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(57) ABSTRACT

Methods, systems, and devices for power regulation for
memory systems are described. In one example, a memory
system, such as a memory module, may include a substrate,
and an input/output component coupled with the substrate
and operable to communicate signals with a host system.
The memory system may also include one or more memory
devices coupled with the substrate and the input/output
component and operable to store data for the host system. A
memory device of the one or more memory devices may
include a power management component in its package with
one or more memory dies. The power management compo-
nent may be coupled with the one or more memory dies, and
feedback component, and may be operable to provide one or
more supply voltages for the one or more memory dies based
on one or more voltages associated with the memory system.

Memory Die, 215
Power management component, 220

Feedback component, 225




US 2021/0217482 Al

Jul. 15,2021 Sheet 1 of 5

Patent Application Publication

001
N

N-QLTA

N-$914

N-09 M\\

q-0L17

q-¢91

ﬁ;@@‘m\\

B-0LE

R

~ 7

maom:\\

SS1 \\

A

3

Ariry AJOWON

A
k4

IBONU0)
A0S [8207]

ST AICHIOW

A
¥

A

3

ARIIY AJOWORN

[ DI

A
¥

IS[OIU0)
AJCWS 18307

SK(J AIOUWRN

F-N
\ 4

e

3

ArIIy AJOUISJA

A
4
JOJONU0]y

AIOWRA] 18I0

ST AIOUWIIA]

A
g

IB[OHU0)y
AJOWRA] 3IAS(

201AS(] A0S

s

06100 (3

@I (3

931 VD {3

SpeuuRyD

0 mfm,;/
auodwe)
SOId
IBIONUC))
AICTUON
TRUIOpN
JOSSB001
\ SEl Y4
0zl a01A2(] 150}
<01




Patent Application Publication  Jul. 15,2021 Sheet 2 of 5 US 2021/0217482 A1

Memory Die, 215

oo Power management component, 220

Feedback component, 225

F1G. 2



Patent Application Publication  Jul. 15,2021 Sheet 3 of 5 US 2021/0217482 A1

7
j////

o
//

Q&\““m 300 &&\“wm 301

FIG. 3A FIG. 38

&k““ww 302 *&\\mm 303

FIG. 3C FIG. 3D

Substrate, 305

“4 Memory Die, 310

24 Power management component, 315




Patent Application Publication  Jul. 15,2021 Sheet 4 of 5 US 2021/0217482 A1

> —pi Voltage Gutput Component

7 7

410 415

A
%
A

Voltage Receiver

Voltage Determining

A 4

Yoltage Measuring Component j&———pi 4

Component
7 7
420 425

Voltage Adjuster %

r

430 N S
-
05

\‘\ 400

FIG. 4



Patent Application Publication  Jul. 15,2021 Sheet 5 of 5 US 2021/0217482 A1

Receive, by a power management
component of the memory device, a first
supply voltage having a first voltage level \
from a memory system 203

Cutput a second supply voltageto a
memory die of the memory device based
on receiving the first supply voltage, the

second supply voltage having a second \
voltage level different than the first voltage S10
fevel of the first supply voltage

A4

Measure a third voltage level of the second

supply voltage at a focation on the memory

die based on outputting the second supply \
voltage 51

¥

Output the second supply voltage having a
fourth voltage level different than the
second voltage level based on measuring
the third voltage level at the location on \ 570
the memory die

FIG. 5



US 2021/0217482 Al

POWER REGULATION FOR MEMORY
SYSTEMS

BACKGROUND

[0001] The following relates generally to one or more
memory systems and more specifically to power regulation
for memory systems.

[0002] Memory devices are widely used to store informa-
tion in various electronic devices such as computers, wire-
less communication devices, cameras, digital displays, and
the like. Information is stored by programing memory cells
within a memory device to various states. For example,
binary memory cells may be programmed to one of two
supported states, often denoted by a logic 1 or a logic 0. In
some examples, a single memory cell may support more
than two states, any one of which may be stored. To access
the stored information, a component may read, or sense, at
least one stored state in the memory device. To store
information, a component may write, or program, the state
in the memory device.

[0003] Various types of memory devices and memory cells
exist, including magnetic hard disks, random-access
memory (RAM), read-only memory (ROM), dynamic RAM
(DRAM), synchronous DRAM (SDRAM), ferroelectric
RAM (FeRAM), magnetic RAM (MRAM), resistive RAM
(RRAM), flash memory, phase change memory (PCM),
self-selecting memory, chalcogenide memory technologies,
and others. Memory cells may be volatile or non-volatile.
Non-volatile memory, e.g., FeRAM, may maintain their
stored logic state for extended periods of time even in the
absence of an external power source. Volatile memory
devices, e.g., DRAM, may lose their stored state when
disconnected from an external power source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 illustrates an example of a system that
supports power regulation for memory systems in accor-
dance with examples as disclosed herein.

[0005] FIG. 2 illustrates an example of a memory system
that supports power regulation for memory systems in
accordance with examples as disclosed herein.

[0006] FIG. 3A-3D illustrate example of memory devices
that support power regulation for memory systems in accor-
dance with examples as disclosed herein.

[0007] FIG. 4 shows a block diagram of a memory device
that supports power regulation for memory systems in
accordance with examples as disclosed herein.

[0008] FIG. 5 shows a flowchart illustrating a method or
methods that support power regulation for memory systems
in accordance with examples as disclosed herein.

DETAILED DESCRIPTION

[0009] A memory system may include one or more
memory devices coupled with a power management com-
ponent, for example a power management integrated circuit
(PMIC), to supply different voltages to the one or more
memory devices. The power management component may
provide supply voltages that the one or more memory device
use to access memory cells of the one or more memory
devices. For example, a power management component may
regulate voltage to each memory device on a dual in-line
memory module (DIMM). In some cases, a DIMM may
include a power management component, and one or more
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packages, where each package may contain at least one
memory device. The power management component may be
connected to each package via channels.

[0010] When providing supply voltages centrally on the
memory module and distributing the supply voltages to each
memory device using channels, the voltage from the power
management component experienced at each memory
device may be different than expected (e.g., because of the
varying distances from the power management component
amongst other reasons). In some cases, a memory device
may operate at low voltages (e.g., 1.1 to 0.9V) and high
frequencies. As such, it may be beneficial to mitigate noise
and loss of power, voltages, or current, or a combination
thereof between the power management component and the
memory devices of a package.

[0011] To reduce noise and power loss associated with the
supply voltages used by the one or more memory devices of
a memory system, more than one power management com-
ponent may be incorporated on the memory system. In some
cases, there may be at least one power management com-
ponent incorporated into each memory device. For example,
in a dynamic random-access memory (DRAM) DIMM, each
DRAM may have a PMIC packaged with the memory dies
or otherwise incorporated into the DRAM so that the DIMM
includes a one to one ratio of DRAM chips and PMICs.
Because at least one management component is part of each
memory device, the supply voltage seen by each memory
device may have reduced noise and power loss. In some
cases, a feedback component may be implemented in each
memory device with the power management component to
allow for tighter tolerances of the supply voltages seen by
the memory devices.

[0012] Features of the disclosure are initially described in
the context of memory systems and memory dies as
described with reference to FIGS. 1 and 2. Features of the
disclosure are described in the context of systems with
various configurations of power management components as
described with reference to FIGS. 2-3D. These and other
features of the disclosure are further illustrated by and
described with reference to an apparatus diagram and a
flowchart that relate to power regulation for memory sys-
tems as described with references to FIGS. 4 and 5.
[0013] FIG. 1 illustrates an example of a system 100 that
utilizes one or more memory devices in accordance with
examples as disclosed herein. The system 100 may include
a host device 105, a memory device 110, and a plurality of
channels 115 coupling the host device 105 with the memory
device 110. The system 100 may include one or more
memory devices 110, but aspects of the one or more memory
devices 110 may be described in the context of a single
memory device (e.g., memory device 110).

[0014] The system 100 may include portions of an elec-
tronic device, such as a computing device, a mobile com-
puting device, a wireless device, a graphics processing
device, a vehicle, or other systems. For example, the system
100 may illustrate aspects of a computer, a laptop computer,
atablet computer, a smartphone, a cellular phone, a wearable
device, an internet-connected device, a vehicle controller, or
the like. The memory device 110 may be a component of the
system operable to store data for one or more other com-
ponents of the system 100.

[0015] At least portions of the system 100 may be
examples of the host device 105. The host device 105 may
be an example of a processor or other circuitry within a
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device that uses memory to execute processes, such as
within a computing device, a mobile computing device, a
wireless device, a graphics processing device, a computer, a
laptop computer, a tablet computer, a smartphone, a cellular
phone, a wearable device, an internet-connected device, or
some other stationary or portable electronic device, among
other examples. In some examples, the host device 105 may
refer to the hardware, firmware, software, or a combination
thereof that implements the functions of an external memory
controller 120. In some examples, the external memory
controller 120 may be referred to as a host or a host device
105. In some cases, the host device 105 may refer to a
memory system such as a DIMM.

[0016] A memory device 110 may be an independent
device or a component that is operable to provide physical
memory addresses/space that may be used or referenced by
the system 100. In some examples, a memory device 110
may refer to a package, or a DRAM device. In some
examples, a memory device 110 may be configurable to
work with one or more different types of host devices.
Signaling between the host device 105 and the memory
device 110 may be operable to support one or more of:
modulation schemes to modulate the signals, various pin
configurations for communicating the signals, various form
factors for physical packaging of the host device 105 and the
memory device 110, clock signaling and synchronization
between the host device 105 and the memory device 110,
timing conventions, or other factors.

[0017] The memory device 110 may be operable to store
data for the components of the host device 105. In some
examples, the memory device 110 may act as a slave-type
device to the host device 105 (e.g., responding to and
executing commands provided by the host device 105
through the external memory controller 120). Such com-
mands may include one or more of a write command for a
write operation, a read command for a read operation, a
refresh command for a refresh operation, or other com-
mands.

[0018] The host device 105 may include one or more of an
external memory controller 120, a processor 125, a basic
input/output system (BIOS) component 130, or other com-
ponents such as one or more peripheral components or one
or more input/output (I/O) controllers. The components of
host device may be in coupled with one another using a bus
135.

[0019] The processor 125 may be operable to provide
control or other functionality for at least portions of the
system 100 or at least portions of the host device 105. The
processor 125 may be a general-purpose processor, a digital
signal processor (DSP), an application-specific integrated
circuit (ASIC), a field-programmable gate array (FPGA) or
other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or a combination of
these components. In such examples, the processor 125 may
be an example of a central processing unit (CPU), a graphics
processing unit (GPU), a general purpose GPU (GPGPU), or
a system on a chip (SoC), among other examples. In some
examples, the external memory controller 120 may be
implemented by or be a part of the processor 125.

[0020] The BIOS component 130 may be a software
component that includes a BIOS operated as firmware,
which may initialize and run various hardware components
of the system 100 or the host device 105. The BIOS
component 130 may also manage data flow between the

Jul. 15, 2021

processor 125 and the various components of the system 100
or the host device 105. The BIOS component 130 may
include a program or software stored in one or more of
read-only memory (ROM), flash memory, or other non-
volatile memory.

[0021] Insome cases, the system 100 may refer to a single
in-line memory module (SIMM), DIMM, or other type of
module or assembly. In some examples, the system 100 or
the host device 105 may include various peripheral compo-
nents. The peripheral components may be any input device
or output device, or an interface for such devices, that may
be integrated into or with the system 100 or the host device
105. Examples may include one or more of: a disk control-
ler, a sound controller, a graphics controller, an Ethernet
controller, a modem, a universal serial bus (USB) controller,
a serial or parallel port, or a peripheral card slot such as
peripheral component interconnect (PCI) or specialized
graphics ports. The peripheral component(s) may be other
components understood by a person having ordinary skill in
the art as a peripheral.

[0022] In some examples, the system 100 or the host
device 105 may include an I/O controller. An I/O controller
may manage data communication between the processor 125
and the peripheral component(s), input devices, or output
devices. The I/O controller may manage peripherals that are
not integrated into or with the system 100 or the host device
105. In some examples, the /O controller may represent a
physical connection or port to external peripheral compo-
nents.

[0023] In some examples, the system 100 or the host
device 105 may include an input component, an output
component, or both. An input component may represent a
device or signal external to the system 100 that provides
information, signals, or data to the system 100 or its com-
ponents. In some examples, and input component may
include a user interface or interface with or between other
devices. In some examples, an input component may be a
peripheral that interfaces with system 100 via one or more
peripheral components or may be managed by an /O
controller. An output component may represent a device or
signal external to the system 100 operable to receive an
output from the system 100 or any of its components.
Examples of an output component may include a display,
audio speakers, a printing device, another processor on a
printed circuit board, and others. In some examples, an
output may be a peripheral that interfaces with the system
100 via one or more peripheral components or may be
managed by an [/O controller.

[0024] The memory device 110 may include a device
memory controller 155 and one or more memory dies 160
(e.g., memory chips) to support a desired capacity or a
specified capacity for data storage. Fach memory die 160
may include a local memory controller 165 (e.g., local
memory controller 165-a, local memory controller 165-b,
local memory controller 165-N) and a memory array 170
(e.g., memory array 170-a, memory array 170-5, memory
array 170-N). A memory array 170 may be a collection (e.g.,
one or more grids, one or more banks, one or more tiles, one
or more sections) of memory cells, with each memory cell
being operable to store at least one bit of data. A memory
device 110 including two or more memory dies may be
referred to as a multi-die memory or a multi-die package or
a multi-chip memory or a multi-chip package.
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[0025] The memory die 160 may be an example of a
two-dimensional (2D) array of memory cells or may be an
example of a three-dimensional (3D) array of memory cells.
A 2D memory die 160 may include a single memory array
170. A 3D memory die 160 may include two or more
memory arrays 170, which may be stacked on top of one
another or positioned next to one another (e.g., relative to a
substrate). In some examples, memory arrays 170 in a 3D
memory die 160 may be referred to as decks, levels, layers,
or dies. A 3D memory dies 160 may include any quantity of
stacked memory arrays 170 (e.g., two high, three high, four
high, five high, six high, seven high, eight high). In some 3D
memory dies 160, different decks may share at least one
common access line such that some decks may share one or
more of a word line, a digit line, or a plate line.

[0026] The device memory controller 155 may include
circuits, logic, or components operable to control operation
of the memory device 110. The device memory controller
155 may include the hardware, the firmware, or the instruc-
tions that enable the memory device 110 to perform various
operations and may be operable to receive, transmit, or
execute commands, data, or control information related to
the components of the memory device 110. The device
memory controller 155 may be operable to communicate
with one or more of the external memory controller 120, the
one or more memory dies 160, or the processor 125. In some
examples, the device memory controller 155 may control
operation of the memory device 110 described herein in
conjunction with the local memory controller 165 of the
memory die 160.

[0027] A local memory controller 165 (e.g., local to a
memory die 160) may be operable to control operation of the
memory die 160. In some examples, a local memory con-
troller 165 may be operable to communicate (e.g., receive or
transmit data or commands or both) with the device memory
controller 155. In some examples, a memory device 110 may
not include a device memory controller 155, and a local
memory controller 165, or the external memory controller
120 may perform various functions described herein. As
such, a local memory controller 165 may be operable to
communicate with the device memory controller 155, with
other local memory controllers 165, or directly with the
external memory controller 120, or the processor 125, or a
combination thereof. Examples of components that may be
included in the device memory controller 155 or the local
memory controllers 165 or both may include receivers for
receiving signals (e.g., from the external memory controller
120), transmitters for transmitting signals (e.g., to the exter-
nal memory controller 120), decoders for decoding or
demodulating received signals, encoders for encoding or
modulating signals to be transmitted, or various other cir-
cuits or controllers operable for supporting described opera-
tions of the device memory controller 155 or local memory
controller 165 or both.

[0028] The external memory controller 120 may be oper-
able to enable communication of one or more of informa-
tion, data, or commands between components of the system
100 or the host device 105 (e.g., the processor 125) and the
memory device 110. The external memory controller 120
may convert or translate communications exchanged
between the components of the host device 105 and the
memory device 110. In some examples, the external memory
controller 120 or other component of the system 100 or the
host device 105, or its functions described herein, may be
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implemented by the processor 125. For example, the exter-
nal memory controller 120 may be hardware, firmware, or
software, or some combination thereof implemented by the
processor 125 or other component of the system 100 or the
host device 105. Although the external memory controller
120 is depicted as being external to the memory device 110,
in some examples, the external memory controller 120, or its
functions described herein, may be implemented by one or
more components of a memory device 110 (e.g., a device
memory controller 155, a local memory controller 165) or
vice versa.

[0029] The components of the host device 105 may
exchange information with the memory device 110 using
one or more channels 115. The channels 115 may be
operable to support communications between the external
memory controller 120 and the memory device 110. Each
channel 115 may be examples of transmission mediums that
carry information between the host device 105 and the
memory device. Each channel 115 may include one or more
signal paths or transmission mediums (e.g., conductors)
between terminals associated with the components of system
100. A signal path may be an example of a conductive path
operable to carry a signal. For example, a channel 115 may
include a first terminal including one or more pins or pads
at the host device 105 and one or more pins or pads at the
memory device 110. A pin may be an example of a conduc-
tive input or output point of a device of the system 100, and
a pin may be operable to act as part of a channel.

[0030] Channels 115 (and associated signal paths and
terminals) may be dedicated to communicating one or more
types of information. For example, the channels 115 may
include one or more command and address (CA) channels
186, one or more clock signal (CK) channels 188, one or
more data (DQ) channels 190, one or more other channels
192, or a combination thereof. In some examples, may be
communicated over the channels 115 using single data rate
(SDR) signaling or double data rate (DDR) signaling. In
SDR signaling, one modulation symbol (e.g., signal level) of
a signal may be registered for each clock cycle (e.g., on a
rising or falling edge of a clock signal). In DDR signaling,
two modulation symbols (e.g., signal levels) of a signal may
be registered for each clock cycle (e.g., on both a rising edge
and a falling edge of a clock signal).

[0031] In some examples, the channels 115 may include
one or more CA channels 186. The CA channels 186 may be
operable to communicate commands between the host
device 105 and the memory device 110 including control
information associated with the commands (e.g., address
information). For example, the CA channel 186 may include
a read command with an address of the desired data. In some
examples, a CA channel 186 may include any quantity of
signal paths to decode one or more of address or command
data (e.g., eight or nine signal paths).

[0032] In some examples, the channels 115 may include
one or more clock signal channels 188 (e.g., CK channels).
The clock signal channels 188 may be operable to commu-
nicate one or more clock signals between the host device 105
and the memory device 110. Each clock signal may be
operable to oscillate between a high state and a low state,
and may support coordination (e.g., in time) between actions
of the host device 105 and the memory device 110. In some
examples, the clock signal may be single ended. In some
examples, the clock signal may provide a timing reference
for command and addressing operations for the memory
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device 110, or other system-wide operations for the memory
device 110. A clock signal therefore may be referred to as a
control clock signal, a command clock signal, or a system
clock signal. A system clock signal may be generated by a
system clock, which may include one or more hardware
components (e.g., oscillators, crystals, logic gates, transis-
tors).

[0033] In some examples, the channels 115 may include
one or more data (DQ) channels 190. The data channels 190
may be operable to communicate one or more of data or
control information between the host device 105 and the
memory device 110. For example, the data channels 190
may communicate information (e.g., bi-directional) to be
written to the memory device 110 or information read from
the memory device 110.

[0034] The channels 115 may include any quantity of
signal paths (including a single signal path). In some
examples, a channel 115 may include multiple individual
signal paths. For example, a channel may be x4 (e.g.,
including four signal paths), x8 (e.g., including eight signal
paths), x16 (including sixteen signal paths), etc.

[0035] In some examples, the one or more other channels
192 may include one or more error detection code (EDC)
channels. The EDC channels may be operable to commu-
nicate error detection signals, such as checksums, to
improve system reliability. An EDC channel may include
any quantity of signal paths.

[0036] Signals communicated over the channels 115 may
be modulated using one or more different modulation
schemes. In some examples, a binary-symbol (or binary-
level) modulation scheme may be used to modulate signals
communicated between the host device 105 and the memory
device 110. A binary-symbol modulation scheme may be an
example of a M-ary modulation scheme where M is equal to
two. Each symbol of a binary-symbol modulation scheme
may be operable to represent one bit of digital data (e.g., a
symbol may represent a logic 1 or a logic 0). Examples of
binary-symbol modulation schemes include, but are not
limited to, non-return-to-zero (NRZ), unipolar encoding,
bipolar encoding, Manchester encoding, pulse amplitude
modulation (PAM) having two symbols (e.g., PAM2), and/or
others.

[0037] Some systems may include a power management
component coupled with one or more memory devices to
regulate the voltage at the memory devices. In some tradi-
tional systems, there may be one power management com-
ponent per memory system (e.g., DIMM), which may create
variations in the supply voltages seen by the one or more
memory devices of the memory system. It may be beneficial
incorporate more than one power management component
per memory system. In some cases, each memory device
(e.g., DRAM device or package) containing one or more
memory dies may include a power management component.
[0038] In some implementations, a power management
component may be incorporated into a package of a memory
device that includes one or more memory dies and may
support power to multiple memory dies on a substrate
associated with the package. For example, a power man-
agement component (e.g., PMIC) may control the flow and
direction of electrical power on a memory system (e.g.,
DIMM) to one or more memory devices. In some cases, a
memory device (e.g., DRAM such as a double data rate 5
(DDRS) RAM) may be coupled with a voltage regulator in
a PMIC and may operate at low voltages and high frequen-

Jul. 15, 2021

cies. A memory device that operates at such operation
conditions may experience noise and loss of power, voltage,
or current from the PMIC.

[0039] There may be different variations to incorporate a
power management component into a package. In some
cases, a package may include one or more memory dies and
one power management component. In some cases, a pack-
age may include one or more memory dies and more than
one power management components. The power manage-
ment component may be placed on a substrate next to a
memory die or may be positioned on top of a memory die,
or a combination thereof.

[0040] FIG. 2 illustrates an example of a memory system
200 that supports power regulation for memory systems in
accordance with examples as disclosed herein. The memory
system 200, and one or more memory devices 210 that may
include one or more memory dies 215, one or more power
management components 220, and one or more feedback
components 225. The memory dies 215, power management
components 220, and feedback components 225 of a
memory device 210 may be connected via channels. The
memory system 200 may be associated with the memory
device 110 as described with reference to FIG. 1.

[0041] Memory system 200 may include a DIMM, a
SIMM, or other type of module of assembly. For example,
memory system 200 may be an example of a DIMM. In
some examples, memory system 200 may include pins,
sockets, connectors, or other terminals that support an
electrical connection, where such terminals may support
physically separable connections, assemblies, or installa-
tions. In some examples, a memory system 200 may include
electrical contacts that support the memory system 200
being separately manufactured, and then installed perma-
nently, semi-permanently, or temporarily. The memory sys-
tem 200 may be manufactured according to various form
factors, and one memory system may have a different form
factor than another memory system.

[0042] The memory system 200 may a substrate, such as
silicon, germanium, silicon-germanium alloy, gallium
arsenide, gallium nitride, etc. type of substrate, on which
other components (e.g., memory devices) are positioned. In
some cases, the substrate is a semiconductor wafer. In other
cases, the substrate may be a silicon-on-insulator (SOI)
substrate, such as silicon-on-glass (SOG) or silicon-on-
sapphire (SOS), or epitaxial layers of semiconductor mate-
rials on another substrate. The conductivity of the substrate,
or sub-regions of the substrate, may be controlled through
doping using various chemical species including, but not
limited to, phosphorous, boron, or arsenic. Doping may be
performed during the initial formation or growth of the
substrate, by ion-implantation, or by any other doping
means. In some cases, the substrate may include one or more
locations (e.g., sockets or connectors) to couple with
memory devices 210.

[0043] The memory system 200 may include an I/O com-
ponent 205. An /O component 205 may manage data
communication between a processor and peripheral compo-
nent(s), input devices, or output devices. The /O component
205 may manage peripherals that are not integrated into or
with the memory system 200 or a host device. In some
examples, the [/O component 205 represents a physical
connection or port to external peripheral components. In
some cases, the I[/0O component 205 may be coupled with a
ball grid array (BGA) and the /O component may commu-
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nicate signals with a host device via the BGA. ABGA a type
of surface-mount packaging (e.g., a chip carrier) used for
integrated circuits and may be used to mount devices. A
BGA may enable high density connections to be made more
easily to integrated circuits because a BGA may provide
more interconnection pins that may be put on a dual in-line
or flat package.

[0044] The memory system 200 may include one or more
memory devices 210 (e.g., DRAM devices or packages) that
may include one or more memory dies 215, one or more
power management components 220, one or more feedback
components 225, or a substrate, or a combination thereof.
The memory die 215 may include one or more memory cells
that may each be programmable to store different logic states
(e.g., a programmed one of a set of two or more possible
states). For example, a memory cell may be operable to store
one bit of information at a time (e.g., a logic 0 or a logic 1).
In some examples, a memory cell (e.g., a multi-level
memory cell) may be operable to store more than one bit of
information at a time (e.g., a logic 00, logic 01, logic 10, a
logic 11). The memory die 215 may include one or more
access lines (e.g., one or more word lines and one or more
digit lines) arranged in a pattern, such as a grid-like pattern.
An access line may be a conductive line coupled with a
memory cell and may be used to perform access operations
on the memory cell.

[0045] The memory cells of memory dies 215 of a
memory device 210 may be DRAM memory cells. In
DRAM architectures, each memory cell may include a
capacitor that includes a dielectric material (e.g., an insula-
tor) to store a charge representative of the programmable
state. In some cases, a DRAM memory cell may be a volatile
memory cell that may lose its stored state when discon-
nected from an external power source.

[0046] A memory device 210 may include a substrate
where the substrate may be a structure or medium used to
couple the memory dies 215 with a host device (e.g., GPU)
such that signals may be exchanged between the memory
dies 215 and the host device. The substrate may be an
organic substrate, a high-density interposer, or a silicon
interposer, or a combination thereof used to couple the
memory dies 215 with a host device. The substrate may be
positioned above, below, or to the side of a memory array.
The substrate may not be limited to being underneath other
components but may be in any configuration relative to the
memory array and/or other components.

[0047] The substrate may be formed of a different types of
materials. In some cases, the substrate may be an example of
one or more organic substrates. A substrate may be an
example of a printed circuit board that mechanically sup-
ports and/or electrically connects components. The substrate
may use conductive tracks, pads and other features etched
from one or more layers of a conductive material (e.g.,
copper) laminated onto and/or between layers of a non-
conductive material. Components may be fastened (e.g.,
soldered) onto the substrate to both electrically connect and
mechanically fasten the components. In some cases, non-
conductive materials of a substrate may be formed of a
variety of different materials including phenolic paper or
phenolic cotton paper impregnated with resin, fiberglass
impregnated with resin, metal core board, polyimide foil,
Kapton, UPILEX, polyimide-fluoropolymer composite foil,
Ajinomoto build-up film (ABF), or other materials, or a
combination thereof.
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[0048] In some systems, each memory system 200
includes a single power management component 220 (e.g.,
PMIC). In such systems, the power management component
is connected to each memory device 210 on the memory
system 200 via channels. The power management compo-
nent 220 may regulate the power supplied to each memory
die 215. In some cases, the power management component
220 may be a large component that may create electromag-
netic radiation which may impact smaller components on the
memory system 200, such as memory dies 215. To decrease
the effect of electromagnetic radiation on the smaller com-
ponents, the power management component 220 may be
placed to the side of a memory system 200. Placing the
power management component 220 to the side of the
memory system 200 may cause the channels to each
memory die 215 to vary in length. As such, one or more
memory dies 215 may receive a voltage that is less than or
greater than the intended voltage from the power manage-
ment component 220 due to the variations in distances,
variations in voltage reflections, variations in interference,
or other variations. For example, the memory die 215
farthest from the power management component 220 may
receive a voltage less than the voltage sent by the power
management component 220 due to power loss from the
long distance between the memory die 215 and power
management component 220. In some cases, the large dis-
tances between the memory dies 215 and power manage-
ment components 220 may cause noise to one or more
memory dies 215. In some cases, the frequencies of the
supply voltages are higher, which may make the supply
voltages more susceptible to electromagnetic radiation or
other noise.

[0049] To better regulate supply voltages supplied to
memory devices 210, more than one power management
component 220 may be incorporated on a memory system
200. In some cases, a memory system 200 includes more
than one power management component 220. In some cases,
at least one power management component 220 is incorpo-
rated into each memory device 210. As such each memory
die 215 of a memory device 210 may be closer to a power
management component 220, which may reduce noise and
power loss. For example, memory device 210 of memory
system 200 may include one or more memory dies 215, one
or more power management components 220, and one or
more feedback components 225.

[0050] The power management component 220 of the
memory device 210 may be for managing power constraints
of the various components of the memory device 210
including the memory devices (e.g., memory dies 215). The
power management component 220 may perform one or
more of the following functions: current conversion, power-
source selection, voltage scaling, power sequencing, or
deactivated state power control, or any combination thereof.
The power management component 220 may enter a deac-
tivated state where one or more components of the power
management component 220 are deactivated so that the
memory device 210 or the larger host device can conserve
power.

[0051] The power management component 220 may
include a supply interface, an inter-integrated circuit, logic,
low-dropout regulators power supplies, and, in some cases,
multi-time programmable memory. The supply interface
may be configured to receive a power to be run the power
management component 220 and be distributed to other
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components of a memory device 210 (e.g., the memory
dies). In some cases, the inter-integrated circuit includes a
pin configured for receiving information (e.g., a serial clock)
from another component. The logic may include an analog-
to-digital converter, a digital-to-analog converter, an oscil-
lator, or other components, or any combination thereof.
Logic may be for providing information (e.g., feedback) to
other components in a memory system.

[0052] The low-dropout regulators may be for outputting
DC power to the memory devices of the memory system,
including the memory die 215. In some cases, the low-
dropout regulators are used to regulate an output voltage,
when the output voltage is close to a supply voltage input to
the power management component 220. The power supplies
may be for outputting power to the memory dies 215 of the
memory device 210 or other components of the memory
device 210. The power supplies may be examples of switch-
ing regulators. The power management component 220 may
include any quantity of low-dropout regulators (e.g., one,
two, three, four, five, six, seven, eight), or may include any
quantity of power supplies (e.g., one, two, three, four, five,
six, seven, eight), or any quantity of both.

[0053] The substrate of the memory device 210 including
one or more power management components 220 may be
larger than the substrate of the memory device 210 that does
not include a power management component 220. Addition-
ally or alternatively, the substrate of the memory device 210
may remain the same size. In some cases, a memory device
210 includes multiple memory dies 215 and each may be
coupled with a power management component 220. The
multiple memory dies 215 may share the output from one
power management component. For example, two memory
dies 215 may share the peak-to-peak voltage (e.g., Vpp
voltage) from one power management component, and the
output state drain power voltage (e.g., Vpp, voltage) from
another power management component.

[0054] Insome cases, tight tolerances on the voltage levels
of the supply voltages used by the memory devices is
beneficial. A feedback component 225 may be operable to
identify one or more voltage conditions on a memory die
215 or other component and cause the power management
component 220 modify the voltage level of the supply
voltage based on the feedback. The feedback component 225
may be coupled with a power management component 220
and one or more sensors of the memory dies 215. In some
cases, the feedback component 225 may be a stand-alone
component coupled with the power management component
220 and one or more sensors of the memory dies 215. In
other cases, the feedback component 225 may be part of the
power management component 220. The feedback compo-
nent 225 may enable the power management component 220
to output the intended voltage level of a supply voltage
within a target range. For example, the power management
component 220 may supply a voltage to a memory die 215.
The memory die 215 may be coupled with one or more
sensors that may measure the voltage received by the
memory die 215. The feedback component 225 may read the
measurement from the sensors and transmit feedback about
the measured condition to the power management compo-
nent 220. For example, feedback transmitted by the feed-
back component 225 may include the measured values
identified by the one or more sensors, an indicator of the
measured values, an indicator whether a voltage level of a
supply voltage is higher or lower than the target range, or an

Jul. 15, 2021

indicator that the voltage level of the supply voltage is
outside of the target range, or a combination thereof.
[0055] The power management component 220 may
adjust the voltage supply to the memory die 215 based on the
measurement from the sensors and feedback component
225. The feedback component 225, power management
component 220, and memory die 215 may be connected via
channels or a circuit. Including more than one power man-
agement component 220 per memory system 200 or memory
device 210 may allow the power management component
220 to control the voltage on each memory die 215 more
closely. In some implementations, the channels used on the
memory system 200 when the power management compo-
nent 220 was coupled with the substrate of the memory
system 200 may be removed.

[0056] FIG. 3A illustrates an example of a top plan view
of a memory device 300 that supports power regulation for
memory systems in accordance with examples as disclosed
herein. Memory device 300 may include a substrate 305.
The substrate 305 may include one or more memory dies
310 and one or more power management components 315.
Memory device 300 may be an example of memory device
110 and memory device 210 as described with reference to
FIGS. 1 and 2, respectively. In some cases, the memory
device 300 may be referred to as a package.

[0057] A power management component 315 may be an
example of a PMIC and may regulate the voltage to one or
more memory dies 310. A package of the memory device
may include a plurality of power management components
315 to implement a tighter feedback loop between power
management component 315 and memory dies 310, and to
decrease noise and power loss. For example, there may be
one power management component 315 associated with
each memory die 310 on a substrate 305. In other examples,
there may be multiple memory dies 310 managed by one
power management component 315. Additionally or alter-
natively, multiple power management components 315 may
be associated with one memory die 310. In some implemen-
tations, one power management component 315 is split into
one or more power management components 315. For
example, the power management component 315 may
include a first portion at a first location of the memory device
and operable to provide a first subset of the one or more
supply voltages and a second portion may be located at a
second location of the memory device and operable to
provide a second subset of the one or more supply voltages
different than the first subset.

[0058] The one or more power management components
315 may be placed anywhere within a package. For
example, two memory dies 310 and two power management
components 315 may be coupled with the substrate 305. The
two power management components 315 may be one power
management component 315 split in two pieces. The two
power management components 315 may be placed in
between the two memory dies 310. In some cases, one power
management component 315 may be placed to the side (e.g.,
left or right) of one memory die 310 and the other power
management component 315 may be placed to the side of the
other memory die 310. In some cases, one power manage-
ment components 315 is placed at the top of the substrate
305 (e.g., above the memory die 310) and the other power
management component 315 is placed below the memory
die 310 on the substrate. In some implementations, each
power management component 315 may be placed on a
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corner of the substrate 305, on the side of the substrate 305,
in the center of the substrate 305, etc.

[0059] In some implementations, the power management
components 315 is placed on the same or different horizontal
plane (e.g., the same substrate) as the memory dies 310. In
some cases, the power management components 315 are on
different horizontal planes.

[0060] The components of the power management com-
ponent 315 may emit electromagnetic (EM) radiation. EM
radiation may interfere with sensitive components near the
power management component 315 such as memory dies
310. To reduce EM radiation, EM shielding may be used to
apply a shield to the power management component 315 or
the components of the power management component 315.
Several materials and techniques may be used to employ EM
shielding. For example, a metallic mesh, metallic foil,
conductive paint, air-gapping, magnetic materials, or filters
(e.g., capacitors, ferrules, and grounded wires), or a combi-
nation thereof may be used to employ EM shielding.
[0061] FIG. 3B illustrates an example of a top plan view
of a memory device 301 that supports power regulation for
memory systems in accordance with examples as disclosed
herein. Memory device 300 may include a substrate 305.
The substrate 305 may include one or more memory dies
310 and one or more power management components 315.
Memory device 300 may be an example of memory device
110 and memory device 210 as described with reference to
FIGS. 1 and 2, respectively. In some cases, the memory
device 300 may be referred to as a package.

[0062] The power management component 315 of the
memory device may be a single integrated circuit in the
memory device. For example, one power management com-
ponent 315 may regulate the voltage of more than one
memory dies 310 rather than splitting the power manage-
ment component 315 into more than one component, where
there may be one power management component 315 asso-
ciated with each memory die 310 as is described in reference
to FIG. 3A. As described with reference to FIG. 2, a power
management component may regulate the voltage to one or
more memory dies 310 via channels and may regulate the
voltage based on feedback information from one or more
feedback components and memory sensors.

[0063] Forexample, two memory dies 310, and one power
management component 315 may be coupled with the
substrate 305. The power management component 315 may
be placed anywhere on the substrate 305. For example, the
power management component 315 may be placed in
between the two memory dies 310 such that there is an equal
distance from the power management component 315 and
each memory die 310. As another example, the power
management component 315 may be placed on a corner of
the substrate 305, on the side of the package in the center of
the substrate 305, etc. The memory dies 310 and power
management component 315 may be placed on the same
horizontal plane or the same substrate, or may be placed on
different horizontal planes or different substrates.

[0064] The components of the power management com-
ponent 315 may emit EM radiation. EM radiation may
interfere with sensitive components near the power man-
agement component 315 such as memory dies 310. To
reduce EM radiation, EM shielding may be used to apply a
shield to the power management component 315 or the
components of the power management component 315.
Several materials and techniques may be used to employ EM
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shielding. For example, a metallic mesh, metallic foil,
conductive paint, air-gapping, magnetic materials, or filters
(e.g., capacitors, ferrules, and grounded wires), or a combi-
nation thereof may be used to employ EM shielding.

[0065] FIG. 3C illustrates an example of a side elevation
view of a memory device 302 that supports power regulation
for memory systems in accordance with examples as dis-
closed herein. Memory device 300 may include a substrate
305. Substrate 305 may include one or more memory dies
310 and one or more power management components 315.
Memory device 300 may be an example of memory device
110, memory device 210, and memory devices 300 and 301
as described with reference to FIGS. 1 through 3B, respec-
tively. In some cases, the memory device 300 may be
referred to as a package.

[0066] One or more memory dies 310, one or more power
management components 315, or one or more feedback
components, or a combination thereof may be coupled with
a substrate 305. Substrate 305 (e.g., DRAM device) may be
different than the substrate of the memory system (e.g.,
substrate of the DIMM), as described in reference to FIG. 2.
In some cases, substrate 305 is coupled with the substrate of
the memory system. In some cases, memory die 310 is
coupled with substrate 305 and the power management
component 315 of the memory device is coupled with
substrate 305. The power management component 315 may
be coupled with substrate 305 adjacent or next to the
memory die 310.

[0067] Power management component 315 may be split
into more than one portion, as described in relation to FIG.
3A, and each of the portions may be coupled with substrate
305 adjacent to one or more memory dies 310. In some
implementations, one power management component 315 is
on a single integrated circuit, as described with reference to
FIG. 3B, and the power management component 315 is
coupled with substrate 305 adjacent to one or more memory
dies 310. For example, substrate 305 may include two
memory dies 310, and one power management component
315. A first memory die 310 may be coupled with substrate
305 and a second memory die 310 may be placed on top of
(e.g., coupled with) the first memory die 310. A power
management component 315 may be coupled with substrate
305 adjacent to the first memory die 310.

[0068] In some implementations, substrate 305 includes a
feedback component, as described in relation to FIG. 2. The
feedback component may be incorporated into the one or
more portions of the power management component 315. In
some cases, the feedback component is a separate compo-
nent from the one or more portions of the power manage-
ment component 315. The separate feedback component
may be coupled with substrate 305 adjacent to the to the first
memory die 310 and power management components 315.

[0069] The components of the power management com-
ponent 315 may emit EM radiation. EM radiation may
interfere with sensitive components near the power man-
agement component 315 such as memory dies 310, or
feedback component. To reduce EM radiation, EM shielding
may be used to apply a shield to the power management
component 315 or the components of the power manage-
ment component 315. Several materials and techniques may
be used to employ EM shielding. For example, a metallic
mesh, metallic foil, conductive paint, air-gapping, magnetic
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materials, or filters (e.g., capacitors, ferrules, and grounded
wires), or a combination thereof may be used to employ EM
shielding.

[0070] FIG. 3D illustrates an example of a side elevation
view of a memory device 303 that supports power regulation
for memory systems in accordance with examples as dis-
closed herein. Memory device 300 may include a substrate
305. Substrate 305 may include one or more memory dies
310 and one or more power management components 315.
Memory device 300 may be an example of memory device
110, memory device 210, and memory devices 300 and 301
as described with reference to FIGS. 1 through 3B, respec-
tively. In some cases, the memory device 300 may be
referred to as a package.

[0071] Substrate 305 may be different than the substrate of
the memory system (e.g., substrate of the DIMM), as
described in reference to FIG. 2. In some cases, substrate
305 is coupled with the substrate of the memory system. In
some cases, one or more memory dies 310 are coupled with
substrate 305 and the power management component 315 of
the memory device is coupled with substrate 305. The power
management component 315 may be coupled with a
memory die 310, where the power management component
315 may be on top of or above one or more memory dies
310.

[0072] Power management component 315 may be split
into more than one portion, as described in relation to FIG.
3 A, and at least one of the portions, or all of the portions may
be coupled with a memory die 310. In some cases, more than
one portion of the power management component may be
coupled to one memory die 310. In some cases, the one or
more portions are coupled with different memory dies 310.
In some cases, one portion of the power management
component 315 is coupled with substrate 305 and another
portion of the power management component 315 is coupled
with a memory die 310.

[0073] In some implementations, one power management
component 315 is on a single integrated circuit, as described
with reference to FIG. 3B, and the power management
component 315 may be coupled with a memory die 310. For
example, substrate 305 may include, two memory dies 310,
and one power management component 315. A first memory
die 310 may be coupled with substrate 305 and a second
memory die 310 may be coupled with the first memory die
310. A power management component may be coupled with
the second memory die 310. In some implementations, the
power management component 315 may be coupled with the
first and second memory die 310, where the power manage-
ment component may be placed in between the first and
second memory dies 310.

[0074] In some implementations, substrate 305 includes a
feedback component, as described in relation to FIG. 2. The
feedback component may be incorporated into the power
management component 315. In some cases, the feedback
component may be a separate component from the power
management component 315. The separate feedback com-
ponent may be coupled with substrate 305 adjacent to the to
the first memory die 310. The feedback component may be
coupled with the first and second memory dies 310 and
placed in between the memory dies 310. Additionally or
alternatively, the feedback component may be coupled with
power management component 315.

[0075] The components of the power management com-
ponent 315 may emit EM radiation. EM radiation may
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interfere with sensitive components near the power man-
agement component 315 such as memory dies 310. To
reduce EM radiation, EM shielding may be used to apply a
shield to the power management component 315 or the
components of the power management component 315.
Several materials and techniques may be used to employ EM
shielding. For example, a metallic mesh, metallic foil,
conductive paint, air-gapping, magnetic materials, or filters
(e.g., capacitors, ferrules, and grounded wires), or a combi-
nation thereof may be used to employ EM shielding.
[0076] FIG. 4 shows a block diagram 400 of a memory
device 405 that supports power regulation for memory
systems in accordance with examples as disclosed herein.
The memory device 405 may be an example of aspects of a
memory device as described with reference to FIGS. 2
through 3D. The functions of the memory device 405 may
be implemented by one or more circuits or one or more
controllers. The memory device 405 may include a voltage
receiver 410, a voltage output component 415, a voltage
measuring component 420, a voltage determining compo-
nent 425, and a voltage adjuster 430. Each of these modules
may communicate, directly or indirectly, with one another
(e.g., via one or more buses).

[0077] The voltage receiver 410 may receive, by a power
management component of a memory device, a first supply
voltage having a first voltage level from a memory system.
In some cases, the power management component is
coupled with a substrate of the memory device and includes
at least a portion of a package of the memory device.
[0078] The voltage output component 415 may output a
second supply voltage to a memory die of the memory
device based on receiving the first supply voltage, the
second supply voltage having a second voltage level differ-
ent than the first voltage level of the first supply voltage. In
some examples, the voltage output component 415 may
output the second supply voltage having a fourth voltage
level different than the second voltage level based on mea-
suring the third voltage level at the location on the memory
die. In some examples, output a set of second supply
voltages to the memory die of the memory device based on
receiving the first supply voltage, the set of second supply
voltages having one or more second voltage levels different
than the first voltage level of the first supply voltage, where
the set of second supply voltages includes the second supply
voltage.

[0079] The voltage measuring component 420 may mea-
sure a third voltage level of the second supply voltage at a
location on the memory die based on outputting the second
supply voltage. In some examples, the voltage measuring
component 420 may measure the third voltage level is
performed by one or more sensors on the memory die of the
memory device.

[0080] The voltage determining component 425 may
determine the fourth voltage level of the second supply
voltage based on the third voltage level, where outputting
the second supply voltage having the fourth voltage level is
based on determining the fourth voltage level. The voltage
adjuster 430 may adjust the second voltage level of the
second supply voltage to the fourth voltage level based on
measuring the third voltage level, where outputting the
second supply voltage having the fourth voltage level is
based on adjusting the second voltage level.

[0081] FIG. 5 shows a flowchart illustrating a method or
methods 500 that supports power regulation for memory
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systems in accordance with aspects of the present disclosure.
The operations of method 500 may be implemented by a
memory device or its components as described herein. For
example, the operations of method 500 may be performed by
a memory device as described with reference to FIG. 4. The
functions of the memory device may be implemented by one
or more circuits or one or more controllers. In some
examples, a memory device may execute a set of instruc-
tions to control the functional elements of the memory
device to perform the described functions. In some cases,
logic circuits or a controller of a memory device may
implement the described functions of FIG. 5. Additionally or
alternatively, a memory device may perform aspects of the
described functions using special-purpose hardware.
[0082] At 505, the memory device may receive, by a
power management component of the memory device, a first
supply voltage having a first voltage level from a memory
system. The operations of 505 may be performed according
to the methods described herein. In some examples, aspects
of the operations of 505 may be performed by a voltage
receiver as described with reference to FIG. 4.

[0083] At 510, the memory device may output a second
supply voltage to a memory die of the memory device based
on receiving the first supply voltage, the second supply
voltage having a second voltage level different than the first
voltage level of the first supply voltage. The operations of
510 may be performed according to the methods described
herein. In some examples, aspects of the operations of 510
may be performed by a voltage output component as
described with reference to FIG. 4.

[0084] At 515, the memory device may measure a third
voltage level of the second supply voltage at a location on
the memory die based on outputting the second supply
voltage. The operations of 515 may be performed according
to the methods described herein. In some examples, aspects
of the operations of 515 may be performed by a voltage
measuring component as described with reference to FIG. 4.
[0085] At 520, the memory device may output the second
supply voltage having a fourth voltage level different than
the second voltage level based on measuring the third
voltage level at the location on the memory die. The
operations of 520 may be performed according to the
methods described herein. In some examples, aspects of the
operations of 520 may be performed by a voltage output
component as described with reference to FIG. 4.

[0086] Insome examples, an apparatus as described herein
may perform a method or methods, such as the method 500.
The apparatus may include features, means, or instructions
(e.g., a non-transitory computer-readable medium storing
instructions executable by a processor) for receiving, by a
power management component of a memory device, a first
supply voltage having a first voltage level from a memory
system, outputting a second supply voltage to a memory die
of the memory device based on receiving the first supply
voltage, the second supply voltage having a second voltage
level different than the first voltage level of the first supply
voltage, measuring a third voltage level of the second supply
voltage at a location on the memory die based on outputting
the second supply voltage, and outputting the second supply
voltage having a fourth voltage level different than the
second voltage level based on measuring the third voltage
level at the location on the memory die.

[0087] Some examples of the method 500 and the appa-
ratus described herein may further include operations, fea-
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tures, means, or instructions for determining the fourth
voltage level of the second supply voltage based on the third
voltage level, where outputting the second supply voltage
having the fourth voltage level may be based on determining
the fourth voltage level.

[0088] Some examples of the method 500 and the appa-
ratus described herein may further include operations, fea-
tures, means, or instructions for adjusting the second voltage
level of the second supply voltage to the fourth voltage level
based on measuring the third voltage level, where outputting
the second supply voltage having the fourth voltage level
may be based on adjusting the second voltage level. In some
examples of the method 500 and the apparatus described
herein, outputting the second supply voltage may include
operations, features, means, or instructions for outputting a
set of second supply voltages to the memory die of the
memory device based on receiving the first supply voltage,
the set of second supply voltages having one or more second
voltage levels different than the first voltage level of the first
supply voltage, where the set of second supply voltages
includes the second supply voltage. In some examples of the
method 500 and the apparatus described herein, the power
management component may be coupled with a substrate of
the memory device and includes at least a portion of a
package of the memory device. Some examples of the
method 500 and the apparatus described herein may further
include operations, features, means, or instructions for mea-
suring the third voltage level may be performed by one or
more sensors on the memory die of the memory device.
[0089] It should be noted that the methods described
above describe possible implementations, and that the
operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Fur-
thermore, portions from two or more of the methods may be
combined.

[0090] An apparatus is described. The apparatus may
include a substrate, an [/O component coupled with a BGA
via the substrate and operable to communicate signals with
a host system via the BGA when mounted on a memory
module, and one or more memory devices coupled with the
substrate and the /O component and operable to store data
for the host system, a memory device of the one or more
memory devices including a power management component
to provide one or more supply voltages for the memory
device based on a power supply from the host system.
[0091] Some examples of the apparatus may include a
power plane coupled with the one or more memory devices
and operable to provide a first voltage to the one or more
memory devices, where the power management component
of the memory device may be operable to use the first
voltage received from the power plane to provide the one or
more supply voltages. In some examples, the memory
device of the one or more memory devices may include
operations, features, means, or instructions for a feedback
component operable to measure one or more voltage levels
of the one or more supply voltages on at least one memory
die of the memory device and adjust at least one voltage
level of the one or more supply voltages based on measuring
the one or more voltage levels.

[0092] Insome examples, the memory device of the one or
more memory devices includes conductive paths to route the
one or more supply voltages provided by the power man-
agement component to at least one memory die of the
memory device. In some examples, the power management
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component of the memory device may include operations,
features, means, or instructions for a first portion at a first
location of the memory device and operable to provide a first
subset of the one or more supply voltages, and a second
portion at a second location of the memory device and
operable to provide a second subset of the one or more
supply voltages different than the first subset. In some
examples, the power management component of the
memory device includes a single integrated circuit in the
memory device.

[0093] Insome examples, the memory device may include
operations, features, means, or instructions for a second
substrate with the substrate, and a memory die coupled with
the second substrate, where the power management compo-
nent of the memory device may be coupled with the second
substrate adjacent to the memory die. In some examples, the
memory device may include operations, features, means, or
instructions for a second substrate coupled with the sub-
strate, and a memory die coupled with the second substrate,
where the power management component of the memory
device may be coupled with the memory die, where the
memory die may be positioned between the power manage-
ment component and the second substrate. In some
examples, the apparatus does not include a second power
management component independent of the power manage-
ment component on the one or more memory devices.
[0094] In some examples, the apparatus includes a DIMM
or a SIMM. In some examples, the power management
component includes a PMIC. Some examples may further
include at least one memory device of the one or more
memory devices includes two or more dies of memory cells.
[0095] An apparatus is described. The apparatus may
include a first substrate coupled with a second substrate of
a memory system, one or more memory dies coupled with
the first substrate and operable to communicate data via a
BGA on the first substrate and corresponding BGA on the
first substrate and corresponding BGA pads of the second
substrate, and a power management component affixed to
the first substrate coupled with the one or more memory dies
and operable to provide one or more supply voltages for the
one or more memory dies based on one or more voltages
associated with the memory system provided via a power
delivery network of the second substrate.

[0096] Some examples of the apparatus may include a
feedback component operable to measure one or more
voltage levels of the one or more supply voltages on the one
or more memory dies and adjust at least one voltage level of
the one or more supply voltages based on measuring the one
or more voltage levels. Some examples of the apparatus may
include one or more conductive paths to route the one or
more supply voltages provided by the power management
component to the one or more memory dies.

[0097] In some examples, the power management com-
ponent may include operations, features, means, or instruc-
tions for a first portion at a first location and operable to
provide a first subset of the one or more supply voltages, and
a second portion at a second location and operable to provide
a second subset of the one or more supply voltages different
than the first subset. In some examples, the power manage-
ment component includes a single integrated circuit. In some
examples, the power management component may be
coupled with the first substrate. In some examples, the
power management component may be positioned above at
least one memory die of the one or more memory dies. In
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some examples, the power management component receives
a first voltage from the memory system and provides the one
or more supply voltages based on the first voltage. In some
examples, the power management component includes a
PMIC.

[0098] An apparatus is described. The apparatus may
include a memory die for storing data, a power management
component coupled with the memory die, and a controller
coupled with the memory die and operable to cause the
apparatus to receive a first supply voltage having a first
voltage level from a memory system, output a second supply
voltage to the memory die based on receiving the first supply
voltage, the second supply voltage having a second voltage
level different than the first voltage level of the first supply
voltage, measure a third voltage level of the second supply
voltage at a location on the memory die based on outputting
the second supply voltage, and output the second supply
voltage having a fourth voltage level different than the
second voltage level based on measuring the third voltage
level at the location on the memory die.

[0099] Some examples may further include determining
the fourth voltage level of the second supply voltage based
on the third voltage level, where outputting the second
supply voltage having the fourth voltage level may be based
on determining the fourth voltage level. Some examples
may further include adjusting the second voltage level of the
second supply voltage to the fourth voltage level based on
measuring the third voltage level, where outputting the
second supply voltage having the fourth voltage level may
be based on adjusting the second voltage level. In some
examples, the power management component includes at
least a portion of a package of the apparatus.

[0100] An apparatus is described. The apparatus may
include a substrate, an [/O component coupled with a BGA
via the substrate and operable to communicate signals with
a host system via the BGA when mounted on a memory
module, and a set of memory devices coupled with the
substrate and the /O component and operable to store data
for the host system, a memory device of the set of memory
devices including one or more memory dies including
memory cells and a power management component to
provide one or more supply voltages for the one or more
memory dies based on a power supply from the host system.
In some examples, the power management component may
be operable to adjust one or more voltage levels of the one
or more supply voltages for the one or more memory dies
based on voltage levels measured on the one or more
memory dies. In some examples, the memory system
includes a DIMM or a SIMM.

[0101] Information and signals described herein may be
represented using any of a variety of different technologies
and techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be repre-
sented by voltages, currents, electromagnetic waves, mag-
netic fields or particles, optical fields or particles, or any
combination thereof. Some drawings may illustrate signals
as a single signal; however, it will be understood by a person
of ordinary skill in the art that the signal may represent a bus
of signals, where the bus may have a variety of bit widths.
[0102] The terms “electronic communication,” “conduc-
tive contact.” “connected,” and “coupled” may refer to a
relationship between components that supports the flow of
signals between the components. Components are consid-
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ered in electronic communication with (or in conductive
contact with or connected with or coupled with) one another
if there is any conductive path between the components that
can, at any time, support the flow of signals between the
components. At any given time, the conductive path between
components that are in electronic communication with each
other (or in conductive contact with or connected with or
coupled with) may be an open circuit or a closed circuit
based on the operation of the device that includes the
connected components. The conductive path between con-
nected components may be a direct conductive path between
the components or the conductive path between connected
components may be an indirect conductive path that may
include intermediate components, such as switches, transis-
tors, or other components. In some examples, the flow of
signals between the connected components may be inter-
rupted for a time, for example, using one or more interme-
diate components such as switches or transistors.

[0103] The term “coupling” refers to condition of moving
from an open-circuit relationship between components in
which signals are not presently capable of being communi-
cated between the components over a conductive path to a
closed-circuit relationship between components in which
signals are capable of being communicated between com-
ponents over the conductive path. When a component, such
as a controller, couples other components together, the
component initiates a change that allows signals to flow
between the other components over a conductive path that
previously did not permit signals to flow.

[0104] The term “isolated” refers to a relationship between
components in which signals are not presently capable of
flowing between the components. Components are isolated
from each other if there is an open circuit between them. For
example, two components separated by a switch that is
positioned between the components are isolated from each
other when the switch is open. When a controller isolates
two components, the controller affects a change that pre-
vents signals from flowing between the components using a
conductive path that previously permitted signals to flow.
[0105] The devices discussed herein, including a memory
array, may be formed on a semiconductor substrate, such as
silicon, germanium, silicon-germanium alloy, gallium
arsenide, gallium nitride, etc. In some examples, the sub-
strate is a semiconductor wafer. In other examples, the
substrate may be a SOI substrate, such as SOG or SOP, or
epitaxial layers of semiconductor materials on another sub-
strate. The conductivity of the substrate, or sub-regions of
the substrate, may be controlled through doping using vari-
ous chemical species including, but not limited to, phospho-
rous, boron, or arsenic. Doping may be performed during the
initial formation or growth of the substrate, by ion-implan-
tation, or by any other doping means.

[0106] A switching component or a transistor discussed
herein may represent a field-effect transistor (FET) and
comprise a three terminal device including a source, drain,
and gate. The terminals may be connected to other electronic
elements through conductive materials, e.g., metals. The
source and drain may be conductive and may comprise a
heavily-doped, e.g., degenerate, semiconductor region. The
source and drain may be separated by a lightly-doped
semiconductor region or channel. If the channel is n-type
(i.e., majority carriers are signals), then the FET may be
referred to as a n-type FET. If the channel is p-type (i.e.,
majority carriers are holes), then the FET may be referred to
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as a p-type FET. The channel may be capped by an insu-
lating gate oxide. The channel conductivity may be con-
trolled by applying a voltage to the gate. For example,
applying a positive voltage or negative voltage to an n-type
FET or a p-type FET, respectively, may result in the channel
becoming conductive. A transistor may be “on” or “acti-
vated” when a voltage greater than or equal to the transis-
tor’s threshold voltage is applied to the transistor gate. The
transistor may be “off” or “deactivated” when a voltage less
than the transistor’s threshold voltage is applied to the
transistor gate.

[0107] The description set forth herein, in connection with
the appended drawings, describes example configurations
and does not represent all the examples that may be imple-
mented or that are within the scope of the claims. The term
“exemplary” used herein means “serving as an example,
instance, or illustration.” and not “preferred” or “advanta-
geous over other examples.” The detailed description
includes specific details to providing an understanding of the
described techniques. These techniques, however, may be
practiced without these specific details. In some instances,
well-known structures and devices are shown in block
diagram form to avoid obscuring the concepts of the
described examples.

[0108] In the appended figures, similar components or
features may have the same reference label. Further, various
components of the same type may be distinguished by
following the reference label by a dash and a second label
that distinguishes among the similar components. If just the
first reference label is used in the specification, the descrip-
tion is applicable to any one of the similar components
having the same first reference label irrespective of the
second reference label.

[0109] Information and signals described herein may be
represented using any of a variety of different technologies
and techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be repre-
sented by voltages, currents, electromagnetic waves, mag-
netic fields or particles, optical fields or particles, or any
combination thereof.

[0110] The wvarious illustrative blocks and modules
described in connection with the disclosure herein may be
implemented or performed with a general-purpose proces-
sor, a DSP, an ASIC, an FPGA or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form the functions described herein. A general-purpose
processor may be a microprocessor, but in the alternative,
the processor may be any processor, controller, microcon-
troller, or state machine. A processor may also be imple-
mented as a combination of computing devices (e.g., a
combination of a DSP and a microprocessor, multiple micro-
processors, one Oor more Mmicroprocessors in conjunction
with a DSP core, or any other such configuration).

[0111] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions or
code on a computer-readable medium. Other examples and
implementations are within the scope of the disclosure and
appended claims. For example, due to the nature of software,
functions described above can be implemented using soft-
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ware executed by a processor, hardware, firmware, hardwir-
ing, or combinations of any of these. Features implementing
functions may also be physically located at various posi-
tions, including being distributed such that portions of
functions are implemented at different physical locations.
Also, as used herein, including in the claims, “or” as used in
a list of items (for example, a list of items prefaced by a
phrase such as “at least one of” or “one or more of”)
indicates an inclusive list such that, for example, a list of at
least one of A, B. or C means A or B or C or AB or AC or
BC or ABC (i.e., A and B and C). Also, as used herein, the
phrase “based on” shall not be construed as a reference to a
closed set of conditions. For example, an exemplary step
that is described as “based on condition A” may be based on
both a condition A and a condition B without departing from
the scope of the present disclosure. In other words, as used
herein, the phrase “based on” shall be construed in the same
manner as the phrase “based at least in part on.”
[0112] Computer-readable media includes both non-tran-
sitory computer storage media and communication media
including any medium that facilitates transfer of a computer
program from one place to another. A non-transitory storage
medium may be any available medium that can be accessed
by a general purpose or special purpose computer. By way
of example, and not limitation, non-transitory computer-
readable media can comprise RAM, ROM, electrically eras-
able programmable read only memory (EEPROM), compact
disk (CD) ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any other
non-transitory medium that can be used to carry or store
desired program code means in the form of instructions or
data structures and that can be accessed by a general-
purpose or special-purpose computer, or a general-purpose
or special-purpose processor. Also, any connection is prop-
erly termed a computer-readable medium. For example, if
the software is transmitted from a website, server, or other
remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless tech-
nologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wire-
less technologies such as infrared, radio, and microwave are
included in the definition of medium. Disk and disc, as used
herein, include CD, laser disc, optical disc, digital versatile
disc (DVD), floppy disk and Blu-ray disc where disks
usually reproduce data magnetically, while discs reproduce
data optically with lasers. Combinations of the above are
also included within the scope of computer-readable media.
[0113] The description herein is provided to enable a
person skilled in the art to make or use the disclosure.
Various modifications to the disclosure will be apparent to
those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing
from the scope of the disclosure. Thus, the disclosure is not
limited to the examples and designs described herein, but is
to be accorded the broadest scope consistent with the
principles and novel features disclosed herein.
1. An apparatus, comprising:
a substrate;
an input/output component coupled with a ball grid array
(BGA) via the substrate and operable to communicate
signals with a host system via the BGA when mounted
on a memory module; and
one or more memory devices coupled with the substrate
and the input/output component and operable to store
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data for the host system, a memory device of the one or
more memory devices comprising a power manage-
ment component to provide one or more supply volt-
ages for the memory device based at least in part on a
power supply from the host system.

2. The apparatus of claim 1, further comprising:

a power plane coupled with the one or more memory
devices and operable to provide a first voltage to the
one or more memory devices, wherein the power
management component of the memory device is oper-
able to use the first voltage received from the power
plane to provide the one or more supply voltages.

3. The apparatus of claim 1, wherein the memory device
of the one or more memory devices comprises a feedback
component operable to measure one or more voltage levels
of the one or more supply voltages on at least one memory
die of the memory device and adjust at least one voltage
level of the one or more supply voltages based at least in part
on measuring the one or more voltage levels.

4. The apparatus of claim 1, wherein the memory device
of the one or more memory devices comprises conductive
paths to route the one or more supply voltages provided by
the power management component to at least one memory
die of the memory device.

5. The apparatus of claim 1, wherein the power manage-
ment component of the memory device comprises:

a first portion at a first location of the memory device and
operable to provide a first subset of the one or more
supply voltages; and

a second portion at a second location of the memory
device and operable to provide a second subset of the
one or more supply voltages different than the first
subset.

6. The apparatus of claim 1, wherein the power manage-
ment component of the memory device comprises a single
integrated circuit in the memory device.

7. The apparatus of claim 1, wherein the memory device
comprises:

a second substrate with the substrate; and

a memory die coupled with the second substrate, wherein
the power management component of the memory
device is coupled with the second substrate adjacent to
the memory die.

8. The apparatus of claim 1, wherein the memory device

comprises:

a second substrate coupled with the substrate; and

a memory die coupled with the second substrate, wherein
the power management component of the memory
device is coupled with the memory die, wherein the
memory die is positioned between the power manage-
ment component and the second substrate.

9. The apparatus of claim 1, wherein the apparatus does
not include a second power management component inde-
pendent of the power management component on the one or
more memory devices.

10. The apparatus of claim 1, wherein the apparatus
comprises a dual in-line memory module (DIMM) or a
single in-line memory module (SIMM).

11. The apparatus of claim 1, wherein the power man-
agement component comprises a power management inte-
grated circuit (PMIC).

12. The apparatus of claim 1, wherein at least one memory
device of the one or more memory devices comprises two or
more dies of memory cells.
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13. An apparatus, comprising:

a first substrate coupled with a second substrate of a
memory system,

one or more memory dies coupled with the first substrate
and operable to communicate data via a ball grid array
(BGA) on the first substrate and corresponding BGA
pads of the second substrate; and

a power management component affixed to the first sub-
strate coupled with the one or more memory dies and
operable to provide one or more supply voltages for the
one or more memory dies based at least in part on one
or more voltages associated with the memory system
provided via a power delivery network of the second
substrate.

14. The apparatus of claim 13, further comprising:

a feedback component operable to measure one or more
voltage levels of the one or more supply voltages on the
one or more memory dies and adjust at least one
voltage level of the one or more supply voltages based
at least in part on measuring the one or more voltage
levels.

15. The apparatus of claim 13, further comprising:

one or more conductive paths to route the one or more
supply voltages provided by the power management
component to the one or more memory dies.

16. The apparatus of claim 13, wherein the power man-

agement component comprises:

a first portion at a first location and operable to provide a
first subset of the one or more supply voltages; and

a second portion at a second location and operable to
provide a second subset of the one or more supply
voltages different than the first subset.

17. The apparatus of claim 13, wherein the power man-

agement component comprises a single integrated circuit.

18. The apparatus of claim 13, wherein the power man-
agement component is coupled with the first substrate.

19. The apparatus of claim 13, wherein the power man-
agement component is positioned above at least one memory
die of the one or more memory dies.

20. The apparatus of claim 13, wherein the power man-
agement component receives a first voltage from the
memory system and provides the one or more supply
voltages based at least in part on the first voltage.

21. The apparatus of claim 13, wherein the power man-
agement component comprises a power management inte-
grated circuit (PMIC).
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22. A method, comprising:

receiving, by a power management component of a
memory device, a first supply voltage having a first
voltage level from a memory system;

outputting a second supply voltage to a memory die of the
memory device based at least in part on receiving the
first supply voltage, the second supply voltage having
a second voltage level different than the first voltage
level of the first supply voltage;

measuring a third voltage level of the second supply
voltage at a location on the memory die based at least
in part on outputting the second supply voltage; and

outputting the second supply voltage having a fourth
voltage level different than the second voltage level
based at least in part on measuring the third voltage
level at the location on the memory die.

23. The method of claim 22, further comprising:

determining the fourth voltage level of the second supply
voltage based at least in part on the third voltage level,
wherein outputting the second supply voltage having
the fourth voltage level is based at least in part on
determining the fourth voltage level.

24. The method of claim 22, further comprising:

adjusting the second voltage level of the second supply
voltage to the fourth voltage level based at least in part
on measuring the third voltage level, wherein output-
ting the second supply voltage having the fourth volt-
age level is based at least in part on adjusting the
second voltage level.

25. The method of claim 22, wherein outputting the

second supply voltage comprises:

outputting a plurality of second supply voltages to the
memory die of the memory device based at least in part
on receiving the first supply voltage, the plurality of
second supply voltages having one or more second
voltage levels different than the first voltage level of the
first supply voltage, wherein the plurality of second
supply voltages comprises the second supply voltage.
26. The method of claim 22, wherein the power manage-

ment component is coupled with a substrate of the memory
device and comprises at least a portion of a package of the
memory device.

27. The method of claim 22, wherein:
measuring the third voltage level is performed by one or
more sensors on the memory die of the memory device.
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