b) has been used in a PPR, PPR completion field 210a may have a value

of 0, and PFR completion field 210b may have a value of 1.
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[0027]  In some implementations, available repair unils fields 208a-b and
PPR completion fields 210a-b may be updated by a memory coniroller when
memory module 200 is rebooted or in response 1o a command fo power down
memory module 200, as discussed above with respect to FiG. 1. f a BiOS8 on a
memory controller identifies a defective portion of a volatile memory device during
boot time of memory module 200, a PPR may be performed on the volatile memory
device using an appropriate repair unit (e.g., 3 sparg column may be used o
repiace a defective column), and the BIOS may update an available repair unit field
and a PPR completion field in non-volatile memory 206 accordingly. In some
implementations, available repair unils flelds 208a-b and PPR compistion
fields 210a-b may be updated by a memory conlroller during runtime of memory
module 200, For example, if a2 PPR that uses a spare row is inilialed during runtime
of memory module 200, the memory coniroller may update available repair unit
field 208b and PPR completion field 210b later on during runtime, after the PPR
has been completed.

[0028] In some implementations, memory module 200 may include status
module 212. A module may include a set of instructions encoded on a machine-
readable storage medium and executable by a processor of memaory module 200, In
addition or as an alternative, a module may include a hardware device comprising
electronic circuitry for implementing the funclionality described below.

100291 Status module 212 may transmit, in response o a PPR query
directed al one of volalile memory devices 202a-d, a status indication for the
volatile memory device al which the PPR guery is direcied. As used herein, the
term “PPR query” should be understood {0 refer to a query regarding a volatile
memory device’s ability to perform a PPR. The volatile memaory device ai which the
PPR guery is directed may be referred {o hersin as the "targeted volalile memaory
device”. Status module 212 may transmit an indication of PPR availability, if there
is no PPR being performed on the targeted volatile memory device, and a repair
unit on memaory module 200 is available for performing PPR on the targeted volatile
memory device, when the PPR query is received by memory module 200, Status
module 212 may transmit an in-progress indication, if a PPR s being performed on
the targeted volatile memory device when the PPR qusry is received by memaory

module 200. Status module 212 may transmit an indication that no PPR is
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available, if none of the repair unils on memory module 200 is available for
performing PPR on the targsted volatile memory device when the PPR guery is
received by memory module 200.

I0030]  FIG. 3 is a block diagram of an example memory module 300 that
includes a plurality of available repair units fields for tracking availability of repair
units on various volatile memory devices. Memory module 300 may be an in-ling
memory module, such as a SIMM or DIMM, or any memory module suitable for
mounting memory {Cs. In FIG. 3, memory module 300 includes volatile memory
devices 1, 2, 3, and 4, each of which may have a plurality of repair unils {304a,
304h, 304¢, and 304d, respectively) used to perform PPRs on the respective
volatile memory device. Each of volatile memory devices 1-4 in FIG. 3 may be
analogous to any of the volatile memory devices discussed above with respect o
FIGS. 1 and 2. Each of the repair units in FIG. 3 may be analogous 1o any of the
repair units discussed above with respect 1o FIGS. 1 and 2.

(00311 In FIG. 3, memory module 300 includes non-volatile memory 306,
which may include available repair units fields 308a, 308b, 308¢, and 308d.
Available repair units fields 308a, 308b, 308¢, and 308d may correspond to volatile
memory devices 1, 2, 3, and 4, respectively. Each of availlable repair units fields
308a-d may indicate how many of a plurality of repair units on memory module 300
are available Tor performing PPR on the respective volatile memory device. For
example, each of the plurality of repair units 304a-d may have five repair units. If
none of the repair units on memory module 300 have been used o perform a FPR,
each of available repair units fields 308a-d may have a value of 5. Afler a PPR is
performed on volatile memory device 2 and three PPRs are performed on volatile
memory device 3, available repair units fields 308a, 308b, 308¢, and 308d may
have a value of 5, 4, 2, and §, respectively. Available repair unils fields 308a-d may
be read by a memory controller during boot time of memory module 300 to
determine how many PPRs can be performed on each volatile memory device on
memory module 300.

(00327  FIG. 4 is a block diagram of an example device 400 that includes a
machine-readable storage medium encoded with instructions o track PPRs
performed on a memory module. Device 400 may be a memaory controller. In some

implemeniations, device 400 may be parl of an eleclronic user devics, such as a
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notebook computer, a deskiop computer, a workstation, a tablet computing device, a
mobile phone, or an electronic book reader. In some implemeantations, device 400
may be part of a server. In FIG. 4, device 400 includes processor 402 and machine-
readable siorage medium 404.

[00331 Processor 402 may include a central processing unit (CPU),
microprocessor  {e.g., semiconductor-based microprocessor), and/or other
hardware device suitable for retrieval and/or execution of instructions stored in
machine-readable storage medium 404, Processor 402 may fetch, decode, and/ or
execute instructions 4086, 408, and 410. As an alternative or in addition {0 retrieving
and/or executing insiructions, processor 402 may include an eleclronic circuit
comprising a number of elecironic components for performing the functionality of
instructions 408, 408, and/or 410,

[0034] Machine-readable storage medium 404 may be any suitable
electronic, magnetic, optical, or other physical storage device that containg or siores
executable instructions. Thus, machine-readable storage medium 404 may include,
for example, a random-access memory (RAM), an EEPROM, a storage device, an
optical dise, and the like. In some implementations, machine-readable storage
medium 404 may include a non-transitory storage medium, where the term “non-
fransitory” does not encompass transiory propagating signals. As describad in detall
below, maching-readable storage medium 404 may be encoded with a set of
executable instructions 406, 408, and 410.

(00357 Instructions 406 may read PPR data, for a memory module, from non-
volatile memory on the memory module. The PPR data for the memory module may
include an indication of how many PPRs have been performed on the memory
module. In some implementations, the PPR data may also include an indication of
how many repair units are available for performing PPR on the memory moduie. In
some implemeniations, PPR data for a memory module may include a manufaciurer-
provided indication, in non-volatile memaory of the memory module, of how many
repair units were fabricated on the memory module. Execution of instructions 408
may cause, for example, contents of non-volatile memory 108, 206, or 306 to be read.
In some implemeniations, insiructions 408 may be executed during boot time of a
memory module. In some implementations, instructions 406 may be executed during

runtime of a memory module.
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(00387  Instructions 408 may delermineg, based on PPR data read from non-
volatile memory on a memory module, how many repair units are available for
performing PPR on the memory moedule. In some implementations, instructions 408
may identify indications, in the PPR data, of how many repair unils are available. For
example, instructions 406 may read available repair uniis field 108, and instructions
408 may identify the valug in available repair units field 108. In some
implementations, PPR data may be read that includes an indication of how many
repair units the memory module has {&.g., how many repair units the memory module
is manufaciured with), and an indication of how many PPRs have been performed on
the memory module. In such implementations, instructions 408 may determine how
many repair units are available for performing PPR by sublracting the number of
PPRs performed from the number of repair units the memory module has.,

100377 Insiructions 410 may track PPRs performed on a memory module. For
exampls, instructions 410 may increment a counter gvery time a repalr unit is used
to perform a PPR on the memory module. The counter may be incremented when a
PPR complstion indication is recsived from the memory module. In some
implementations, instructions 410 may track PPRs performed on individual volatile
memory devices on a memaory module, maintaining a different counter for each
volatile memory device. In some implemeniations, instructions 410 may track PPRs
performed on multiple memory modules, maintaining a different counter for gach
memory moduie.

[00387  FiG. 5 is a block diagram of an example device 500 that includes a
machine-readable storage medium encoded with instructions to enable usage of a
counter to track repair unit availability. Device 500 may be a memory controller. in
soms implementations, device 500 may be part of an slectronic user device, such
as a nolebook computer, a deskiop compuler, a workstation, a tabletl computing
device, a mobile phone, or an slecironic book reader. In some implementations,
device 500 may be part of a server. In FIG. 5, device 500 includes processor 502
and maching-readable slorage medium 504,

(00387 As with processor 402 of FIG. 4, processor 502 may include a CPU,
microprocessor  {e.q., semiconductor-based microprocessor), and/or other
hardware device suitable for retrieval and/or execution of insiructions stored in

machine-readable storage medium 504, Processor 502 may fetch, decode, and/ or
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execute instruclions 506, B08, 510, 512, and 514 {0 enable usage of a counter to
track repair unit availability, as described below. As an allernative or in addition 1o
retrieving and/or executing instructions, processor 502 may include an electronic
circuit comprising a number of electronic components for performing the
functionaiity of instructions 506, 508, 510, 512, and/or 514.

(00407  As with machine-readable storage medium 404 of FIG. 4, machine-
readable storage medium 504 may be any suilable physical storage device that
stores executable instructions. Instructions 506, 508, and 510 on machine-readable
storage medium 504 may be analogous 0 instructions 406, 408, and 410 on
machine-readable storage medium 404. Instructions 512 may initialize, based on
PFPR data read from non-volatile memory on a memory module, a plurality of
counters. The plurality of counters may be initialized during boot time of the memory
module. In some implementations, the plurality of counters may be siored in a data
structure on a memory controller. The plurality of counters may include an available
repair units counter and a FPR completion counter. The available repair units countsr
may frack how many repair units are available for performing PPR on the memory
module. The PPR completion counter may track how many PPRs have been
performed on the memory module.

(00417 For example, exscution of instructions 506 may cause available repair
units field 108 and PPR completion field 110 io be read from non-volatile memory 106
of memory module 100. Instructions 512 may initialize an avaiiable repair unils
counter to have a value equal to the value of available repair units fisld 108. in some
implementations, an avallable repair uniis counter for 2 memory module may be
initialized with a value equal {0 the number of repair units manufaciured on the
memory module. Instructions 512 may initialize a PPR complstion counter to have a
value equal {o the value of PPR complstion field 110, In some implementations, a
memory module from which PPR data is read may have repair units of different types.
In such implementations, an available repair units field and a PPR complstion fisid
{e.g., available repair unils fields 208a-b and PPR completion fields 210a-b of FIG.
2}y may be read for each repair unit type, and instructions 512 may use the field values
to inilialize an available repair units counter and a PPR completion counter for each
repair unit type. In some implementations, available repair units fields and PPR

compietion fields corresponding to various volatile memory devices on a memory
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module may be read from non-volatile memory on the memory module, and
instructions 512 may use the field values to inilialize an available repair units counter
and a PPR completion counter for each volatils memory device.

100427  Instructions 514 may updale a plurality of counters as PFRs are
perfiormed on a memory module. For example, instructions 514 may include
instructions to decrement an available repair units counler, and increment a PPR
compiletion counter, in response {0 receiving a PPR complstion indication or an in-
progress indication. The PPR completion indication or in-progress indication may be
received in response to a PPR query issued by a memory controller to a volatile
memaory device on a memory module. If different counters are maintained for different
volatile memory devices andior repair unit types, instruclions 514 may
increment/decrement the appropriate counters based on information in the PPR
completion/in-progress indication, and/or information in the PPR guery in response
to which the PPR completion/in-progress indication was received, that identifies the
targeted volatile memory device and/or the repair unit type used in the PPR
corresponding to the PPR completion/in-progress indication.

10043] In some implementations, a PPR may be performed on a volatile
memaory device on a memory module without a2 command to perform a PPR being
issued by a memaory controller. Since the memory controller did not issue a command
for the PPR that is performed, the memory controller may not receive a PPR
completion indication when the PPR is completed, and an available repair units
counter maintained by the memory conirclier may not be decremented after the PPR
is completed, even though there is one less repair unit available after the PPR s
completed. A siluation may arise where there are no more repair units available for
PPR even though an available repair units counter maintained by the memory
controller has a non-zero value. Thus, instructions 514 may include instructions to set
an available repair units counter to zero in response 1o receiving an indication that no
PPR is available.

(00447 FiG. 6 is a block diagram of an example device 800 that includes a
machine-readable storage medium encoded with instructions to determing, based
on a counter value, whether (o initiate a PPR. In some implementations, device 600
may be part of an electronic user device, such as a notebook computer, a deskiop

computer, a workstation, a tablet computing device, a mobile phone, or an slectronic
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book reader. In some implementations, device 600 may be part of a server. In some
implemeniations, device 800 may be implemented on a server. In FIG. §, device
800 includes processor 802 and machine-readable storage medium 604.

100457  As with processor 402 of FIG. 4, processor 602 may include a CPU,
microprocessor  {e.q., semiconductor-based  microprocessor), andfor  other
hardware device suitable for retrieval and/or execution of instructions stored in
machine-readable storage medium 604. Processor 802 may fetch, decode, and/ or
execule instructions 806, 608, 610, 612, and 614. As an aslternative or in addition
to retrieving and/or executing instructions, processor 802 may include an elecironic
circuit comprising a number of electronic components for performing the
functionaiity of instructions 6086, 608, 810, 612, and/or 614,

(00467  As with machine-readable storage medium 404 of FIG. 4, machine-
readable storage medium 804 may be any suilable physical slorage device that
stores executable instructions. Instructions 606, 808, and 810 on machine-readable
storage medium 604 may be analogous 1o instructions 408, 408, and 410 on
machine-readable storage medium 404. Instructions 612 may determine, based on
a value of one of a plurality of counters, whether 0 initiate & PPR on a memory
module. For example, instructions 612 may identify a patlern of corrected memory
errors or a number of repeated error interrupts as a situation for which a PPR is
appropriate. In some implementations, instruciions 612 may delermine that a PPR is
o be initiated if the value of an available repair units counler is greater than zerg, and
that a PFR is not (o be initiated f the value of the avallable repair units counter is
equal 1o zero. The available repair unils counter may correspond {0 a memory module
or a specific volatile memory device on which a defective memory cell or cells are
identified. A PPR may be initiated during boot time or runtime of a memory module.

10047} in some implementations, instructions 612 may delermine that a PFR
is 1o be initiated if the value of a PPR compiletion counter is less than the number of
repair units on a memory module or a speciiic volatile memory device corresponding
to the PPR completion counter. instructions 612 may delermine that a PPRis not o
be initiated if the value of the PPR completion counter is equal fo or greater than the
number of repair units on the mamory module or specific volatile memory device. The
relevant memory module or specific volatile memory device may be one on which a

defective memory cell or cells are identified. if it is determined that a PPRis notto be
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initiated, a memory controller may use methods such as memory erasure or double
device daia correction {DDDC) to correct errors caused by the defective memory
celi{s), or may request a service call.

10048} Instructions 614 may wrile respective values of an available repair unils
counter and a PPR completion counter to a non-volatile memory on a memory
module. In some implemeniations, the counters may be incremented/decremented
each time a PPRis completed, and the new values of the counters may be written to
the non-volatile memory afler each PPR s compleled. Counter values may be writlen
to the non-volatile memory during boot time and/or runtime of the memory module.
in some implementations, counters may be incremented/decremented sach time a
PR s completed during runtime of the memory module, but the counter values might
not be writlen to the non-volatile memory uniil a command to reboot or power down
the memory moduls is issued. In some implemeniations, the countars may be stored
in a data structure on a memory controfler.

(00481 Methods related to storing PPR data in non-volatile memory are
discussed with respect to FIGS. 7-8. FIG. 7 is a flowchart of an example
method 700 for tracking PPRs. Although execution of method 700 is described
below with reference o processor 502 of FIG. 5, it should be understond that
exscution of method 700 may be performed by other suitable devices, such as
processors 402 and 602 of FIGS. 4 and 6, respeclively. Method 700 may be
implemented in the form of executable instructions stored on a machine-readable
storage medium and/or in the form of electronic cirouitry.

(00507 Method 700 may start in block 702, where processor 502 may read
PPR data, for a first memory modulg, from non-volatile memory on the first memory
module. The PPR data for the first memory module may include an indication of how
many PFPHRs have been performed on the first memory module. Forexample, the PPR
data for the first memory module may include a value of a PPR completion field in
non-volatile memory on the first memory module. in some implementations, PPR
data for the first memory module may be read, during boot time of the first memory
module, from an SPD EEPROM on the first memory module.

(00517 In block 704, processor 502 may read PPR data, for a second memory
module, from non-volatile memory on the second memory module. The PPR data for

the second memory module may include an indication of how many PFRs have been
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performed on the second memory module. Forexample, the PPR data for the second
maemory module may inciude a value of a PPR completion fisld in non-volatile
memaory on the second memory module. In some implementations, PPR data for the
second memory moedule may be read, during boot time of the second memory
module, from an SPD EEPROM on the second memory module. Although block 704
is shown below block 702 in FIG. 7, it should be undersiood that elements of block
704 may be performed befors or in parallel with elements of block 702,

(00527 In block 708, processor 502 may maintain a data structure for tracking
PPRs performed on the first and second memory modules. Fields of the data
structure may be initialized using the indications, read from non-volatile memory on
the first and second memory modules, of how many FPRs have been performed on
the first and second memory modules, respectively. In some implementations, the
data struciure may include a first available repair units field, a second available repair
units fisld, a third available repair units field, and a fourth available repair units field.
The first and second available repair units fields may indicate how many repair units
of a first type and of a second type, respectively, are available for performing PPR on
the first memory module. The third and fourth available repair units fields may indicate
how many repair units of the first type and of the second type, respectively, are
available for performing PPR on the second memory module,

(00531  In some implementations, the data struciure may include a first PPR
completion fisld, a second PPR completion field, a third PPR completion field, and a
fourth PPR completion field. The first and second PRFR completion fields may indicate
how many repair units of the first type and of the second type, respectively, have
been used to parform PPRs on the first memory module. The third and fourth PPR
completion fields may indicate how many repair units of the first type and ¢f the
second type, respactively, have been used to perform PRRs on the second mamory
module. in some implemeniations, fields of the data structure may correspond o
counters maintained by a memory controller, as discussed above with respect o
FiGD. §-6.

0054} FiG. 8 is a flowchart of an example meathod 800 for maintaining a dala
structure for PPR data. Although execution of method 800 is described below with
reference 1o processor 602 of FIG. 86, it should be understood that execution of

method 800 may be performed by other suilable devices, such as processors 402
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and 502 of FIGS. 4 and 5, respectively. Some blocks of method 800 may be
performed in parallel with and/or after method 700, Method 800 may be
implementsd in the form of execulable instructions stored on a maching-readable
storage medium and/or in the form of electronic circuifry.

(00557 Method 800 may starl in block 802, where processor 802 may initialize
fields of a data siructure for fracking PPRs. Fields of the data structure may include
available repair units fields and PPR completion fields, as discussed above with
respect to FiG. 7. Fields of the data structure may be iniliglized in a3 manner
analogous fo that of initializing counters, as discussed above with respect to FIG. 5.
Fields of the data structure may be initialized during boot time of a memory module.

00567  In block 804, processor 802 may delermine, based on values of fields
in the data structure, whether to initiale PPRs on the first and second memory
modulgs. In some implementations, processor 802 may determine that a PPRis o
be initiated If the value of an available repair units field in the data structure is greater
than zerg, and that a PPRis not to be initiated if the value of the avallable repair units
field is equal to zero. A first available repair units field may correspond to the first
memory module, and a second available repair units field may correspond 1o the
second memory module; a decision may be made regarding whether to initiate a PPR
on the first or second memory module based on the value of the respective available
repair uniis field,

100571 In block 808, processor 802 may update flelds in the data structure in
response o status indications and PPR completion indications. Fields in the data
structurs may be updated in a manner analogous 1o that of updating counters, as
discussed above with respect to FIG. 5. Although block 806 is shown below block 804
in FIG3. 8, it should be understood that slements of block 806 may be performed
before or in parallel with elements of block 804,

[00581  Theforegoing disclosure describes storing PPR data in a non-volatile
memaory on a memory module. Example implementations described herein gnable
more efficient use of resources when initiating and tracking PPRs, and tracking of
FPR data at a system level rather than at an individual volatile memory device

level,
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We claim:

1. A memory module comprising:
a plurality of volatile memory devices;
a plurality of repair units; and
non-volatile memory o store data about the plurality of volatile memory
devices, wherein the non-volatile memory comprises:

an available repair units field fo indicate how many of the plurality of
repair units are available for performing post package repair (FPR) on the
plurality of volatile memory devices; and

a PPR completion field to indicate how many PPRs have been
performed on the plurality of volatile memaory devices;

wherein the avaiiable repair units fleld and the FPR completion field
are 1o be read by a memory controller during boot time of the memory

module.

2. The memory module of claim 1, wherein the non-volatile memory
comprises a serial presence detect {(SPD) electrically erasable programmable

read-only memory (EEPROM).

3. The memory module of claim 1, wherein:

the plurality of repair units comprise repair units of a Tirst type and repair
units of a second type;

the non-volatile memory comprises a plurality of available repair units fields
and a plurality of PPR completion fields;

the plurality of available repair units figlds comprise a first available repair
units field and a second available repair unils field 10 indicate how many repair
units of the first type and of the second type, respectively, are available for
performing PPR on the plurality of volatile memory devices; and

the plurality of PRPR completion fields comprise a first PPR completion field
and a second PPR completion field {o indicate how many repair unils of the first
type and of the second type, respectively, have been used to perform PPRs on the

plurality of volatile memory devices.
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4. The memory module of claim 1, wherein the available repair unils field
and the PPR completion field are updated by the memory controller when the
memory module is rebooted or in response 1 a command o power down the

memory module.

5. The memory module of claim 1, further comprising a status module to
transmil, in response o a PPR query directed at one of the plurality of volatile
meamory devices:

an indication of PPR availability, if there is no PPR being performed on the
one of the plurality of volatile memory devices, and one of the plurality of repair
units is available for performing PPR on the ong of the plurality of volatile memory
devices, when the PPR query is received by the mamory module;

an in-progress indication, if a PPR is being performed on the one of the
plurality of volatile memory devices when the PPR query is received by the memory
module; and

an indication that no PPR is available, if none of the plurality of repair units
is avallable for performing PPR on the one of the plurality of volatile memory

devices when the PPR query is received by the memory module.

8. The memory module of claim 1, wherein the non-volatile memory
comprises a plurality of available repair units fields, each of the plurality of available
repair units fields corresponding 0 a respective one of the plurality of volatile
memory devices and indicating how many of the plurality of repair unils are
available for performing PPR on the respective one of the plurality of volatile

memory devices.

7. A maching-readable slorage medium encoded with instructions
execuiable by a processor, the machine-readable storage medium comprising:

insfructions 1o read post package repair (PPR) data, for a memory module,
from non-volatile memory on the memory module, wherein the PPR data for the
memory module comprises an indication of how many PPRs have been performed

on the memory maodule;
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instructions o defermine, based on PFR data read from non-voiatile
meamory on the memory moduie, how many repair units are available for performing
PPR on the memory module; and

instructions to track PPRs performed on the memory module.

8. The maching-readable storage medium of claim 7, wherein the PPR data
further comprisses an indication of how many repair unils are available for

performing PPR on the memory module.

9. The machine-readable storage medium of claim 7, further comprising:
instructions {o initialize, based on PPR data read from non-volatile memory
on the memory module, a plurality of counters, the plurality of counters comprising:

an available repair units counter 1o track how many repair units are
available for performing PPR on the memaory module; and

a PPR completion counter {o frack how many PPRs have been
performed on the memory module; and

insiructions to update the plurality of couniers as PPRs are

performed on the memory module.

10. The machine-readable storage medium of claim 9, wherein instructions
to update the plurality of counters comprise:

instructions to decrement the available repair units counter, and increment
the PPR completion counter, in response 10 receiving a PPR completion indication
or an in-progress indication; and

instructions 1o set the available repair unils counter 1o zero in responss o

recelving an indication that no PPR is available.

11. The machine-readable storage medium of ¢laim 8, further comprising:

instructions o delermine, based on a value of one of the plurality of
counters, whether to initiate a PPR on the meamory module; and

instructions to write respective values of the available repair units counter
and the PPR compietion counter to the non-volatile memory on the memory

module.
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12, A method comprising:

reading post package repair (PPR) data, for a first memaory module, from
non-volatiie memory on the first memory moduie, wherein the PPR data for the first
memory module comprises an indication of how many PPRs have been performed
on the first memory module;

reading PPR data, for a sscond memory module, from non-volatile memory
on the second memory module, wherein the FPR dala for the second memory
module comprises an indication of how many PPRs have been performed on the
second mamory moduls;

maintaining a data structure for tracking PPRs performed on the first and
second memory modules, wherein figlds of the dala struclure are initialized using
the indications, read from non-volatile memory on the first and second memory
maodules, of how many PPRs have been performed on the first and second memory

modules, respectively.

13. The method of claim 12, wherein:

PPR data for the first memory module is read, during boot time of the first
memory module, from a serial presence detect (SPD) electrically erasable
programmable read-only memory (EEPROMj} on the first memory module; and

PPR data for the second memory module is read, during boot time of the

second memory module, from an SPD EEFROM on the second memory module.

14. The method of ¢laim 12, wherein the data structure for tracking PPRs
comprises:

a first avallable repair units field and a second available repair units field to
indicate how many repair units of a first type and of a second iype, respectively,
are available for performing PPR on the first memory module;

a third available repair unils field and a fourth available repair units field {o
indicats how many repair units of the first type and of the second type, respectively,

are available for performing PPR on the sgcond memory module;
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a first PPR completion field and a second PPR completion field to indicate
how many repair units of the first type and of the second type, respeciively, have
been used to perform PPRs on the first memory module; and

a third PPR completion field and a fourth PPR completion field o indicale
how many repair units of the first type and of the second type, respectively, have

been used to perform PPRs on the second meamory module.

15. The method of claim 14, wherein maintaining the data struclure
comprises updating fields in the data struciure in response 1o siatus indications
and PPR completion indications, the method further comprising determining,
based on values of fields in the data structure, whether to initiate FPRs on the first

and second memory modules.
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