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(57) Abstract: Example implementations relate to memory power termination delays. In some examples, a computing system may
include a memory storage device, a memotry controller, an input/output (I/O) controller, a power management controller (PMC), a bus
compliant with an Enhanced Serial Peripheral Interface (eSPI) protocol, and a power control gating. The input/output controller may
transmit a power termination command to the power management controller via the bus compliant with the eSPI protocol. Upon a
receipt of the power termination command, the PMC may initiate a delay period of an assertion of the power termination command to
the power control gating and transmit a memory transfer command to the memory controller included in the memory storage device. The
memoty controller, upon receipt of the memory transfer command, may move data stored in volatile memory to non-volatile memory
included in the memory storage device. Upon expiration of the delay period, the PMC may assert the power termination command to
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MEMORY POWER TERMINATION DELAYS

Background

(0001} Data from a computing system may be stored in volatile memory and
nor-volatile memory of a memory storage device included in the computing system.
When the computing system receives a power termination command o remove
power, daia stored in the volatile memory may be lost, whereas data stored in the

non-volatile memory may persist

Brief Description of the Drawings

10002} Figure 1 illusirates an example diagram of a computing system
including an input/output (/O) controller communicatively coupled to a power
management controller (PMC) that is also communicatively coupled to a memory
contreller and a power conirol gating consistent with the disclosure.

[0003] Figure 2 illusirates an example diagram of a computing sysiem
inciuding a power termination caused by a depress event of a power bution for a
fength of time and an amount of data lost from volatile memory as a resuit consistent
with the disclosure.

[G004] Figure 3 illustrates an example diagram of a computing system
implementing a power termination command consistent with the disclosure.
[0005] Figure 4 iHlustrales an example diagram of a timeline of evenisin a
computing system for implementing a power termination command consistent with

the disclosurae.

100086 Figure & illustrates an example diagram of a computing system
including a PMC communicatively coupled to a first memory siorage device and a
second memory storage device consisient with the disciosure.

[0007] Figure & illusirates an example non-transitory machine-readable
medium for implementing a power termination command consistent with the

disclosure.
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(00081 Figure 7 iHlustrates an exampile flow diagram of a method for

implementing a power termination command consistent with the disclosure.

Detailed Description

(0009 Examples described herein relate {0 a delay of a power fermination
command of a computing system while data is moved from volatile memory {0 non-
volatile memory of a memaory storage device included in the computing system. In
examples described herein, the computing system includes a power bution, an
input/output (I/0) controlier, a power management controlier (PMC), a power control
gating, and the memory storage device. The memory siorage device can include a
memory controller, a volatile memory (e.¢., a dynamic random-access memaory
{DRAM)-based volatile memory) to cache or buffer the flow of data coming from the
computing system, and a non-volatiile memory (2.g., a negative-AND (NAND)-based
flash non-volatile memory) for more persistent storage of user data, metadata, and
other data. Because the memory storage device may include volatile memory and
non-volatile memory, the memory storage device may be, as a non-limiting example,
a non-volatile memory storage device {e.g., a solid-state drive (85D)).

(06107 in examples described herein, the PMC can be communicatively
coupled with the /O controlier, the memory controlier, and the power control gating.
The 1/O controller can be communicative coupled to the PMC through a bus over an
interconnecied fabric. As an example, the bus can be compliant with an Enhanced
Serial Peripheral Interface (eSF1) protocol or other similar protocols of the like. The
eSPI protocol allows power management commands, including ones from the /O
controlier, to be routed through the PMC. In one example, the I/O controller can
detect when a power bution of the computing device is depressed. The /O
controlier can determine a length of time (2.4, six seconds) for which the power
button is being depressed, thereby causing a depress event to occur. As used
herein, a depress event includes an engagement or activation of a power bution of &
computing system (e.g., via physical touch, via remote control, etc.), an unexpected
loss of power for a computing system, an unexpecied loss of power for a memory
storage device, and other similar circumstances of unaccounted for power loss as
are known in the art. When the length of time meets at least a threshold period of

time (e.g., four seconds), the /O controller initiates a power termination of the
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computing system. The I/O controller can accomplish the power termination by
transmitling, via the bus, a power termination command to the PMC.

[0011] As used herein, the example of six seconds for a length of time of the
depress event is non-limiting and the length of time could instead be greater or less
than six seconds. As used herein, the example of four seconds for a threshold
period of time is non-limiting and the threshold period of time can instead be greater
or less than four seconds. As used herein, the term “power termination” describes
the removal of power from the computing system sufficient {o leave the computing
device in a “non-active” mode, such as sieep, hibernate, shut down, power off, sic.
For example, power termination could result in the compuling system entering a non-
active mode of sleep state three (SLP_S83#). Entrance into the non-aclive mode can
cause data remaining in volatile memory {o be lost from the memory storage device
included in the computing sysiem.

(00121 In response o a receipt of the power termination command, the PMC
initiates a preservation of data (e.q., user data and/or metadata) in the volatile
memory of the memory storage device. The process involves delaying for g period
an assertion of the power termination command to a power control gating. The delay
period of the assertion of the power termination command resuits in adding a
configurable amount of time between the assertion and/or de-assertion of other
specific commands {e.q., codes sent over communication channels, specific voltage
levels applied o specific lines, or other types of commands) by the PMC that are
invoked during a power termination of the computing system.

[0013] In some examples, prior 1o, concurrent to, or following the delay of the
power termination command, the PMC transmits a memory transfer command io a
memory controller included in the memory storage device. The memory iransfer
command can move data from volatile memory to non-volatile memory of the
memory storage device during the delay period. In some examples, the memory
transfer command may include a command to cause data from volatile memory to be
“flushed” (moved) into non-volatile memory, as is known in the art. In some
examples, the command causing the flush may be a reset command for the memory
storage device. For example, the command may be a Peripheral Component
Interconnect express reset (PERST#) command that causes the data to be flushed
from volatile memory into non-volatite memory. For example, the command may be

a Power-Loss-Protection (PLP) command to the memory storage device thal can
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also cause the memory storage device to reset and have data flushed from volatile
memory to nen-volatile memory. Alternatively, or in addition {o the example
commands stated, the memory transfer command may include a different command
to perform a different function that causes the volatile memory to be flushed into non-
volatile memory.

[G014] in some examples, the delay periocd may be configurable based on the
amount of data to be moved from volatiie memory to non-volatile memory, a size of
the memory storage device, a rate at which data stored in the memory storage
device is ytilized, date and/or time when the memory storage device was last used,
and/or other characteristics well known in the art. Alternatively, or in addition to the
configuration based on the above stated characteristics, the delay period may be sei
by a manufacturer, an cperator, or an end user. As such, as used herein, the
examples of how long the delay period will last are non-limiting and can be greater or
less than the time listed. Upon expiration of the delay period, the PMC can assert
the power termination command {o the power control gatling.

[0015] Altermnatively, or in addition to the expiration of the delay pericd, the
memory storage device can transmit a memory transfer confirmation to the PMC
when daia from the volatile memory has been moved successiully o the non-volatile
memory. The memaory transfer command can be transmitted in real time, at certain
levels of data having been transferred, at ceriain points in time, upon successful
completion, or a combination thereof. When the PMC receives the memory iransfer
confirmation, the PMC can assert the power termination command {o the power
control gating, even if the delay period has vet to expire.

[00186] For example, a power bulton of a computing system may be depressed
for a length of time (e.g., six seconds). An /O controller detects the depress of the
power button and monitors the length of time. When the length of time at least
meets a threshold periocd of time (e.g., four seconds), the VO controller transmits a
power termination command to a PMC via a bus compliant with an €SP protocol.
The PMC initiates a delay period (e.g., one second) of an assertion of the power
termination command {0 a power control gating and transmit a memory transfer
command o a memory controller of a memory storage device included in the
computing sysiem. The memory coniroller can initiate a flush of the volatile memory
into non-volatile memeory by initiating a reset {(e.g., PERSTH) process. Upon

expiration of the delay period, the PMC can assert the power termination command
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to the power conirel gating to remove powser from the computing system, including
the memory siorage device. Alternatively, or in addition, the memory controller can
transmit a memory transfer confirmation to the PMC, subsequently causing the PMC
to assert the power termination command to the power control gating io remove
power from the computing system. The PMC can end the delay period upon receipt
of the memory transfer confirmation.

(00171 A computing system may include multiple memory storage devices.
The PMC can choose from a plurality of ways, or even a combination of different
ways from the plurality of ways, to determine a delay period that accounts for data
stored in the multiple memory storage devices. The PMC accounting for data stored
in the multiple memory storage devices is intended to signify that the PMC is
determining a delay period that will allow data stored in volatile memory to be flushed
into non-volatile memory of the multiple storage devices. One of the ways the PMC
can determine a delay period that accounts for the data is that the PMC can
associate a specific delay period with a specific memory storage device of the
multiple memory storage devices. When the specific delay pericd associated with
the specific memory storage device of the multiple memory storage devices expires,
the PMC can assert the power termination command to the specific memory storage
device.

[o018] Another way for the PMC to account for the data stored in the multiple
memory siorage devices is to assert a power termination command for a memory
storage device of the multiple memory storage devices when a memory transfer
confirmation is received from the specific memory storage device. For example, ina
computing system with a first memory storage device and a second memory storage
device, the first memory storage device transmils a memory ransfer confirmation to
the PMC, the PMC asserts a first power termination command to the first memory
storage device. The second memory storage device remains free from being
affected by the first power fermination command asserted to the first memory
storage device. Vhen the second memory storage device transmits a memory
transfer confirmation to the PMC, the PMC asserts a second power termination
command to the second memory storage device. When the PMC receives a
memory transfer confirmation, the PMC can end the delay period for the memory

storage device the memory transfer confirmation is recsived from.
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[0619] Another way for the PMC to account for the data stored in the multiple
memory storage devices is by ranking each memory storage device. The ranking
can be based on characteristics stated above. In other words, the memory storage
devices can be ranked based on a size of the memory storage device, a raie at
which data stored in the memory storage device is ulilized, date and/or ime when
the memory storage device was last used, a pre-defined ranking, and/or other
characteristics known in the art. in this way, a higher ranked memory storage device
can be used for determining the delay period. For example, in a system with a first
memory storage device and a second memory storage device, the delay pericd of
the assertion of the power termination command is based on a memory storage
device with a higher ranking.

10020] Figure 1 illusirates an example diagram of a computing system 100
including an 1O controller 102 communicatively coupled fo a PMC 108 that is also
communicatively coupled {o a memory coniroller 112 and a power control gating
115. As used herein, a computing system 100 includes a computing device
connected (o a memory resource, a processing resource, and a variety of peripheral
devices {e.q., keyboard, mouse, solid-state drive, etc.). As used herein, an I/O
controlier 102 is a hardware componert included in the computing system 100 that is
used {o manage communications between the peripheral devices and the computing
system. As used herein, a PMC 108 is a hardware component that manages power
functions of the computing system 100. As used herein, a memory controlier 112 is
a hardware component that manages data stored in the memeory storage device 116,
As used herein, a power conitrol gating 115 is a hardware component that allows the
computing system 100 to be in different modes of power, such as an active mode or
a non-active mode. As used herein, a memory storage device 118 is a device that
stores data for use by the computing system 100, wherein the data can be stored in
a voigtile memory 113 and/or a non-volatile memory 114, An example of a memory
storage device is a non-volatile storage device, such as a solid-state drive.

(06217 As shown in Figure 1, the /O controller 102 transmits a power
termination command 104, via a bus 106 over an interconnected fabric, o the PMC
108. The bus 106 can be compliant with an enhanced Serial Interface Protocol
{(e3P1) protocol, which allows the [/O controller to provide muitiple commands,
including the power {ermination command 104, to the PMC 108 via the bus 108. In

addition, a command transferred via the bus 106 can receive priority over any other
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command; the PMC 108 is to gate other commands as it addresses the power
termination command 104 sent to the PMC 108 by the /O controlier 102. The power
management controller 108, and the computing system 100 overall, can be updated
for utilization of the bus 108 independent of a physical component configuration.
100622] The PMC 108 can address the power termination command 104 by
initiating a delay period of an assertion of the power termination command 104 to a
power control gating 115. The delay period may extend for a predetermined but
configurable amount of time. The delay period may last for one second but can last
for more or less than one second based on the configuration. During the delay
period, the PMC 108 is to transmit a memory transfer command 110 to a memory
controlier 112 included within a memory storage device 116, The memory storage
device is 1o include the memory controlier 112, a volatile memory 113, and a non-
volatile memory 114, As an example, the memory transfer command 110 from the
PMC 108 is to cause the memory controller 112 to initiate a flush for the memory
storage device 116, and thereby cause data from the volatile memory 1o be flushed
into the non-volatile memory. In some examples, reset proceedings can initiale a
flush that may comprise a Peripheral Component Interface express (PCle) being
reset (PERESTH) so as to have data in volatile memory to be moved to non-volatile
memory. Alternatively, the memory controller 112 could initiate other functions that
cause data from the volatile memory to be flushed into the non-volatile memory. In
other words, the memory transfer command 110 comprises instructions to move data
from the volatile memory to the non-volatiie memory.

[0023] Upon expiration of the delay pericd, the PMC 108 is to assert the
power termination command 104 to the power control gating 115, which in turnis to
remove power from the computing system 100, including the memory siorage device
116. Removal of power is {0 reach a level where volatile memory from the memory
storage device 116 is to be lost. As such, the stale the computing system 100 may
be powered down to ranges from such things as a sleep state three (SLP_S3#)to a
complete loss of power.

[0024] Alternative to, or in addition te, the expiration of the delay period, the
memory controller 112, or the memory storage device 118, may transmit a memory
transfer confirmation to the PMC 108 when an amount of data stored in the volatile
memory has been transferred to the non-volatile memory. The amount of data may

be a complete amount of the data stored in the volatile memory or a lesser amount;
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the amount {0 be moved may be predetermined by a manufacturer, but configurable
by an operator, an end user, etc. As such, when the PFMC 108 receives the memory
transfer confirmation from the memory controlier 112, or the memory slorage device
118, the PMC 108 asseris the power termination command 104 to the power control
gating 115 independent of the expiration of the delay pericd. As used herein,
‘independent of the expiration of the delay period” describes assertion of the power
termination command by the PMC based on a receipt of the memory transfer
confirmation even when the delay period has yet {0 expire.

[0025] Figure 2 illusirates an example diagram of a computing system 200
including a power termination 224 caused by a depress event of a power bution for a
fength of time 222 and an amount of data 226 lost from volatile memory as a result
consistent with the disclosure. The computing system 200 experiences the power
termination 224 when the power button (not shown) undergoes a depress event {is
depressed) for a length of time 222 (e.q., six seconds). As has been described, an
YO controller (shown as 102 in Figure 1) monitors the depress event of the power
button and the /O controller determines the length of time 222 the power bution is
depressed for. When the length of time 222 meets a threshoid period of time (shown
as 425 in Figure 43, the /O controller initiates a power termination 224 of the
computing system 200. As such, the /O controller sends a power termination
command {shown as 104 in Figure 1) to a power management controlier (PMC)
(shown as 108 in Figure 1) via a bus compliant with eSPI (shown as 108 in Figure 1).
The PMC, upon receiving the power termination command, asserts the power
termination command 1o a power control gating (shown as 115 in Figure 1) without
any delay. As such, for example, an aclive low command (PS_ON#) of the
computing device 200 is de-asserted, and, as described above for exampie, a sleep
state three (SLP_S3#) command is asserted. In this example, the SLP_5S3#
command signifies entrance into a non-active mode where data 226 siored in volatile
memory is lost.

(00261 This is to be considered an “unclean” shut down as it does not aliow
the computing system 200 {o move data 228 stored in volatile memory o non-volalile
memory, and therefore ends up in losing said data 226 instead of saving it for when
the compuiing system 200 is made active again. The computing system 200, for
example, may be made aclive again when the computing system 200 wakes from

hibermnation or starts again from a shut down. Figure 2 is intended {0 serve as an
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example of how computing systems currently respond to their power buttons being
depressed for the length of ime.

(00271 Figure 3 illusirates an example diagram of a computing system 300
impiementing a power fermination command consistent with the disciosure. The
computing system 300 includes a power termination 324 caused by a depress event
of a power bution for a length of ime 322, a delay period 323 of the power
termination, and an amount of data 327 transferred to non-volatile memory (shown
as 114 in Figure 1) as a result of the delay pericd 323, Figure 3 is similar to Figure 2
in that the computing system 300 undergoes the power termination 324 afier the
power button of computing system 300 is depressed for the length of time 322 (e.q.,
six seconds). A difference between Figures 2 and 3 is that in Figure 3, a delay
period 323 takes place that allows for data stored in volatile memory {(shown as 113
in Figure 1) to be moved and become data 327 stored in the non-volatile memory.
[0028] As has been described, an /O confroller (shown as 102 in Figure 1)
monifors the depress event of the power bution and the /O controller determines the
length of time 322 the power button is depressed for. When the length of time 322
meets a threshold period of time (shown as 425 in Figure 4), the /O controller
initiates a power termination 324 of the computing system 300 and sends a power
termination command (shown as 104 in Figure 1) {o a power management controller
(PMC) (shown as 108 in Figure 1). The PMC initiates a delay period 323 of
assertion of the power termination command. During this delay pericd, the PMC
transmits a memory transfer command (shown as 110 in Figure 1) to @ memory
contreller {shown as 112 in Figure 1) included in a memory storage device {shown
as 116 in Figure 1). Upon expiration of the delay period 323, or, alternatively orin
addition, when the PMC receives a memory transfer confirmation signifying that data
has been moved from volatile memory to non-volatile memory, the PMC asserts the
power termination command o a power control gating {(shown as 115 in Figure 1).
The power control gating subsequently transmits the power termination o the
memory storage device, causing it {o power down as well as the computing system
300 as a whole.

[0029] The power removal from the computing system 300 in Figure 3 is
distinct from the power removal from the compuling system 200 in Figure 2 because
the data stored in the volalile memory is moved to the non-volatile memory in Figure

3, whereas the data stored in the volatile memory is lostin Figure 2.
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(00301 Figure 4 illustrates an example diagram of a timeline of evenisin a
computing system 400 for implementing a power termination command consistent
with the disclosure. The computing system 400 includes a length of time 422 of &
power button being depressed, a threshold period of time 425 after which a sleep
state three (SLF_S3#) command is transmitled, a delay period 423 before the
SLP_S3# command is asserted, a point in ime 428 when a PERST# command is
fransmitied, and a power termination 424 upon assertion of the SLP_S3# command.
As stated above, the PERST# command is being used as a non-limiting example
and can instead be replaced by ancther command that causes data o be flushed
from volatile memory to non-volatile memory.

(00311 in the non-limiting example of Figure 4, the power button (not showit)
of the computing system 400 is depressed for the length of time 422 {e.g., 6
seconds). This depression of the power button is detected and monitored by an /O
controlier (shown as 102 in Figure 1). The depression of the power button can also
be detected and tracked by a power management controller (PMC) (shown as 108 in
Figure 1). When the threshold period of time 425 is met by the length of time 422 of
the power bution being depressed (depress event), the /O controller transmits, via a
bus compiliant with an Enhanced Serial Peripheral interface (eSP1) profocol, a power
termination command (shown as 104 in Figure 1) {o the PMC.

[G032] in the non-limiting example of Figure 4, the power termination
command is a command {o enter a non-aclive mode of sleep state three (SLP_S3#%).
When the computing system 400 enters the non-active mode of SLP_S3#, an
unclean shut down occurs and data (shown as 226 in Figure 2) stored in volatile
memory is lost. To avoid the unclean shut down, the PMC initiates a delay period
423 of the assertion of the SLP_83# (power terminaiion) command and transmits a
memory transfer command to a memory controlier (shown as 112 in Figure 1). The
memory transfer command is labelied PERST# because it signifies a reset of the
Peripheral Component Interface express (PERST#) bus, which causes data to be
moved from volatile memory {o non-volatile memory in a memory storage device
{shown as 118 in Figure 1) included in the computing system 400. As such, datais
saved (shown as 327 in Figure 3) due to the delay of the entrance into the non-active
mode (SLP_S3#).

[0033] In the example of Figure 4, the power termination 424 ison a

command known as an active low command (PS_ON#). When PS_ON# is de-
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asserted, power fermination occurs. As such, when the delay period 423 expires,
the PMC asserts the power termination command of SLP_S3#, PS_ON# is de-
asserted, and the computing system 400 has power termination 424 occur.

[0034] Figure 5 illusirates an example diagram of a computing system 500
including a PMC 508 communicatively coupled to a first memory storage device 516
and a second memory storage device 517 consistent with the disclosure. In Figure
5, the PMC 508 receives a power termination command {shown as 104 in Figure 1)
from an /O controlier (shown as 102 in Figure 1) via a bus over an interconnected
fabric (shown as 1086 in Figure 1). Furthermore, the bus is compliant with an e5Pi
protocol.

[00358] In response {0 receiving the power termination command, the PMC 508
can transmit a first memory transfer command 530 to a first memory controller 518 of
the first memory storage device 516 and a second memory transfer command 531 to
a second memory conirolier 518 of the second memory storage device 517, After
fransmitling the memory transfer commands 530 and 531, the PMC 508 can initiate
a delay period (shown as 323 in Figure 3 and 423 in Figure 4) that accounts for data
stored in volatile memory (shown as 113 in Figure 1) of each memory siorage device
to be moved to non-voiatile memory (shown as 114 in Figure 1) of each memory
storage device. Alternatively, the PMC 508 can initiate the delay period in response
o recelving the power termination command followed by transmilting the memory
fransfer commands 530 and 531, Alternatively, the PMC 508 can concurrently
initiate the delay period and transmit the memory fransfer commands 530 and 531 in
response o receiving the power termination command.

[0036] As listed above, the PMC 508 can determine the delay period in a
plurality of ways. One of the ways the PMC 508 can determine a delay period that
accounts for the data stored in the volatile memory of each memory storage device
is that the PMC 508 can assert the power termination command for a specific
memory siorage device of the multiple memory storage devices when a memory
transfer confirmation is received from the specific memory storage device. For
example, as illustrated in Figure 5, the PMC 508 can initiate separate delay periods
for the first memory storage device 516 and the second memory storage device 517.
When the first memory storage device 518 transmiis @ memory transfer confirmation
532 to the PMC 508, the PMC 508 can assert a first power termination command

534 to the first memory siorage device 516 through a power control gating 515.
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When the second memeory storage device 517 transmits a memory transfer
confirmation 533 to the PMC 508, the PMC 508 can assert a second power
termination command 535 o the second memory storage device 517 through the
power confrol gating 515. The first memeory storage device 516 is to be free of affect
from the second power termination command 535 and the second memory storage
device 517 is to be free of affect from the first power termination command 534,
(00371 Figure 6 illustrates an example non-iransitory machine-readable
medium 800 for implementing a power termination command consistent with the
disclosure. A processing resource 660 may execule instructions stored on the non-
transitory machine readable medium 800. The processing resource 660 may be a
hardware processing unit such as a microprocessor, application specific insiruction
set processor, coprocessor, network processor, or similar hardware circuitry that can
cause machine-readable instructions to be executed. In some examples, the
processing resource 660 may be a plurality of hardware processing uniis that can
cause machine-readabile instructions to be executed. The processing resource 660
can include central processing units (CPUs) and/or graphics processing units
(GPUs), among other types of processing units. The non-transitory machine
readable medium 600 may be any type of voiatile or non-volalile memory or storage,
such as random-access memory (RAM), flash memory, read-only memory (ROM),
storage volumes, a hard disk, or a combination thereof.

[0038] The example medium 600 stores instructions 862 executabie by the
processing resource 660 to receive a power termination command (shown as 104 in
Figure 1) from an /O controller (shown as 102 in Figure 1) via a bus (shown as 108
in Figure 1) compliant with an eSPI protocol. The example medium 600 stores
instructions 664 executable by the processing resource 650 1o initiate a delay period
of an assertion of the power termination command. The example medium 600
stores instructions 668 executable by the processing resource 660 to transmit a
memory transfer command (shown as 110 in Figure 1) io a memory storage device
{shown as 118 in Figure 1). The example medium 600 stores instructions 668
executable by the processing resource 860 to assert the power termination
command o a power control gating (shown as 115 in Figure 1) upon expiration of
the delay period {0 remove power from the memory storage device.

[0039] The example medium 600 can also store instructions executable by the

processing resource 860 {0 receive a memory transfer confirmation from the memaory
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storage device. The example medium 800 can also store instructions executable by
the processing resource 860 o assert the power termination command {o the power
control gating to remove power from the memory storage device when the memory
transfer confirmation is received, even when the delay period has vet io expire.
100407 Figure 7 illusirates an exampile flow diagram of a method 700 for
implementing a power termination command consistent with the disclosure. Al block
772, the method 700 can include detecting a depress event of a power buiton. For
example, the method 700 can include an /O controlier (shown as 102 in Figure 1)
detecting a depress event of a power bution of a computing system (shown as 100 in
Figure 1). For example, the method 700 can include a PMC (shown as 108 in Figure
1) detecting a depress event of a power button of a compuling system {(shown as
100 in Figure 1), In some examples, the depress event can continue for a length of
time (e.q., six seconds).

(00417 At block 774, the method 700 can include transmitting a power
termination command to the PMC. For example, the method can include the VO
controlier transmitling a power termination command to the PMC. Atblock 778, the
method 700 can include initiating a delay period of an asseriion of the power
termination command. For example, the method 700 can include the PMC initiating
a delay of the assertion {o a power control gating (shown as 115 in Figure 1) of the
power termination command.

(00421 At block 778, the method 700 can include transmitling a memory
transfer command (shown as 110 in Figure 1) o @ memory storage device {(shown
as 116 in Figure 1). In some examples, the method 700 can include the PMC
transmitting a memory transfer command to a memory controller {shown as 112 in
Figure 1) of the memory storage device. In some examples, the method 700 can
include the PMC transmitling the memory transfer to the memory storage device.
10043] At block 780, the method 700 can incdlude asserting the power
termination command upon expiration of the delay period. For exampie, the method
can include the PMC asserting the power termination command {o the power control
gating to remove power. In soeme examples, the power termination command can
include removing power from the memory storage device. In some examples, the
power termination command can include removing power from the computing

system.
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(00441 in some examples, the detecting can comprise monitoring, by the /O
contrelier, the length of time for which the power bution is depressed. In other
examples or in addition, the detecting can further comprise determining, by the /O
controlier, when the length of time at least meeis a threshold period of time that
initiates a power termination of the computing device.

[G045] In some examples, the power termination command can cause the
memory siorage device (o enter a non-aclive mode where volalile memory is lost. In
gther examples or in addition, the power termination command can cause the
computing device to power off.

[00486] In some examples, the memory transfer command can include a
command for the memory storage device to reset.

100471 In some examples, the method 860 can further comprise asserting, by
the PMC, the power termination command to the power control gating independent
of the expiration of the delay period when the PMC receives a memory transfer
confirmation from the memory storage device.

[0048] In some examples, the memory storage device can be a sclid-state
drive, or another non-volatile storage device of the sort.

[0048] in the examples above, a lime that components take to process and
transmit commands was ignorad to show the concept in a clear fashion. Described
above and throughout this disclosure are examples that are not intended 1o be
fimiting. Components described herein may be combined or made further separate.
Terms used herein, such as “slesp state three”, are well known to individuals skilled
in the art.
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What is claimed:

1. A system comprising:
a memory storage device including:
a memory controller,
non-volatile memory, and
volatile memory;
an inputioutput (I/0) controller coupled to the memory storage device,
and
a power management controller (PMC) coupled to the /O controlier to:
receive, via a bus over an interconnected fabric, a power
termination command from the /O controller to the power management
conirollern
initiate a delay period of an assertion of the power termination
command;
during the delay period, transmit a memory transfer command to
the memory controller responsive 10 a receipt of the power termination
command, wherein the memory transfer command comprises instructions
{0 move data from the volatile memory (o the non-voiatile memory, and
assert, upon an expiration of the delay perind, the power

termination command to a power control gating 1o remove power.

2. The system of claim 1, wherein the bus is compliant with an enhanced Serial
Peripheral Interface (eSP1) protocol, wherein /O controller is to provide
multiple commands including the power termination command to the power

management controlier via the bus.

3. The systemn of claim 1, wherein a command transferred via the bus is {0

receive priority over any other command.

4. The system of claim 1, wherein the PMC is to be updated for utilization of the

bus independent of a physical component configuration.

5. The system of claim 1, wherein the delay period of the assertion of the power

fermination command is {o extend for an amount of time.
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&. A method, comprising:

detecting, by an input/ouiput (1/O) controller of a computing device, a
depress of a power buiton of the computing device;

transmitting, by the /O controller via a bus compliant with an Enhanced
Serial Peripheral Interface (eSP1) protocol, a power termination command to a
power management controller (PMC) of the computing device,

initiating, by the PMC, a delay period of an assertion of the power
termination command;

transmitting, by the PMC to a memory controller of a memory storage
device of the computing device, a memory transfer command responsive io
the initiation of the delay period of the assertion of the power termination
command, wherein the memory transfer command comprises instructions to
move data from volatiie memory 1o non-volatile memory of the memory
storage device; and

asserting, by the PMC upon an expiration of the delay period, the
power termination command to remove power to a power control gating of the

memory storage device.

7. The method of claim 8, wherein the detecling comprises:

maonitoring, by the VO controller, a length of time for which the power button is
depressed; and

determining, by the /O controlier, when the length of time at least meets a

threshold period of time that initiates a power termination of the computing device.

8. The method of claim 6, wherein the power termination command causes the

memory storage device {o enter a non-active mode where volatile memory is lost.

8. The method of claim 8, wherein the power termination command causes the

computing device to power off.

10. The method of claim 8, wherein the memory transfer command includes a

command for the memory storage device to reset.
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11.  The method of claim 8, further comprising asserting, by the PMC, the power
termination command o the power control gating independent of the expiration of
the delay period when the PMC receives a memory transfer confirmation from the

memory storage device.

12. The method of claim 6, wherein the memory slorage device is a solid-state

drive.

13. A computing system comprising:
a power management controlier (PMC);
an input/output (I/0} controlier to:
detect a depress event of a power bution of the computing system; and
transmit, to the PMC via a bus compliant with an Enhanced Serial
Peripheral interface (eSP1) protocol, a power termination command, wherein the
deprass event is detecled for a threshoid period of time;
the PMC to:
initiate a delay period of an assertion of the power termination
command;
responsive to a receipt of the power termination command, transmit a
memory transfer command to a first non-volatile storage device and a second non-
volatile storage device, wherein the memory fransfer command comprises
instructions to move data from volatile memory of the first and second non-volatile
storage devices {0 non-volatile memory of the first and second non-volatile storage
devices, respectively;
receive a first memory transfer confirmation from the first non-volatile
storage device and a second memaory transfer confirmation from the second non-
volatile storage device, and
responsive to a receipt of the first and second memory transfer
confirmations, assert the power termination command to a power control gating to
remove power from the computing system, including the first and second non-volatile

storage devices.

14. The computing system of claim 13, wherein the delay period extends until the

first non-volatile storage device has transmitted the first memory transfer
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confirmation to the PMC, and the second non-volatile storage device has fransmitted

the second memory transfer confirmation to the PMC.

15.  The computing system of claim 13, wherein, independent of the receipt of the
first and second memory transfer confirmations, the PMC is o assert, upon an
expiration of the delay period, the power termination command to the power conirol
gating to remove power from the computing system, including the first and second

non-volatile storage devices.
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