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(57) Abstract: A method and apparatus for dynamic power management of memories. In one embodiment of the invention, the
power consumption of the memories is reduced based on the operating state of the memories. For example, in one embodiment of
the invention, the power supply to the memories is reduced when the memories are in an inactive state by reducing and/or turning off
the input voltage(s) to the memories. In one embodiment of the invention, the processing unit dynamically changes the strength of
the On-Die Termination pull-up/pull-down resistance based on the memory operating mode, memory voltage, and memory temperat -
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METHOD AND SYSTEM FOR DYNAMIC POWER MANAGEMENT OF MEMORIES

FIELD OF THE INVENTION

This invention relates to memories, and more specifically bat not exclosively, to a
method and system for dynamic power management of memories.
BACKGROUND DESCRIPTION

The voltage sapplied to a memory device is typically set at a nominal voltage level that is
recommended by the mamufactorer of the memory device. The voltage supplied to the memory
device is constant or static for all operating modes of memory device.
BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of embodiments of the mvention will become apparent from
the following detailed deseription of the subject matter in which:

Figure 1 illustrates an input voltage sctiing of a yoemory device m accordance with one
embodiment of the mvention;

Figure 2 illustrates a block diagram of a platform in accordance with one embodiment of
the mvention.

Figure 3 tHhustrates a flow chart of dynamic power management of a memory deviee in
accordance with one embodiment of the invention; and

Figure 4 iHustrates a aystem in accordance with one embodiment of the fnvention.
BETALLED DESCRIPTION

Embodiments of the invention described heremn are illustrated by way of example and not
by way of hmitation in the accompanyimg figures. For simphicity and clarity of illustration,
elements illustrated in the figures are not necessarily drawn to scale. For example, the
dimensions of some clements may be exaggerated relative to other elements for clanty. Further,
wheore considered appropriate, reference numerals have been repeated among the figures to
mdicate corresponding or analogous clements. Reference o the specification to “one
embodiment” or “an embodiment” of the invention means that a particular feature, structure, or
characteristic described in connection with the cmbodiment is inchided in at least one
embodiment of the invention. Thus, the appearances of the phrase “in one embodiment” in
various places throughout the specification are not necessarily all referring to the same
embodiment.

Embodiments of the invention provide a method and system for dynamic power
manageroent of mwemories. In one embodimuent of the invention, the power consumption of the
memories is reduced based on the operating state of the memories. For exanple, in onc

embodiment of the nvention, the voltage supply to the memories is reduced when the memories



10

15

20

25

30

WO 2012/128852 PCT/US2012/024185

are In an inactive state. The nactive state of the memories includes, but 1s not linuted to, a self-
refresh state, and any other state that does not require any read or write operations. In one
embodiment of the mvention, the power consumption of the memories is reduced by reducng
and/or turning off the mput voltage(s) to the memories.

In one embodiment of the invention, the strength of On-Die Termination (ODT) of one or
more signals coupled with a memory device is reduced based at least in part on the operatmg
mode of the memory. The one or more signals include, but are not limited to, address signals,
data signals, control signals, interrupt signals, and any other signals of the memory device. By
reducing the strength of the ODT of the one or more signals, the power consumption of the

wmory device and processor is reduced in one embodiment of the mvention. In one
embodiment of the invention, the alteration of the strength of the ODT of the one or more signals
coupled with the memory device is based on one or more criterion fncluding, but 1s not Hmoited
to, the operating mode of the memory device, the jnput voliage(s) of the memory device, the
temperature of the memory device, and other eriteria that may affect the information retention of
the memory device,

The memory device includes, but is not limited to, a Double Data Rate Dynamic Random
Access Memory {DRAM) (DDR}, Double Data Rate Two DRAM (DDR2), Double Data Rate
Three DRAM (DDR3Z), Double Data Rate Four DRAM (DDR4), and other types of DRAMSs.

Figure 1 illustrates an input voltage setting 180 of a memory device in accordance with
one embodiment of the invention. Figure 1 illustrates different input voltage settings 1o the
memory device.  The nominal voltage §14 illustrates the voltage level specified by the

wanufacturer of the memory device for normal operation of the memory device. The maximum
voltage 112 and the mimmum voltage 1186 illustrate the maximum and minimum voltage levels
respectively where the memory device is guaranteed to operate correctly for all memory states,
1.e., voltage margin of the memory device.

In one embodiment of the invention, the input voltage of the memory device 18 set (o a
reduced voltage level 128 when the memory device is in an inactive mode. The fail voltage 118
Hustrates a voltage level where the memory device {ails if it has an input voliage that is set
below the {ail voltage. The reduced voltage 128 is set to a voltage level between the minimam
voltage 116 and the fail voltage 118 10 one cmbodiment of the invention. When the input voliage
of the memory device is set to the reduced voltage 128, the memory device functions for some
memory states inchuding, but are not limited to, the selfirefresh staie and the like, at some
teraperature range.

For example, in one crubodiment of the invention, when the input voltage of the memory
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device i8 set to the reduced voltage 128, the memory device is able to retain s stored
information. This allows the memory device to be set at a reduced voltage 128 when it is in an
mactive state in one cmbodiment of the invention. When the memory device is in the active
state, the memory device is set to the nominal voltage £34 or any other voliage level between the
maxtmum voliage 132 and the mintmum voltage 116, By dynamically adjosting the voltage level
of the memory device based on the operating state of the memory device, the power
consumption of the memory device can be reduced in one embodiment of the invention.

In one embodiment of the invention, the voliage range of the reduced voltage 128 is
determined based on, but is not limited to, the process corners of the memory dices in the
memory device, temperature, and other factors that may affect the operation of the memory
device. For example, in one embodiment of the invention, the memory device is wrilten with a
known set of data when the input voltage level of the memory device s set at the nominal
voltage 114. The input voliage level of the memory device 18 reduced to the miniroom voltage
116 and a read operation is performed to deteroune if the memory device 1s able to retain the
correct known set of data.

{f there are no errors in the read data compared to the known set of data, the input voliage
level of the memory device is reduced by a voltage step and a read operation is performed to
determine if the mergory device is able to retain the correct known set of data. If there are no
errors in the read data compared 1o the known set of data, the cycle of lowering the mput
voliage, reading the data, and comparing the data is iterated until an error is detecied in the read
data. The mput voltage level of the memory device at which the error occurs is set as the fail
voltage in one embodiment of the mvention. Tn another embodiment of the invention, the process
of determining the fail vohiage of the memory device 15 repeated across diffevent process cormers
of the memory device. This allows the determination of a fail voltage that s applicable 1o the
different process corners of the memory device.

{n yet another embodiment of the invention, the process of determining the fail voltage of
the memory device is repeated across different temperatures of the memaory device. This allows
the determination of a fail voltage that is applicable to different temperatures of the memory
device. One of ordinary skill in the relevant att will readily appreciate how to determine the fail
voltage based on other parameter settings and it shall not be described herein.

Figure 2 illusirates a block diagram of a platform 26¢ in accordance with one
embodiment of the invention. In one embodiment of the invention, the platform 288 includes, but
is not hmited to, a desktop computer, a lapiop computer, 2 netbook, a tablet, a nolebook

computer, a personal digital assistant (PDA), a server, a workstation, a cellular telephone, a
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mobile computing device, an Internet appliance or any other type of computing device.

The platform 288 has a processmg unit 2168, a voltage regulator 220, and a memory 238
i one embodiment of the fnvention. In one embodiment of the invention, the processing unit
230 has ope or more comounication links with the memory 238, The communication links
mchude, but are not himited to, address signals, data sigoals, teroperature sigoals, control signals,
mterrupt signals, and the bke. The comamunication links may be independent signals or form part
of a bus signal in onc embodiment of the invention.

In one embodiment of the invention, the processing unit 218 reads the temperature 232 of
the memory 238, The processing unit 218 uses the terperature 232 of the memory 236 in its
decision on whether the power consumption of the memory 238 can be reduced m one
embodiment of the invention.

in one embodiment of the mvention, the processing unit 218 determines whether the
memory 238 15 in an inactive state or mode. For example, when the memory 236 is i a sclf-
refresh roode, the mermory is maintaining its stored contents without performing any read or
write operation. In the self-refresh mode of the memory 230, the memory 238 can still maintain
its stored contenis when the input voltage(s) are reduced from the nominal voltage level in one
embodiment of the invention.

In the selfrefresh mode of the memory 238, the units such as, bat are not limited to,
digital functional blocks, Input / Output (1/0) blocks, controller blocks, and any other blocks that
oquire a nomninal voltage to operate, can be switched off. This is because the memory cells in
the memory 230 are only required to be charged repeatedly to retain its contents and the wmits
can be swiiched off without affecting the memory 238 m one embodiment of the invention.

When the processing unit 218 has determined that the memory 230 is in an inactive staic
or mode, it indicates a low voltage mode 212 to the voltage regulator 228, In one embodiment of
the tnvention, the processing unit 288 indicates the low voliage mode 212 to the voltage
regulator 228 by using a8 commumication signal. In ancther embodiment of the invention, the
processing unit 210 indicates the low voliage mode 212 1o the voltage regulator 228 by using
side band signals.

For example, in one embodiment of the invention, the processing unit 218 sends voltage
identification bits (VHD) to indicate the low voltage mode 212 to the vohiage regulator 228, The
voltage ideuntification bits can be sent via a cormamunication interface in one ermbodiment of the
mvention. One of ordinary skill in the relevant art will readily appreciate that other methods of
indicating the low voltage mode 212 can be used without affecting the workings of the invention

and these other methods shall not be described herein.
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In one embodiment of the invention, when the voltage regulator 228 receives the low
voltage mode 212 from the processing unit, i changes the voltage level of the input voltages to
the memory 23¢. In one embodiment of the invention, the voltage regulator 228 changes the
voltage fevel of the input voltages to the memory 238 by switching off the power rail for the
termination voltage (VTT) of the address and / or data signals 234 between the processing unit
218 and the memory 238. In another embodiment of the invention, the voliage regulator 228
changes the voltage level of the input voltages to the memory 230 by reducing the voltage of the
power rail for the memory 236, In one embodiment of the invention, the voltage regulator 224
changes the voltage level of the input voltages to the memory 230 by reducing the voltage of the
logic in the processing unit that interfaces with the memory 238

In one embodiment of the nvention, when the processing unit 218 determines that the

wmory 238 is required to switch to an active state, the processing unit 210 indicates to the
voltage regulator 220 to cxit from the low voltage mode 212, The voltage regulator 226
configures the power rails back to the normal operating voltage level when it has received the
ndication from the processing unit 288, In one embodiment of the invention, the voltage
regulator 228 is selected such that it is able to configure the power rails back to normal operating
voltage level before any access of the memory 236, This is to avoid any memory access errors
that may occur when the processing unit 216 s accessing the memory 238 before the voltage
levels of the memory 234 has been restored in one embodiment of the iavention,

{n one erbodiment of the fovention, the processing unit 218 has the ability to configure
the ODT of the communication signal{s) with the memory 238. For exarmple, in one embodiment
of the mvention, the processing unit 218 has the ability to configure the Input / Oulput (VO)
termmation of the data signals with the memory 238,

In one embodiment of the invention, the strength of the pull up resistance of each pulled
up signal between the processing unit 216 and the memory 238 is configurable by the processing
unit 238, For example, the processing unit 218 can vary the strength the pull up resistance of the
signal in one embodiment of the invention. Different values of pull up resistance coupled to the
signal can be seiccted by the processing unit 218 in one embodiment of the invention.

Similarly, the processing onit 218 can configure the strength of the pull down resistance
of each pulled down signal between the processing unit 218 and the memory 238, Dnfferent
values of pull down resistance coupled to the signal can be selected by the processing anit 218 in
one embodiment of the invention.

The platform 288 iilustrated in figure 2 is not meant to be hmiting and other

configurations of the platform 288 can be used without affecting the workings of the invention.

(941
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For example, in one embodiment of the imvention, the voltage regulator 228 1s integrated with
the processing unit 218, When the voltage regulator 220 is integrated with the processing unit
210, the processing unit 218 may program the registers of the voliage regulator 226 to configure
the voltage levels of the memory 236,

In another embodiment of the invention, the memory 238 is integrated with the
processing unit 218 and the power domains of the roemory 238 and the processing unit 218 are
kept separate such that the voliage levels of the memory 238 can be reduced without affecting
the operations of the processing unit 216, In yet another embodiment of the invention, the
platform 208 is a system on chip with the processing unit 218, voltage regulator 228 and the
memory 238 packaged in the same substrate. In one embodiment of the invention, the processing
unit 218 and the memory 238 are inlegrated inio one package or one silicon chip. In another
embodiment of the invention, the processing unit 218 and the voltage regulator 226 ave
mtegrated into one package or one silicon chip. Oue of ordinary skill in the relevant art will
readity appreciate other components of the platform 288 can be added without affecting the
workings of the mvention and shall not be described herein.

Figure 3 ilustrates a flow chart 388 of dynamic power management of a memory device
i accordance with one embodiment of the invention. For clarity of invention, figwre 3 is
discussed with reference to figures | and 2. In step 310, the processing unit 218 checks if the

wernory 238 1s in an inactive state, The mactive state includes, but is not limited to, the self
refresh memory state, and any other state where the fimetional modules of the memory 230 can
be switched off.

{fno, the flow 360 goes back to step 318 to continue checking if the memory 230 is o 2o
mactive state. If yes, the processing unit 218 reads the temperature of the mermory 236 in step
32¢. In one crobodiment of the invention, the processing unit 238 reads the digital signais that
represent the temperature of the memory 238 in step 326

In step 338, the processing umt 218 checks if the temperature of the memory 238 is
within an acceptable range. For example, in one embodiment of the invention, the processing
unit 238 checks if the temperatare of the memory 238 is below a threshold m siep 338, In one
embodiment of the fnvention, the processing unit 238 checks if the tenperature of the memory
230 1s below a first threshold and checks if the temperature of the memory 238 is above a second
threshold step in step 338.

If the temperature of the memory 238 is not within an acceptable range, the flow 308
goes back to step 318 to continue checking if the memory 230 s in an inactive state. If the

temperature of the memory 236 is within an acceptable range, the processing unit 218 changes
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the settings of the memory to reduce the power consumption of the platform 206 in step 348,

For example, in one embodiment of the invention, the processing unit 2184 changes the
settings of the memory to reduce the power consumption of the platform 288 by indicating to the
voltage regulator 228 to switch off the termination voltage of the address and/or data signals. In
one embodiment of the mvention, the processing unit 238 changes the settings of the memory to

educe the power consumption of the platforra 208 by fndicating to the voltage regulator 220 to
reduce the voltage of the power rail of the memory 238, In one embodiment of the fovention, the
reduced voltage is set between the fail voltage 118 and the mininum voltage 116.

In another erobodiment of the invention, the processing unit 218 changes the scttings of
the memory to reduce the power consumption of the platform 208 by weakening or decreasing
the pull up strength of the pulled up signals between the processing unit 218 and the memory
238. The pulled up signals refer to signals that have a pull up resistor coupled between the signal
and a voltage supply.

In another embodiment of the invention, the processing unit 218 changes the seitings of
the memory to reduce the power consuraption of the platform 280 by weakening or decreasing
the pull up strength of the pulled up signals between the processing uvnit 238 and the memory
238. The pulled up signals refer o signals that have a pull up resistor coupled between the signal
and a voltage supply. In another embodiment of the mvention, the processing unit 218 changes
the settings of the mergory to reduce the power consumption of the platiorm 286 by weakening
or decreasing the pull down strength of the pulled up signals between the processing unmit 238
and the memory 238. The pulled down signals refer to signals that have a pull down resistor
coupled between the signai and a ground voltage.

In step 350, the processing anit 218 checks if there is any request to change the memory
230 to an active state. [ no, the flow 308 goes back to step 356 to continue checking if there is
any request to change the memory 238 o an active state. If ves, the processing unit 218 changes
the settings of the mersory to the normal power consumption of the platform 206 and the flow
386 zoes back 1o step 316,

Figure 4 illustrates a system in accordance with one embodiment of the invention. The
system 408 includes, buat is not Hmited to, a desktop compuler, a laptop computer, a netbook, a
noicbook computer, a personal digital assistant (PDA), a server, a workstation, a cellular
telephone, a mobile computing device, an Internetl apphlance or any other type of computing
device. In another embodiment, the systern 408 used to implement the methods disclosed herein
may be a system on a chip (SOC) system.

The processor 416 has a processing core 412 to execute instructions of the system 408.
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The processing core 412 meludes, but is not limited to, pre-feteh logic to fetch instructions,
decode logic to decode the mstructions, execution logic to execute mnstructions and the like. The
processor 438 has a cache memory 416 to cache msiructions and/or data of the systern 480, In
another embodiment of the invention, the cache memory 416 includes, but is not Hmited to, level
one, level two and level three, cache memory or any other configuration of the cache memory
within the processor 418.

The memory control hub (MCH) 414 performs functions that enable the processor 418 to
access and commmunicate with a memory 438 that inchudes a volatile memory 432 and/or a non-
volatile momory 434, The volatile memory 432 includes, but is not limited to, Synchronous
Dyovamic Random Access Memory (SDRAM), Dynamic Random Access Memory (DRAM),
RAMBUS Dynamic Random Access Memory (RDRAM), and/or any other type of random
access memaory device. The non-volatile memory 434 imcludes, but is not limited to, NAND fiash
memory, NOR flash memory, phase change memory (PCM), read ounly memory (ROM},
clectrically erasable programumable read only memory (EEPROM), or any other type of non-
volatile memory device.

The memory 438 stores information and instructions o be executed by the processor 414,
The memory 438 may also stores temporary variables or other mtermediate mformation while
the processor 416 18 executing wstructions. The chipset 428 connects with the processor 418 via
Point-to-Point (PP) interfaces 417 and 422. The chipset 428 enables the processor 418 to
connect to other modules n the systern 406, In one crobodiment of the vention, the interfaces
437 and 422 operate in accordance with a PtP communication protocol such as the Inicl®
CuuckPath Interconnect (3P or the like. The chipset 428 connects via the mterface 426 {0 a
display device 440 that includes, but is not Hmited to, Hquid crystal display (LCD), cathode ray
tabe (CRT} display, or any other form of visaal display device.

in addition, the chipset 428 connects via the interface 424 to one or more buses 458 and
468 that interconnect the various modules 474, 488, 482, 484, and 486, Buses 450 and 460 may

be interconnected together via a bus bridge 472 if there is a mismatch in bus speed or
communication protocol. The chipset 428 couples with, but is not himited to, a non-volatile
memory 488, a mass storage device(s) 482, a keyboard/mouse 484 and a network interface 486.
The mass storage device 482 mchudes, but is not limited to, a solid state drive, a hard disk dnive,
an universal serial bus flash memory drive, or any other form of computer data storage medium.
The network interface 486 is implemented using any type of well known network interface
standard inchuding, but not limdted to, an Ethernet interface, a universal serial bus (USH)

mterface, a Peripheral Component Interconnect (PCL Express interface, a wireless interface
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and/or any other suitable type of mterface. The wireless interface operates in accordance with,
but is not hmited to, the IEEE 802,11 standard and its related fanuly, Home Plug AV (HPAV),
Ultra Wide Band (UJWB), Bluetooth, WiMax, or any form of wireless communication protocol.

While the modules shown in figure 4 are depicied as separate blocks within the system
400, the fonctions performed by some of these blocks may be integrated within a single
serniconductor circuit or may be implemented using two or more separate integrated circuits,
For example, although the cache memory 416 is depicted as a separate block within the
processor 418, the cache memory 416 can be incorporated into the processor core 432
respectively. The system 488 may include more than one processor / processing core in another
embodiment of the invention.

Although examples of the embodiments of the disclosed subject matter are described, one
of ordinary skill in the relevant art will readily appreciate that many other methods of
nuplementing the disclosed subject matler may aliernatively be used.  In the preceding
description, various aspects of the disclosed subject matter have been described. For purposes of
explanation, specific numbers, systems and configurations were sel forth in order to provide a
thorough understanding of the subject matter. However, it is apparent {o one skilled in the
relevant art having the benefit of this disclosure that the subject matter may be practiced without
the specific details. In other mstances, well-known features, components, or modules were
omitted, simphfied, combined, or split in order not to obscure the disclosed subject matter,

The terms “1s operable” used herein means that the device, system, protocol ete, is able to
operale or is adapted to operate for its desived functionality when the device or system is in offt
powered state. Various embodiments of the disclosed subject matter may be implemented in
hardware, {frmware, software, or combination thereof, and may be described by reference 1o or
i conjunction with program code, such as instroctions, functions, procedures, data structures,
logic, application programs, design represeniations or formats for simulation, emulation, and
fabrication of a design, which when accessed by a machine resulis in the machine performing
tasks, defing abstract data types or low-level hardware contextis, or producing a result.

The technigues shown in the figures can be mmplemented using code and data stored and
executed on one or more computing devices such as general purpose computers or computing
devices. Such computing devices store and communicate (internally and with other computing
devices over a network) code and data using machine-readable media, such as machine readable
storage media {e.g., maguoetic disks; optical disks; random access memory; read only memory;
flash memory devices; phase-change memory) and machine readable communication media

(e.g., clectrical, optical, acoustical or other form of propagated signals — such as carrier waves,

g
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mfrared signals, digital signals, ete.).

While the disclosed subject matter has been described with reference to illustrative
embodiments, this description is not intended to be consitrued m a limiting sense.  Various
modifications of the llustrative embodiments, as well as other embodiments of the subject
matter, which are apparent to persons skilled 1o the art to which the disclosed subject matter

pertams are deemed to He within the scope of the disclosed subject matter.

10



10

15

20

WO 2012/128852 PCT/US2012/024185

CLAIMS
What is claimed s
1. A method comprising:
determining whether a memory s in an inactive state; and
communicating with a voltage regulator coupled with the memory to reduce a supply

voltage of the memory in response to a determination that the memory is in the inactive state.

2. The method of claim {, wherein the inactive state comprises a self refresh mode of the
Memory.
3 The method of claim 1, wherein the reduced supply of the memory is a roininum voltage

level required to maintam mformation stored in the memory.

4. The method of claim {, further comprising determining whether a temperature of the
memory is below a threshold, and wherein communicating with the voltage regulator coupled
with the memory te reduce the supply voltage of the memory in response to the determination
that the memory 18 1n the inactive state comprises:

communicating with the voltage regulator coupled with the memory to reduce the supply
voltage of the memory in response to the determination that the memory is in the inactive state

and a determination that the temperature of the memory 18 below the threshold.

5. The method of claim 1, further comprising:
communicating with the voltage regulator coupled with the memory to disable a
termination voltage of the memory in response to a deterroination that the memory s in the

inactive state.

6. The method of claim 1, further comprising:
changing an on-die ternvnation of one or more signals of a processor that are coupled

with the memory in response 10 a determination that the memory is in the inactive state,

7. An apparatus comprising:
{ogic to dynamically configure a supply voltage of a memory based at least in part on an
logic to d {ly ty voltage of v based at least 't

operating mode of the memory.

[,
J—
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& The apparatus of claim 7, wherein the logic is further to communicate with a voltage
regulator coupled with the memory 1o reduce the supply voltage of the memory based at least in

part on the operating mode of the memory.

9. The apparatus of claim §, wherein the reduced supply of the memory is a minmmum

voltage level required to mantain fnformation stored in the memory.

10. The apparatus of claim 7, wherein the logic is further to dynanucally change the strength
of en-die termination of one or move signals coupled with the memory based at least m part on
the operating mode of the memory, on an input voltage of the memory, or on a temperature of

the memory.

11, The apparatus of claim 9, wherein the logic to dynamically change the strength of the on-
die termunation of the one or more signals coupled with the memory based at least in part on the
operating mode of the memory is to:

dynamically change a strength of pull down resistors of at least one of the one or more
signals coupled with the memory; and

dynamically change a strength of pull up resistors of at least one of the one or more

signals coupled with the memory.

12, The apparatus of claim 9, wherein the logic is further to:
communicate with the voltage regulator coupled with the memory to disable a

termination voltage of the memory based at least in part on the operating mode of the memory.

13. The apparatus of claim 7, wheretn the operating mode comprises a self-refresh state.

14. A system comprising:
a Momory;
a voltage regulator coupled with the main memory; and
a processing logic to:
determine whether the roergory 1s in an inactive staie; and
communicate with the voltage regulator 1o reduce a supply voltage of the memory

i response to a determination that the memory s in the mactive state.

12
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15. The system of claim 14, wherein the inactive state comprises a self refresh mode of the

Wemory.

16. The system of claim 14, wherein the reduced supply of the memory is a miniroum voliage

level required to maintam mformation stored in the memory.

17. The system of claim 14, wherein the processing logic 1s further to determine whether a
temperature of the memory is below a threshold, and wherein the processing logic (o
communicate with the voltage regulator to reduce the supply voltage of the memory In response
to the determination that the memory 1s in the inactive state is to:

communicate with the voltage regulator to reduce the supply voltage of the memory in
response to the deternination that the memory is in the mnactive state and a determmation that

the temperature of the moemory is below the threshold.

18. The system of claim 16, wherein the processing logic is further 1o
communicate with the voltage regulator to disable a termivation voltage of the memory

n response to a determination that the memory s 1 the inactive state.

19, The system of claim 16, wherein the processing logic is further to:
change an on-die termoination of one or more signals of the processor logic that are

coupled with the memory in response to a determination that the memory s m the inactive state.
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