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MONITORING VOLTAGE LEVELS OF EACH OF A PLURALITY OF
REGULATORS OF A POWER MANAGEMENT COMPONENT (PMC),
WHEREIN THE PLURALITY OF REGULATORS ARE CONFIGURED TO 1332
OUTPUT DIFFERENT VOLTAGES BASED ON DIFFERENT
RESPECTIVE OPERATION STATES OF THE PMIC

RESPONSIVE TO DETERMINING THAT THE
OUTPUT VOLTAGES OF THE PLURALITY OF
REGULATORS HAVE REACHED RESPECTIVE
THRESHOLD VOLTAGE LEVELS
CORRESPONDING TO A CURRENT
OPERATION STATE OF THE
POWER MANAGEMENT COMPONENT,
ALLOWING AN OPERATION
STATE CHANGE OF THE
POWER MANAGEMENT COMPONENT

RESPONSIVE TO DETERMINING THAT THE
OUTPUT VOLTAGES OF THE PLURALITY OF
REGULATORS HAVE NOT YET REACHED THE
RESPECTIVE THRESHOLD VOLTAGE LEVELS
CORRESPONDING TO A CURRENT
OPERATION STATE OF THE
POWER MANAGEMENT COMPONENT,
PREVENTING THE OPERATION
STATE CHANGE OF THE
POWER MANAGEMENT COMPONENT
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POWER MANAGEMENT COMPONENT FOR
MEMORY SUB-SYSTEM POWER CYCLING

TECHNICAL FIELD

[0001] Embodiments of the disclosure relate generally to
memory sub-systems, and more specifically, relate to a
power management component for memory sub-system
power cycling.

BACKGROUND

[0002] A memory sub-system can be a storage system,
such as a solid-state drive (SSD), and can include one or
more memory components that store data. The memory
components can be, for example, non-volatile memory com-
ponents and volatile memory components. In general, a host
system can utilize a memory sub-system to store data at the
memory components and to retrieve data from the memory
components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The present disclosure will be understood more
fully from the detailed description given below and from the
accompanying drawings of various embodiments of the
disclosure.

[0004] FIG. 1 illustrates an example computing environ-
ment that includes a memory sub-system in accordance with
some embodiments of the present disclosure.

[0005] FIG. 2 illustrates an example of a power manage-
ment component in accordance with some embodiments of
the present disclosure.

[0006] FIG. 3 is a flow diagram of an example method for
monitoring voltage levels of a memory sub-system in accor-
dance with some embodiments of the present disclosure.
[0007] FIG. 4 is a block diagram of an example computer
system in which embodiments of the present disclosure can
operate.

DETAILED DESCRIPTION

[0008] Aspects of the present disclosure are directed to a
power management component for memory sub-system
power cycling. A memory sub-system is also hereinafter
referred to as a “memory device.” An example of a memory
sub-system is a storage system, such as a solid-state drive
(SSD). In some embodiments, the memory sub-system is a
hybrid memory/storage sub-system. In general, a host sys-
tem can utilize a memory sub-system that includes one or
more memory components. The host system can provide
data to be stored at the memory sub-system and can request
data to be retrieved from the memory sub-system.

[0009] Memory sub-systems (e.g., SSDs) can include a
power management component such as a power manage-
ment integrated circuit (PMIC). A power management com-
ponent can include various regulators providing output
voltages to power various system components, such as
control circuitry, input/output (I/O) circuitry, array core
circuitry, peripheral components, etc. The regulators can
include buck regulators, boost regulators, and/or low-drop-
out (LDO) regulators, among other regulator types. The
regulator output voltages can correspond to various voltage
rails for the memory sub-system, such as [/O rails, supply
rails, reference rails, etc. As used herein, a voltage rail (or
rail voltage) can be used to refer to an output voltage of a
voltage regulator configured for a particular load. Some
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common voltage rails can include IV, 2.5V, 3.3V, and 5V;
however, embodiments of the present disclosure are not
limited to particular rail voltage values.

[0010] In various instances, it can be beneficial to ensure
that various memory sub-system voltage rails reach particu-
lar threshold voltage levels prior to certain memory sub-
system events, such as prior to allowing a power manage-
ment component of the memory sub-system to start/restart
due to a memory sub-system power cycling event (e.g.,
reboot), for instance. For example, allowing a power man-
agement component of an SSD to restart prior to the rail
voltages having been allowed to bleed to sufficiently low
levels can have drawbacks such as damaging circuit com-
ponents and/or enabling internal leakage paths, among other
drawbacks. Some conventional memory sub-systems may
wait a predetermined amount of time subsequent to system
power loss (e.g., due to shutdown or otherwise) prior to
allowing the power management component to restart in
order to allow any floating voltage rails time to bleed. Some
conventional memory sub-systems may use bleed resistors
to assist with reducing voltage rail float, while some con-
ventional memory sub-systems may check a dedicated pin
(e.g., on the power management component) to determine
whether a particular voltage rail has reached a sufficient
bleed level. However, use of bleed resistors can be insuffi-
cient for ensuring that the voltage rails have reached suffi-
ciently low levels prior to reboot, and adding dedicated pins
can be very costly to implement and may increase memory
sub-system printed circuit board area to an unacceptable
size.

[0011] In contrast, aspects of the present disclosure
address the above and other deficiencies by actively moni-
toring power management component output voltages cor-
responding to respective voltage rails within a memory
sub-system, such as an SSD. The output voltages can be
from respective regulators and can correspond to different
voltage rails. In various embodiments, the regulator output
voltage levels can be monitored by being fed back to a
control component (e.g., sequencer) of the power manage-
ment component. The control component can monitor the
regulator voltages, determine when a set of the regulators
voltages meets respective threshold voltage levels, and in
response, allow a memory sub-system event to occur. For
example, prior to allowing a memory sub-system reboot, the
control component can confirm that all of the applicable
voltage rails have reached their respective threshold voltage
levels.

[0012] FIG. 1 illustrates an example computing environ-
ment 100 that includes a memory sub-system 104 in accor-
dance with some embodiments of the present disclosure. The
host system 102 can be a computing device such as a
desktop computer, laptop computer, network server, mobile
device, or such computing device that includes a memory
and a processing device. The host system 102 can include or
be coupled to the memory sub-system 104 so that the host
system 102 can read data from or write data to the memory
sub-system 104. The host system 102 can be coupled to the
memory sub-system 104 via a physical host interface. As
used herein, “coupled to” generally refers to a connection
between components, which can be an indirect communi-
cative connection or direct communicative connection (e.g.,
without intervening components), whether wired or wire-
less, including connections such as electrical, optical, mag-
netic, etc. Examples of a physical host interface include, but
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are not limited to, a serial advanced technology attachment
(SATA) interface, a peripheral component interconnect
express (PCle) interface, universal serial bus (USB) inter-
face, Fibre Channel, Serial Attached SCSI (SAS), etc. The
physical host interface can be used to transmit data between
the host system 102 and the memory sub-system 104. The
host system 102 can further utilize an NVM Express
(NVMe) interface to access the memory components 118-1
to 118-N when the memory sub-system 104 is coupled with
the host system 102 by the PCle interface. The physical host
interface can provide an interface for passing control,
address, data, and other signals between the memory sub-
system 104 and the host system 102.

[0013] The memory sub-system 104 can include media,
such as memory components 118-1 to 118-N. The memory
components 118-1 to 118-N can be volatile memory com-
ponents, non-volatile memory components, or a combina-
tion of such. In some embodiments, the memory sub-system
104 is a storage system. An example of a storage system is
a SSD. In some embodiments, the memory sub-system 104
is a hybrid memory/storage sub-system. In general, the
computing environment 100 can include a host system 102
that uses the memory sub-system 104. For example, the host
system 102 can write data to the memory sub-system 104
and read data from the memory sub-system 104.

[0014] The memory components 118-1 to 118-N can
include various combinations of the different types of non-
volatile memory components and/or volatile memory com-
ponents. An example of non-volatile memory components
includes a negative- and (NAND) type flash memory. Each
of the memory components 118-1 to 118-N can include one
or more arrays of memory cells such as single level cells
(SLCs) or multi-level cells (MLCs) (e.g., triple level cells
(TLCs) or quad-level cells (QLCs)). In some embodiments,
a particular memory component can include both an SLC
portion and a MLC portion of memory cells. Each of the
memory cells can store one or more bits of data (e.g., data
blocks) used by the host system 102. Although non-volatile
memory components such as NAND type flash memory are
described, the memory components 118-1 to 118-N can be
based on various memory technologies and/or array archi-
tectures. In some embodiments, the memory components
118-1 to 118-N can be, but are not limited to, random access
memory (RAM), read-only memory (ROM), dynamic ran-
dom access memory (DRAM), synchronous dynamic ran-
dom access memory (SDRAM), phase change memory
(PCM), magneto random access memory (MRAM), nega-
tive- or (NOR) flash memory, electrically erasable program-
mable read-only memory (EEPROM), and which can be
arranged as a planar array, a cross-point array, three-dimen-
sional cross-point array, etc.

[0015] The memory system controller 106 can communi-
cate with the memory components 118-1 to 118-N to per-
form operations such as reading data, writing data, or
erasing data at the memory components 118-1 to 118-N and
other such operations. The memory system controller 106
can include hardware such as one or more integrated circuits
and/or discrete components, a buffer memory, or a combi-
nation thereof. The memory system controller 106 can be a
microcontroller, special purpose logic circuitry (e.g., a field
programmable gate array (FPGA), an application specific
integrated circuit (ASIC), etc.), or other suitable processor.
The memory system controller 106 can include a processing
device (e.g., processor 114) configured to execute instruc-
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tions stored in local memory 116. The local memory 116 of
the memory system controller 106 includes an embedded
memory configured to store instructions for performing
various processes, operations, logic flows, and routines that
control operation of the memory sub-system 104, including
handling communications between the memory sub-system
104 and the host system 102. In some embodiments, the
local memory 116 can include memory registers storing
memory pointers, fetched data, etc. The local memory 116
can also include read-only memory (ROM) for storing
micro-code.

[0016] While the example memory sub-system 104 in
FIG. 1 has been illustrated as including the memory system
controller 106, in another embodiment of the present dis-
closure, a memory sub-system 104 may not include a
memory system controller 106, and may instead rely upon
external control (e.g., provided by an external host, or by a
processor or controller separate from the memory sub-
system).

[0017] In general, the memory system controller 106 can
receive commands or operations from the host system 102
and can convert the commands or operations into instruc-
tions or appropriate commands to achieve the desired access
to the memory components 118-1 to 118-N. The memory
system controller 106 can be responsible for other opera-
tions such as wear leveling operations, garbage collection
operations, error detection and error-correcting code (ECC)
operations, encryption operations, caching operations, and
address translations between a logical block address and a
physical block address that are associated with the memory
components 118-1 to 118-N. The memory system controller
106 can further include host interface circuitry to commu-
nicate with the host system 102 via a physical host interface
(not shown). The host interface circuitry can convert the
commands received from the host system into command
instructions to access the memory components 118-1 to
118-N as well as convert responses associated with the
memory components 118-1 to 118-N into information for the
host system 102.

[0018] The memory sub-system 104 can also include
additional circuitry or components that are not illustrated.
For instance, the memory components 118-1 to 118-N can
include control circuitry, address circuitry (e.g., row and
column decode circuitry), and/or input/output (I/O) circuitry
by which they can communicate with memory system
controller 106 and/or host system 102. As an example, in
some embodiments, the address circuitry (can receive an
address from the memory system controller 106 and decode
the address to access the memory components 118-1 to
118-N.

[0019] Insomeembodiments, the memory sub-system 104
can receive an event signal (e.g., a restart signal), for
example, from the host system 102. An event signal requests
the memory sub-system 104 to perform one or more opera-
tions to initiate the event (e.g., restart). For example, the
event signal may be a restart signal that requests the memory
sub-system 104 to perform one or more operations to restart
the memory sub-system 104. Responsive to receipt of the
event signal (e.g., restart signal), some components of the
memory sub-system 104, such as the power management
component 108, can be configured to determine, prior to
performing the operation(s) for the event (e.g., restart),
whether event requirements are met to avoid any undesirable
issues that can result from the event occurring without
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meeting the event requirements. The event requirements can
specify threshold voltage levels to be met by each compo-
nent of the memory sub-system 104 and/or the power
management component 108 prior to allowing the occur-
rence of the event. Embodiments of the present disclosure
are not limited to event signals associated with restart of a
memory subsystem 104. For example, the event signals can
correspond to other events, which can include power cycling
events (e.g., shutting down and/or restarting) of various
other components of computing environment 100 and/or
events associated with status changes of the system and/or
components thereof.

[0020] The power management component 108 can
change operation states. Example states can include, and are
not limited to, an active state and a reduced power state. The
active state can be entered responsive to a restart signal
received at the power management component 108 from the
host system 102. A reduced power state can include a sleep
state, a standby state, and/or an off state, among other types
of operation states, in which the power management com-
ponent 108 of the memory sub-system 104 is configured to
output lower voltages than those associated with operation
of an active state. An event can change the operation state of
the power management component 108. For example, the
restart of the memory sub-system 104 can include changing
the memory sub-system 104 from a reduced power state into
an active state.

[0021] The memory sub-system 104 includes a power
management component 108. In some embodiments, the
power management component 108 and/or functionality of
the power management component 108 is part of the host
system 102, an application, or an operating system.

[0022] The power management component 108 can fur-
ther include a control component 110, feedback circuitry
109, and regulators 112-1 to 112-M. The voltage levels of
the regulators 112-1 to 112-M can be monitored by the
control component 110. In various embodiments, the power
management component 108 can include a power manage-
ment integrated circuit (PMIC) (not shown in FIG. 1) within
which the control component 110 can be integrated. As
described below in connection with FIG. 2, in some embodi-
ments, a portion of the regulators 112-1 to 112-M can be
located internal to the PMIC of the power management
component 108 while another portion of the regulators 112-1
to 112-M can be located external to the PMIC of the power
management component 108. However, embodiments are
not so limited. For example, all of the regulators 112-1 to
112-M can be located internal to the PMIC or external to the
PMIC.

[0023] The memory sub-system 104 can operate in various
modes such as power up/down, operation, sleep, standby,
etc. The monitored threshold voltage levels of the regulators
can be programmable (e.g., by the controller) based on the
different modes.

[0024] The control component 110, which can include
hardware in combination with software and/or firmware, can
be configured to monitor the voltage levels of the regulators
112-1 to 112-M by comparing output voltages of the regu-
lators 112-1 to 112-M with respective threshold voltages. A
threshold voltage level can be representative of a voltage
level that is sufficiently low (or high) so as to avoid adverse
effects to memory sub-system components to which the
output voltages are provided (e.g., due to residual voltage)
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responsive to the occurrence of the event (e.g., restart) of a
memory sub-system, for instance.

[0025] The control component 110 can be further config-
ured to adjust the output voltages of the regulators 112-1 to
112-M based on operation state change of the power man-
agement component 108. For example, responsive to a
restart of the memory sub-system 104 that puts the power
management component 108 in the restart state (e.g., an
active state) from the reduced power state, the control
component 110 can adjust output voltages of the regulators
112-1 to 112-M to respective voltage levels corresponding to
the restart state.

[0026] In some embodiments, the regulators 112-1 to
112-M can be configured to provide output voltages (e.g.,
operating voltages) to various components of the memory
sub-system 104. As described herein, the output voltages can
correspond to various voltage rails of the memory sub-
system, such as [/O rails, supply rails, reference rails, etc.
that are provided to power various system components, such
as control circuitry, input/output (I/O) circuitry, array core
circuitry, peripheral components, etc. For example, the out-
put voltages of the regulators 112-1 to 112-M can corre-
spond to respective supply voltage rails used in the SSD.

[0027] The feedback circuitry 109 can be coupled to the
regulators 112-1 to 112-M and to the control component 110.
In some embodiments, the feedback circuitry 109 can be
configured to receive output voltages of the regulators 112-1
to 112-M as respective inputs and provide feedback signals
to the control component 110. The feedback signals can
indicate whether the respective output voltages have reached
particular threshold voltage levels. As further described in
connection with FIG. 2, the feedback circuitry 109 can
include comparators configured to provide respective feed-
back signals to the control component 110 based on com-
parisons of the corresponding respective regulators output
voltages to respective reference voltages.

[0028] The power management component 108 can be
configured, using the control component 110, to monitor the
respective feedback signals, and control adjustment of the
output voltages of the regulators 112-1 to 112-M based on an
operation state change of the power management component
108 and/or an occurrence of an event such as a restart of the
memory sub-system 104. For example, when the power
management component 108 determines, based on the
respective feedback signals, that the reboot requirements are
met (e.g., that the monitored voltages have all reached
respective threshold voltage levels), the power management
component 108 can allow the restart of the memory sub-
system 104 and/or adjust output voltages corresponding to a
number of regulators 112-1 to 112-M to voltage levels
corresponding to a restart state (e.g., active state). Stated
alternatively, the power management component 108 can
prevent the restart of the memory sub-system 104 and/or
delay adjusting the output voltages to voltage levels corre-
sponding to the restart state, for example, when the power
management component 108 determines that the reboot
requirements are not met (e.g., that one or more monitored
voltages have not reached a threshold voltage level). As used
herein, a reboot requirement can be used to refer to a
requirement that needs to be met prior to reboot a memory
sub-system such as the memory sub-system 104. Further
details regarding operation of the power management com-
ponent 108 are described below.
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[0029] FIG. 2 illustrates an example of a power manage-
ment component 208 in accordance with some embodiments
of the present disclosure. The power management compo-
nent 208 can include a PMIC 211 and regulators 212-X to
212-Y. The PMIC 211 can include a control component 210
and voltage converter 224. The voltage converter 224 can
include regulators 212-1 to 212-N, and feedback circuitry
illustrated, for example, as comparators 225-1 to 225-N and
comparators 225-X and 225-Y. Regulators 212-1 to 212-N
can be located internal to the PMIC 211 and regulators
212-X to 212-Y can be located external to the PMIC 211, as
shown in FIG. 2. In some embodiments, the external regu-
lators 212-X to 212-Y can be coupled to the PMIC 211 via
respective general-purpose input output (GPIO) pins and/or
lines. The internal regulators 212-1 to 212-N and the exter-
nal regulators 212-X to 212-Y can be collectively referred to
as regulators 212.

[0030] The PMIC 211 and/or the external regulators
212-X to 212-Y can be powered by an input voltage 220
(e.g., VDD), which can be a main power supply provided by
a host, for example. The input voltage 220 can be generated
by the memory sub-system (e.g., memory sub-system 104
illustrated in FIG. 1) or by electronic devices coupled
thereto.

[0031] The PMIC 211, via voltage converter 224, can
convert the received input voltage 220 into multiple output
voltages 228-1 to 228-N using regulators 212-1 to 212-N.
The PMIC 211, via voltage converter 224, can convert the
received input voltage 220 into multiple output voltages
228-X to 228-Y using regulators 212-X to 212-Y. The output
voltages 228-1 to 228-N and output voltages 228-X to
228-Y can be collectively referred to as output voltages 228.
[0032] The regulators 212 can be configured to generate
respective output voltages 228, which can be provided to a
respective component of the memory sub-system such as the
memory system controller 106, the processor 114, the local
memory 116, and the memory components 118-1 to 118-N
and/or various circuitry associated therewith (e.g., /O cir-
cuitry, address circuitry, control circuitry, etc.). The regula-
tors 212 can include a low-dropout (LDO) regulator, a
buck-boost converter, a buck regulator, a boost regulator, or
combination thereof, although embodiments are not so lim-
ited.

[0033] As an example, an LDO regulator can be a linear
voltage regulator that operates with a very small input-
output differential voltage that can regulate an output volt-
age of the buck-boost converter to output one of the output
voltages 228. Multiple LDO regulators can be provided
based on the output voltages 228 that are used in the memory
sub-system.

[0034] A buck-boost converter can detect the input voltage
220 and can operate in a buck-mode when the input voltage
220 is higher than an output voltage from the buck-boost
converter. The buck-boost converter can operate in a boost-
mode when the detected input voltage 220 is lower than an
output voltage from the buck-boost converter. The buck-
boost converter can contribute to output of a constant
voltage.

[0035] A buck regulator can be a voltage reduction-type
direct current (DC)/DC converter that can generate a pre-
determined output voltage by reducing the input voltage
220. The buck regulator can use a switching device that is
turned on/off in a certain period and can have a structure in
which an input power supply (e.g., the input voltage 220) is
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connected to a circuit while the switch is turned on and is not
connected to the circuit while the switch is turned off. The
buck regulator can output a DC voltage by averaging,
through an inductor-capacitor (LC) filter, a voltage having a
pulse shape that is periodically connected to or disconnected
from a circuit in this manner. The buck regulator can use a
principle of generating an output voltage by averaging a
pulse voltage by periodically chopping a DC voltage such
that the output voltage of the buck regulator can have a
voltage that is less than an input voltage 220 of the buck
regulator.

[0036] A boost regulator can be a voltage boost-type
DC/DC converter. In the boost regulator, when a switch is
turned on, the input voltage 220 can be connected to two
terminals of an inductor to form a charge current. When the
switch is turned off, the charge current can be transferred to
a load. Accordingly, the amount of current of an output
terminal of the boost regulator can be less than that of an
input terminal of the boost regulator. Since there is no loss
due to an operation principle of the boost regulator, an
output voltage of the boost regulator can be higher than an
input voltage 220 of the boost regulator, based on an “input
current*input voltage=output current*output voltage” rela-
tionship.

[0037] The regulators 212 can be coupled to bleed resis-
tors. The bleed resistors can be coupled (e.g., in parallel) to
a load to which the regulator output voltages are provided.
The bleed resistors can be used to discharge (e.g., bleed)
voltage on conductive lines between the regulators 212 and
the components (e.g., loads) to which their respective out-
puts are provided. Although not shown in FIG. 2, in some
embodiments, the regulators 212 can be further coupled to
output filter circuitry in addition to their respective loads.
Accordingly, the output voltages 228 may be a filtered signal
whose voltage is filtered with a respective output filter
circuitry.

[0038] The control component 210 can be configured to
monitor voltage levels of the regulators 212 based on signals
provided by the comparators. In some embodiments, the
monitored voltage levels can be used in various ways. For
example, the monitored voltage levels can be used to control
output voltages 228. In another example, the monitored
voltage levels can be used to control an occurrence of an
event (e.g., restart) of the memory sub-system based on a
comparison between the monitored voltage levels and
respective threshold voltage levels. The respective threshold
voltage levels can be reference voltages (e.g., Vzpr 10
V zzra) of the comparators 225-1 to 225-N and/or reference
voltages (€.2., Ve 10 Vg zry) of the comparators 225-X to
225-Y. As described herein, a threshold voltage level can be
representative of a voltage level that is sufficiently low so as
to avoid adverse effects to memory sub-system components
to which the output voltages are provided (e.g., due to
residual voltage) responsive to the occurrence of the event
(e.g., restart) of a memory sub-system, for instance. The
comparators 225-1 to 225-N that are coupled to the internal
regulators 212-1 to 212-N and the comparators 225-X to
225-Y that are coupled to the external regulators 212-X to
212-Y can be collectively referred to as comparators 225.
[0039] The comparators 225 can be configured to receive
an output voltage (e.g., one of the output voltages 228) from
a respective one of the regulators 212 and compare the
received output voltage with a respective one of the refer-
ence voltages Vygzr 10 Vizey and/or Vg pps 0 Vg pry. For
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example, the comparator 225-1 can receive the output volt-
age 228-1 from the regulator 212-1 and compare the output
voltage 228-1 with the reference voltage V. The com-
parison includes determining whether the received output
voltage has reached a respective reference voltage.

[0040] Insome embodiments, at least two of the compara-
tors 225 can have different respective reference voltages
associated therewith. For example, a voltage level of the
reference voltage V., can be different than a voltage level
of the reference voltage Vzz»- As such, at least some of the
output voltages 228-1 to 228-N can be compared to different
threshold voltage levels.

[0041] A result of the comparison can be provided to the
control component 210 in the form of a signal (e.g., signals
227-1 to 227-N and/or signals 227-X to 227-Y). The signals
227-1 to 227-N and/or 227-X to 227-Y that can be provided
by the comparators 225 can be binary in nature and can
indicate whether a respective monitored output voltage has
reached a threshold voltage level. For example, the signals
can represent binary logic values (e.g., a logical “1” or “0”)
with one binary value indicating that an output voltage has
reached a reference voltage and the other binary value
indicating that an output voltage has not yet reached a
reference voltage.

[0042] In some embodiments, the control component 210
can be configured to determine whether to adjust or delay
adjusting the output voltages 228 based on the comparison.
For example, the control component 210 can be configured
to increase the output voltages 228 when respective signals
227-1 to 227-N and/or 227-X to 227-Y indicate that output
voltages of a set of the regulators 212 have reached the
respective reference voltage levels. In another example, the
control component 210 can be configured to delay increas-
ing the output voltages 228 when the respective signals
227-1 to 227-N and/or 227-X to 227-Y indicate that output
voltages of the set of the regulators 212 have not yet reached
the respective reference voltage levels. The set of the
regulators 212 may be a portion and/or all of the regulators
212. As shown in FIG. 2, the control component 210 can
control the external regulators 212-X to 212-Y via respective
control signals 226-X to 226-Y.

[0043] In some embodiments, the control component 210
can be configured to determine whether to allow or prevent
an event (e.g., restart) of the memory sub-system based on
the comparison. For example, the control component 210
can be configured to allow a restart of the memory sub-
system when respective signals 227-1 to 227-N and/or
227-X to 227-Y indicate that the output voltages 228 are
determined to have reached respective reference voltage
levels. In another example, the control component 210 can
be configured to prevent the restart of memory sub-system
when respective signals 227-1 to 227-N and/or 227-X to
227-Y indicate that at least one of the output voltages 228
has not reached the respective reference voltage level.

[0044] In some embodiments, the control component 210
can be configured to allow a change in an operation state of
the power management component 208 based on the signals
provided by the comparators 225. For example, when one or
more of the received signals 227-1 to 227-N and/or 227-X
to 227-Y indicates that an output voltage has not yet reached
a respective reference voltage, the control component 210
can prevent the restart of the memory sub-system. The
memory sub-system can be prevented from being restarted
until a set of the received signals 227-1 to 227-N and/or
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227-X and 227-Y indicate that the output voltages 228 have
reached respective reference voltages Vyzr 10 Vigpza and/
Of Vypry 10 Viezry Stated alternatively, when the received
signals 227-1 to 227-N and/or 227-X to 227-Y indicate that
the output voltages 228 have reached respective reference
voltages Vg 10 Vpppn-and/or Vg o 10 Vg onn the control
component 210 can allow the restart of the memory sub-
system. The set of the received signals 227-1 to 227-N
and/or 227-X and 227-Y can include all of the received
signals 227-1 to 227-N and 227-X and 227-Y. For example,
the memory sub-system can be prevented from being
restarted until all of the received signals 227-1 to 227-N
and/or 227-X and 227-Y indicate accordingly.

[0045] In some embodiments, the monitored output volt-
age levels can be programmable values. For example, con-
trol component 210 can be configured to program respective
reference voltages of the regulators 212. In some embodi-
ments, the reference voltages can be programmed to differ-
ent values depending on operation states of the power
management component 208. For example, a particular
reference voltage can be programmed, when the power
management component 208 is placed in an active state, to
be lower than when the power management component 208
is in a reduced power state.

[0046] FIG. 3 is a flow diagram of an example method 330
for monitoring voltage levels of a memory sub-system in
accordance with some embodiments of the present disclo-
sure. The method 330 can be performed by processing logic
that can include hardware (e.g., processing device, circuitry,
dedicated logic, programmable logic, microcode, integrated
circuit, etc.) software (e.g., instructions executed by a pro-
cessing device), or a combination of thereof. In some
embodiments, the method 330 can be performed by a power
management component such as the power management
component 108 of FIG. 1 or 208 of FIG. 2. Although shown
in a particular sequence or order, unless otherwise specified,
the order of the processes of the method 330 can be
modified. Thus, the illustrated embodiments should be
understood only as examples, and the illustrated processes
can be performed in a different order, and some processes
can be performed in parallel. Additionally, one or more
processes can be omitted in various embodiments. Thus, not
all processes are required in every embodiment. Other
process flows are possible.

[0047] At block 332, the power management component
monitors voltage levels of one or more regulators coupled to
the power management component. At least some of the
regulators can be configured to output different voltages
based on different respective operation states of the power
management component, as described in connection with
FIG. 1. The power management component can indepen-
dently monitor bleed voltage levels of respective voltage
rails of a memory sub-system using feedback circuitry
provided to a control component. The memory sub-system,
power management component, the regulators, the feedback
circuitry, and the control component can be respectively
analogous to the memory sub-system 104, power manage-
ment component 108, regulators 112-1 to 112-M, feedback
circuitry 109, and control component 110 illustrated in FIG.
1, herein.

[0048] In some embodiments, the threshold voltage levels
can be programmable by using the control component. For
example, the control component can set the respective
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threshold voltage levels for the different respective operation
states based on predetermined and/or user-defined values.
[0049] At block 334, the power management component
allows an operation state change of the power management
component responsive to determining that one or more of
the output voltages of the regulators have reached respective
threshold voltage levels corresponding to the current opera-
tion state. As described herein, the power management
component can be put into one of an active state and a
reduced power state. The reduced power state can include a
sleep state, a standby state, and/or an off state, among other
states. For example, when the current operation state is a
sleep state, allowing the operation state change of the power
management component can include allowing the power
management component to exit the sleep state.

[0050] At block 336, the power management component
prevents the operation state change of the power manage-
ment component responsive to determining that one or more
of the output voltages of the regulators have not yet reached
the respective threshold voltage levels corresponding to the
current operation state. When the current operation state is
a reduced power state, the operation state change can be a
change from the reduced power state to an active state.
Accordingly, the power management component can pre-
vent the regulators from outputting the increased voltages
corresponding to the active state responsive to determining
that the output voltages of the regulators have not yet
reached the respective threshold levels corresponding to the
reduced power state.

[0051] FIG. 4 illustrates an example machine of a com-
puter system 440 within which a set of instructions, for
causing the machine to perform any one or more of the
methodologies discussed herein, can be executed. In some
embodiments, the computer system 440 can correspond to a
host system (e.g., the host system 102 of FIG. 1) that
includes, is coupled to, and/or utilizes a memory sub-system
(e.g., the memory sub-system 104 of FIG. 1). The computer
system 440 can be used to execute operations of a memory
system controller 106 and/or processor 114 on an operating
system to perform operations corresponding to the power
management component 108 of FIG. 1. In alternative
embodiments, the machine can be connected (e.g., net-
worked) to other machines in a LAN, an intranet, an
extranet, and/or the Internet. The machine can operate in the
capacity of a server or a client machine in client-server
network environment, as a peer machine in a peer-to-peer
(or distributed) network environment, or as a server or a
client machine in a cloud computing infrastructure or envi-
ronment.

[0052] The machine can be a personal computer (PC), a
tablet PC, a set-top box (STB), a Personal Digital Assistant
(PDA), a cellular telephone, a web appliance, a server, a
network router, a switch or bridge, or any machine capable
of executing a set of instructions (sequential or otherwise)
that specify actions to be taken by that machine. Further,
while a single machine is illustrated, the term “machine”
shall also be taken to include any collection of machines that
individually or jointly execute a set (or multiple sets) of
instructions to perform any one or more of the methodolo-
gies discussed herein.

[0053] The example computer system 440 includes a
processing device 442, a main memory 444, a static memory
448, and a data storage system 450, which communicate
with each other via a bus 447. In some embodiments, the
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main memory 444 can be read-only memory (ROM), flash
memory, dynamic random access memory (DRAM), such as
synchronous DRAM (SDRAM) or Rambus DRAM
(RDRAM), among other possibilities. In some embodi-
ments, the static memory 448 can be flash memory, static
random access memory (SRAM), among other possibilities.
The data storage system 450 can correspond to the memory
sub-system 104 of FIG. 1.

[0054] Processing device 442 can represent one or more
general-purpose processing devices such as a microproces-
sor, a central processing unit, or the like. More particularly,
the processing device can be a complex instruction set
computing (CISC) microprocessor, reduced instruction set
computing (RISC) microprocessor, very long instruction
word (VLIW) microprocessor, or a processor implementing
other instruction sets, or processors implementing a combi-
nation of instruction sets. Processing device 442 can also be
one or more special-purpose processing devices such as an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA), a digital signal processor
(DSP), network processor, or the like. The processing device
442 is configured to execute instructions 443 for performing
the operations discussed herein. The computer system 440
can further include a network interface device 445 to com-
municate over a network 446.

[0055] The data storage system 450 can include a
machine-readable storage medium 449 (also known as a
computer-readable medium) on which is stored one or more
sets of instructions 443 or software embodying any one or
more of the methodologies or functions described herein.
The instructions 443 also can reside, completely or at least
partially, within the main memory 444 and/or within the
processing device 442 during execution thereof by the
computer system 440. The main memory 444 and the
processing device 442 also contribute to the machine-read-
able storage media. The machine-readable storage medium
449, data storage system 450, and/or main memory 444 can
correspond to the memory sub-system 104 of FIG. 1.
[0056] In some embodiments, the instructions 443 can
include instructions to implement functionalities corre-
sponding to a power management component. The function-
alities can, for example, correspond to the functionalities of
the power management component 108 or 208 of FIG. 1 and
FIG. 2, respectively, among others. While the machine-
readable storage medium 449 is shown in an example
embodiment to be a single medium, the term “machine-
readable storage medium” should be taken to include a
single medium or multiple media that store the one or more
sets of instructions. The term “machine-readable storage
medium” shall also be taken to include any medium that is
capable of storing or encoding a set of instructions for
execution by the machine and that can cause the machine to
perform any one or more of the methodologies of the present
disclosure. The term “machine-readable storage medium”
shall accordingly be taken to include, but not be limited to,
solid-state memories, optical media, and magnetic media.
[0057] Some portions of the preceding detailed descrip-
tions have been presented in terms of algorithms and sym-
bolic representations of operations on data values (bits)
within a computer memory. These algorithmic descriptions
and representations are the ways used by those skilled in the
data processing arts to most effectively convey the substance
of' their work to others skilled in the art. An algorithm is here,
and generally, conceived to be a self-consistent sequence of
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operations leading to a desired result. The operations are
those requiring physical manipulations of physical quanti-
ties. Usually, though not necessarily, these quantities take
the form of electrical or magnetic signals capable of being
stored, combined, compared, and otherwise manipulated. It
has proven convenient at times, principally for reasons of
common usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the like.

[0058] It should be borne in mind, however, that all of
these and similar terms are to be associated with the appro-
priate physical quantities and are merely convenient labels
applied to these quantities. The present disclosure can refer
to the action and processes of a computer system, or similar
electronic computing device, that manipulates and trans-
forms data represented as physical (electronic) quantities
within the computer system’s registers and memories into
other data similarly represented as physical quantities within
the computer system memories or registers or other such
information storage systems.

[0059] The present disclosure also relates to an apparatus
for performing the operations herein. This apparatus can be
specially constructed for the intended purposes, or it can
include a general-purpose computer selectively activated or
reconfigured by a computer program stored in the computer.
Such a computer program can be stored in a computer-
readable storage medium, such as, but not limited to, any
type of disk including floppy disks, optical disks, CD-
ROMs, and magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), EPROM:s,
EEPROMs, magnetic or optical cards, or any type of media
suitable for storing electronic instructions, each coupled to
a computer system bus.

[0060] The algorithms and displays presented herein are
not inherently related to any particular computer or other
apparatus. Various general-purpose systems can be used
with programs in accordance with the teachings herein, or it
can prove convenient to construct a more specialized appa-
ratus to perform the method. The structure for a variety of
these systems will appear as set forth in the description
herein. In addition, the present disclosure is not described
with reference to any particular programming language. It
will be appreciated that a variety of programming languages
can be used to implement the teachings of the disclosure as
described herein.

[0061] The present disclosure can be provided as a com-
puter program product, or software, that can include a
machine-readable medium having stored thereon instruc-
tions, which can be used to program a computer system (or
other electronic devices) to perform a process according to
the present disclosure. A machine-readable medium includes
any mechanism for storing information in a form readable
by a machine (e.g., a computer). In some embodiments, a
machine-readable (e.g., computer-readable) medium
includes a machine-readable storage medium, such as a read
only memory (“ROM”), random access memory (“RAM”),
magnetic disk storage media, optical storage media, flash
memory components, etc.

[0062] In the foregoing specification, embodiments of the
disclosure have been described with reference to specific
example embodiments thereof. It will be evident that various
modifications can be made thereto without departing from
the broader spirit and scope of embodiments of the disclo-
sure as set forth in the following claims. The specification
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and drawings are, accordingly, to be regarded in an illus-
trative sense rather than a restrictive sense.
What is claimed is:
1. A memory sub-system, comprising:
a power management component comprising a plurality
of regulators configured to output respective operating
voltages for the memory sub-system, wherein the
power management component comprises a power
management integrated circuit (PMIC);
the power management component configured to:
monitor voltage levels of the plurality of regulators;
and

prevent an event of the memory sub-system from
occurring until the monitored voltage levels of a set
of the plurality of regulators are determined to have
reached respective threshold voltage levels.
2. The memory sub-system of claim 1, wherein the power
management component is configured to allow the event to
occur responsive to a determination that the set of the
monitored voltage levels of the plurality of regulators are
determined to have reached the respective threshold voltage
levels.
3. The memory sub-system of claim 1, wherein the
threshold voltage levels corresponding to the monitored
voltage levels of the set of the plurality of regulators
comprise at least two different respective threshold voltage
levels.
4. The memory sub-system of claim 1, wherein the event
of the memory sub-system is a restart of the memory
sub-system.
5. The memory sub-system of claim 1, wherein a portion
of the plurality of regulators are located internal to the PMIC
while another portion of the plurality of regulators are
located external to the PMIC.
6. The memory sub-system of claim 1, wherein the power
management component comprises a control component
configured to monitor the voltage levels of the plurality of
regulators by comparing output voltages of the plurality of
regulators to the respective threshold voltages.
7. The memory sub-system of claim 1, wherein the set of
the plurality of regulators comprises all of the plurality of
regulators.
8. A power management component, comprising:
a plurality of regulators; and
feedback circuitry coupled to the plurality of regulators
and to a control component;
wherein the feedback circuitry is configured to:
receive output voltages of the plurality of regulators as
respective inputs; and

provide feedback signals to the control component,
wherein the feedback signals indicate whether the
respective output voltages have reached respective
threshold voltage levels corresponding to an opera-
tion state; and

wherein the control component is configured to:
monitor the respective feedback signals; and
adjust the output voltages of the plurality of regulators

responsive to determining that the respective output
voltages have reached the respective threshold volt-
age levels corresponding to the operation state.

9. The power management component of claim 8, wherein
the feedback circuitry comprises comparators configured to
provide respective feedback signals to the control compo-



US 2020/0066310 Al

nent based on comparisons of the corresponding respective
regulator output voltages to respective reference voltages.

10. The power management component of claim 8,
wherein the respective threshold voltage levels correspond-
ing to the operation state are programmable values that are
adjustable based on the operation state.

11. The power management component of claim 8,
wherein the operation state is a reduced power state, and
wherein the control component is configured to:

place a number of the plurality of regulators in the

reduced power state;

delay adjusting the output voltages corresponding to the

number of the plurality of regulators to voltage levels
corresponding to a different operation state until deter-
mining that the respective output voltages have reached
the respective threshold voltage levels corresponding to
the reduced power state.

12. The power management component of claim 11,
wherein:

the reduced power state is one of a sleep state, a standby

state, and an off state; and

the different operation state is an active state.

13. The power management component of claim 12,
wherein the active state is a restart state responsive to a
restart signal received at the power management component
from a host.

14. The power management component of claim 8,
wherein the output voltages of the plurality of regulators
correspond to respective supply voltage rails used in a solid
state drive.

15. The power management component of claim 8,
wherein the plurality of regulators comprises a low-dropout
(LDO) regulator, a buck-boost converter, a buck regulator, a
boost regulator, or combinations thereof.

16. A method, comprising:

monitoring voltage levels of each of a plurality of regu-

lators of a power management integrated circuit
(PMIC), wherein the plurality of regulators is config-
ured to output different voltages based on different
respective operation states of the PMIC; and
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based on a current operation state of the PMIC:

responsive to determining that the output voltages of
the plurality of regulators have reached respective
threshold voltage levels corresponding to the current
operation state, allowing an operation state change of
the PMIC; and

responsive to determining that the output voltages of
the plurality of regulators have not yet reached the
respective threshold voltage levels corresponding to
the current operation state, preventing the operation
state change of the PMIC.

17. The method of claim 16, wherein the current operation
state is a reduced power state, wherein the operation state
change is a change from the reduced power state to an active
state, and wherein the method comprises:

responsive to determining that the output voltages of the

plurality of regulators have reached respective thresh-
old voltage levels corresponding to the reduced power
state, allowing the plurality of regulators to output
increased voltages corresponding to the active state;
and

responsive to determining that the output voltages of the

plurality of regulators have not yet reached the respec-
tive threshold voltage levels corresponding to the
reduced power state, preventing the plurality of regu-
lators from outputting the increased voltages corre-
sponding to the active state.

18. The method of claim 16, wherein monitoring voltage
levels of each of the plurality of regulators of the PMIC
comprises independently monitoring bleed voltage levels of
each of a respective plurality of voltage rails of a memory
sub-system using feedback circuitry provided to a control
component.

19. The method of claim 18, wherein the method com-
prises setting the respective threshold voltage levels for the
different respective operation states using the control com-
ponent.

20. The method of claim 18, wherein the current state is
a sleep state, and wherein allowing the operation state
change of the PMIC comprises allowing the PMIC to exit
the sleep state.



