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to a volatile system memory. The method includes entering a hibernation
mode of the electronic device, where in the hibernation mode, the volatile
system memory ispowered off. The method further includes detecting atrig-
gering event and, in response to detecting the triggering event, exiting the hi-
bernation mode. While exiting the hibernation mode, the volatile system
memory ispowered and apre-hibernation state of the volatile system memory
isrestored.



w o 2013005844 A 1 (Ml AR TG ALREAL 0 T

— before the expiration d the time limitfor amending the
claims and to be republished in the event d receipt d
amendments (Rule 48.2(h))




10

15

20

25

WO 2013/095844 PCT/US2012/065881

-1-

SYSTEMS AND METHODS OF EXITING HIBERNATION IN RESPONSE TO
A TRIGGERING EVENT

FIELD OF THE DISCLOSURE

The present disclosure is generally related to exiting a hibernation mode of a device.

BACKGROUND

Use of mobile devices, such as portable wireless telephones, personal digital assistants
(PDAs), and paging devicesthat are small, lightweight, and easily carried by usersis
widespread. However, power consumption of such mobile devices can quickly deplete
abattery within the device. Many devices include one or more components that can
enter alow-power mode, such as a sleep mode or a hibernation mode, when not in use.
However, system memory includes information that istypically needed by the mobile
device and that is lost when the memory loses power. Preparation for and waking up
from the low-power mode in such devices may be time consuming, which may

negatively impact auser experience provided by the mobile device.

SUMMARY

Power savings may be achieved by amulti-chip package that is configured to enter a
low-power state (e.g., by shutting off power to a least aportion of avolatile memory in
the multi-chip package). For example, power savings may be achieved by amulti-chip
package that is configured to enter a hibernation mode by copying data from avolatile
system memory to non-volatile memory. An electronic device coupled to the multi-chip
package may detect atriggering event and exit the hibernation mode in response to
detecting the triggering event. While exiting the hibernation mode, the volatile system
memory ispowered and apre-hibernation state of the volatile system memory is
restored.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. lisablock diagram of afirst illustrative embodiment of a system to perform a

data save operation that copies data from avolatile memory to anon-volatile memory;

FIG. 2 isdiagram of a second illustrative embodiment of the system of FIG. 1;
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FIG. 3isadiagram of athird illustrative embodiment of the system of FIG. 1;

FIG. 4isablock diagram that illustrates aparticular embodiment of receipt of hardware

signals that indicate that a data storage device isto enter alow-power state;

FIG. 5isablock diagram that illustrates aparticular embodiment of receipt of a
hibernation instruction that indicates that a data storage device isto enter alow-power

state;

FIG. 6isablock diagram that illustrates aparticular embodiment of receipt of atimer
value exceeding ahibernation threshold to indicate that a data storage device isto enter
alow-power state, where the timer value indicates an elapsed time since receipt of a

request from the host device to access the volatile memory;

FIG. 7isablock diagram that illustrates aparticular embodiment of powering off the

volatile memory of adata storage device,

FIG. 8isablock diagram that illustrates a particular embodiment of a data save
operation that copies data from the volatile memory to anon-volatile memory of adata

storage device;

FIG. 9isaflow diagram illustrating aparticular embodiment of amethod of performing
a data save operation that copies data from avolatile memory to anon-volatile memory

of a data storage device;

FIG. 10 isaflow diagram illustrating another particular embodiment of amethod of
performing a data save operation that copies data from avolatile memory to anon-

volatile memory of a data storage device;

FIG. 1lisablock diagram that illustrates aparticular embodiment of a system to
perform a data save operation that copies data from avolatile memory to anon-volatile

memory of a data storage device;

FIG. 12 isadiagram of a second illustrative embodiment of the non-volatile memory

and the volatile memory of the system of FIG. 11;
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FIG. 13 isablock diagram that illustrates a particular embodiment of receipt of an
indication of datathat istoremain available at a data storage device during a

hibernation mode;

FIG. 14 isablock diagram that illustrates a particular embodiment of the controller of

FIG. 11 configured to power off avolatile memory;

FIG. 15 isaflow diagram illustrating aparticular embodiment of amethod of
performing a data save operation that copies data from avolatile memory to anon-

volatile memory of a data storage device;

FIG. 16 isadiagram that illustrates aparticular illustrative embodiment of a system to
perform a data save operation that copies data from anon-volatile memory to avolatile

memory;

FIG. 17 isaflowchart that illustrates aparticular illustrative embodiment of amethod of
performing a data save operation that copies data from anon-volatile memory to a

volatile memory;

FIG. 18 isaflowchart that illustrates another embodiment of amethod of performing a

data save operation that copies data from anon-volatile memory to avolatile memory;

FIG. 19 isaflowchart that illustrates another embodiment of amethod of performing a

data save operation that copies data from anon-volatile memory to avolatile memory;

FIG. 20isablock diagram that illustrates aparticular embodiment of a system to exit a

hibernation mode in response to detecting atriggering event; and

FIG. 21isaflowchart that illustrates aparticular illustrative embodiment of amethod of

exiting ahibernation mode in response to detecting atriggering event.

DETAILED DESCRIPTION

A data storage device performs a data save operation that copies data from avolatile
memory in the data storage device to anon-volatile memory in the data storage device
in response to determining, based on an indication from ahost device, that the data

storage device isto enter alow-power state (e.g., hibernation). Copying the data from
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the volatile memory to the non-volatile memory prevents loss of the data upon

interruption of power to the volatile memory.

Systems and methods of performing a data save operation are disclosed. The data save
operation copies data from avolatile memory of the data storage device to anon-
volatile memory of the data storage device in response to an indication from a host
device that the data storage device isto enter alow-power state. Copying the datato the
non-volatile memory prevents loss of the data upon interruption of power to the volatile

memory.

A method may be performed by an electronic device coupled to amulti-chip package
that includes a controller, anon-volatile memory, and avolatile memory. The method
includes entering ahibernation mode of the electronic device, where in the hibernation
mode, the volatile system memory ispowered off. The method further includes
detecting atriggering event and, in response to detecting the triggering event, exiting the
hibernation mode. While exiting the hibernation mode, the volatile system memory is

powered and apre-hibernation state of the volatile system memory isrestored.

Referring to FIG. 1, aparticular illustrative embodiment of a system to perform a data
save operation that copies data from avolatile memory to anon-volatile memory is
depicted and generally designated 100. The system 100 includes a data storage device
102 coupled to ahost device 130. The data storage device 102 includes avolatile
memory 112 and anon-volatile memory 104 coupled to a controller 110. The volatile

memory 112 may be arandom access memory (RAM).

The host device 130 may be configured to provide datato be stored at the volatile
memory 112 or at the non-volatile memory 104 or to request data to beread from the
volatile memory 112 or from the non-volatile memory 104. For example, the host
device 130 may include amobile telephone, amusic or video player, agaming console,
an electronic book reader, apersona digital assistant (PDA), a computer, such as a
laptop computer, anotebook computer, or atablet, any other electronic device, or any

combination thereof.

The data storage device 102 isamulti chip package (MCP) device. The MCP device

includes anon-volatile memory interface 194 to enable access to the non-volatile
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memory 104 by the host device 130 and avolatile memory interface 196 to enable
access to the volatile memory 112 by the host device 130. The data storage device 102
is coupled to the host device 130 via anon-volatile memory bus 134 and arandom
access memory bus 136. The non-volatile memory bus 134 is coupled to the non-
volatile memory interface 194 and the random access memory bus 136 is coupled to the
volatile memory interface 196. The data storage device 102 may provide non-volatile
storage and volatile storage to the host device 130 via the non-volatile memory bus 134

and the random access memory bus 136, respectively.

The non-volatile memory 104 may be anon-volatile memory of aflash device, such asa
NAND flash device, aNOR flash device, or any other type of flash device. The non-
volatile memory 104 includes a hibernate area 106. The hibernate area 106 may be a
physical partition in the non-volatile memory 104, a dedicated range of storage blocks
in the non-volatile memory 104, or a separate storage device, asillustrative examples.
The hibernate area 106 may be configured to store data 116 that has been copied from

the volatile memory 112 to the hibernate area 106 of the non-volatile memory 104.

The controller 110 controls operations of the non-volatile memory 104 and the volatile
memory 112. For example, the controller 110 may include aflash controller or may be
coupled to a separate flash controller. The controller 110 may be configured, upon
recelving an instruction from the host device 130, to instruct the volatile memory 112 or
the non-volatile memory 104 to store data or to instruct the volatile memory 112 or the

non-volatile memory 104 to read data.

The controller 110 may be configured to enter ahibernation or other low-power state,
upon receiving an instruction from the host device 130. For example, the controller 110
may be configured to determine, based on an indication 118 received from the host
device 130, that the data storage device 102 isto enter alow-power state. The
controller 110 may receive apower event signal from the host device 130 indicating a
deep state or apower off state, as described with respect to FIG. 4. As another
example, the controller 110 may receive ahibernation instruction from the host device
130 indicating a hibernation state, as described with respect to FIG. 5, or may detect a
period of inactivity, as described with respect to FIG. 6. Alternatively, the controller
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110 may be configured to enter a hibernation or other low-power state independent of

any instructions from the host device 130.

In response to determining that the data storage device 102 isto enter the low-power
state, the controller 110 may perform a data save operation 114 that bypasses the non-
volatile memory interface 194 and the volatile memory interface 196 and that copies the
data 116 from the volatile memory 112 to the hibernate area 106 of the non-volatile
memory 104. Copying the data 116 from the volatile memory 112 to the hibernate area
106 of the non-volatile memory 104 prevents loss of the data 116 upon interruption of
power to the volatile memory 112. To illustrate, the data save operation 114 may
include copying the data 116 from the volatile memory 112 to the controller 110, and
writing the data 116 from the controller 110 to the hibernate area 106 of the non-volatile
memory 104 viathe bus 150. Upon completion of the data save operation 114, an
indication 120 may be sent to the host device 130 that the data storage device 102 is
prepared for interruption of power supplied by the host device 130.

During operation, while the data storage device 102 is operatively coupled to the host
device 130, the host device 130 may send read requests and/or write requests to access
the non-volatile memory 104 and to access the volatile memory 112. The controller 110

is configured to process the read requests and the write requests.

The host device 130 may send the indication 118 that the data storage device 102 isto
enter the low-power state. In response to determining, based on the indication 118, that
the data storage device 102 isto enter the low-power state, the controller 110 may
perform the data save operation 114 that bypasses the non-volatile memory interface
194 and the volatile memory interface 196 and copies the data 116 from the volatile
memory 112 to the non-volatile memory 104. For example, the data 116 may be copied
from the volatile memory 112 to the hibernate area 106 of the non-volatile memory 104
via adedicated bus, such as described with respect to FIG. 3, or via multiple internal
buses, such as described with respect to FIG. 2. Upon completion of the data save
operation 114, the controller 110 may send the indication 120 to the host device 130
indicating that the data storage device 102 is prepared for interruption of power supplied
by the host device 130. Alternatively, or in addition, the controller 110 may be

configured, upon completion of the data save operation 114, to power off the volatile
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memory 112 while maintaining power to the controller 110, such as described with
respect to FIG. 7. Upon completion of the data save operation 114, the controller 110

may cause the data storage device 102 to enter the low-power state.

After the data storage device 102 enters the low-power state, the controller 110 may be
configured to cause the data storage device 102 to exit the low-power state. For
example, the controller 110 may be configured to perform adata restore operation 115.
The data restore operation 115 may include copying stored data from the non-volatile
memory 104 to the volatile memory 112 to restore amemory image of the volatile
memory 112. The stored data may be copied from the non-volatile memory 104 to the
controller 110 and then from the controller 110 to the volatile memory 112, as described
in further detail with respect to FIG. 2. Alternatively, the stored data may be copied
from the non-volatile memory 104 to the volatile memory 112 via a hibernation bus, as
described in further detail with respect to FIG. 3.

In implementations where the volatile memory 112 ispowered off while the controller
110 remains operational, powering off the volatile memory 112 reduces overall power
consumption of the data storage device 102. Performing the data save operation 114
enables the data storage device 102, upon power up, to more quickly revert to a state
that the data storage device 102 was in prior to entering the low-power state because the
data 116 copied from the volatile memory 112 to the non-volatile memory 104 may be
readily available to the host device 130 upon power up and without requiring
participation of the host device in the data storage and the data retrieval related to the

data save operation 114.

Referring to FIG. 2, asecond illustrative embodiment of the system of FIG. 1lis
depicted and generally designated 200. The system 200 includes the data storage device
102 coupled to the host device 130. The data storage device 102 includes the non-
volatile memory 104, the hibernate area 106, the controller 110, and the volatile

memory 112.

The host device 130 includes an application processor 230 coupled to the non-volatile
memory (NVM) bus 134. The application processor 230 is also coupled to the random
access memory (RAM) bus 136. The host device 130 may be coupled to the data
storage device 102 via the NVM bus 134 and the RAM bus 136. The application
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processor 230 may communicate with the non-volatile memory 104 viathe NVM bus
134. The application processor 230 may communicate with the volatile memory 112
viathe RAM bus 136 and the controller 110.

The controller 110 may provide an interface between the RAM bus 136 and the volatile
memory 112. The controller 110 may translate addressing from the application
processor 230 to RAM addressing. The controller 110 may aso be configured to
receive power event signals 220 from the host device 130. The power event signals 220
may include one or more hardware signals indicating a sleep state of the data storage
device 102 or apower off state of the data storage device 102. The controller 110 may
be configured to detect receipt of the power event signals 220 from the host device 130
and, based on the power event signals 220, determine that the data storage device 102 is
to enter alow-power (e.g., sleep or power off) state. In response to determining that the
data storage device 102 isto enter the low-power state, the controller 110 may perform
the data save operation 114 of FIG. 1. The controller 110 may be configured to initiate
data transfer between the volatile memory 112 and the non-volatile memory 104 by
passing data from the volatile memory 112 through the controller 110 to the hibernate
area 106 of the non-volatile memory 104. To illustrate, the controller 110 may be
configured to initiate aread operation to read data from the volatile memory 112, to
encode the read data for storage at the hibernate area 106 (e.g., error correction coding
(ECC) encoding), and to write the encoded data to the hibernate area 106 of the non-

volatile memory 104 via the bus 150.

During operation, while the data storage device 102 is operatively coupled to the host
device 130, the host device 130 may send the power event signals 220 indicating that
the data storage device 102 isto enter the low-power state (e.g., indicating asleep state
of the data storage device 102 or apower off state of the data storage device 102). In
response to determining, based on the power event signals 220, that the data storage
device 102 isto enter the low-power state, the controller 110 may perform the data save
operation 114 that copies the data 116 from the volatile memory 112 to the non-volatile

memory 104.

The controller 110 may be configured to access apage loading table 206 that is stored in
the hibernate area 106 and to use the page loading table 206 to determine an order of
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dataretrieval upon exiting the low-power state. For example, the page loading table
206 may indicate aloading order of memory pages to be copied from avolatile memory
image stored in the hibernate area 106 to the volatile memory 112. The controller 110
may incorporate or use amemory management unit to determine the loading order and

may maintain the indication of the loading order in the page loading table 206.

In implementations where the volatile memory 112 ispowered off while the controller
110 remains operational, powering off the volatile memory 112 reduces overall power
consumption of the data storage device 102. Performing the data save operation 114
enables the data storage device 102, upon power up, to more quickly revert to a state
that the data storage device 102 was in prior to entering the low-power state. The data
116 copied from the volatile memory 112 to the non-volatile memory 104 may be
readily available to the application processor 230 upon power up and without requiring
participation of the application processor 230 in the data storage and the data retrieval.

Referring to FIG. 3, athird illustrative embodiment of the system of FIG. 1is depicted
and generaly designated 300. The system 300 includes the data storage device 102
coupled to the host device 130. The host device 130 includes the application processor
230 coupled to the non-volatile memory bus 134 and coupled to the RAM bus 136. The
data storage device 102 includes the controller 110, the non-volatile memory 104, the
hibernate area 106, the page loading table 206, and the volatile memory 112. The data
storage device 102 includes ahibernate data bus 312 to enable data transfer between the

non-volatile memory 104 and the volatile memory 112 to bypass the controller 110.

The controller 110 is coupled to the hibernate data bus 312, and the hibernate data bus
312 connects the non-volatile memory 104 and the volatile memory 112. The controller
110 may be configured to detect receipt of the power event signals 220 from the host
device 130 and to determine, based on the power event signals 220, that the data storage
device 102 isto enter the low-power state. The controller 110 may be configured to
perform the data save operation by generating afirst bus control signal 314 (e.g., a
signal, acommand, etc.) to cause the hibernate data bus 312 to access data from the
volatile memory 112 and to generate a second bus control signal 316 (e.g., asignal, a
command, etc.) to cause the hibernate data bus 312 to send the data to the hibernate area

106 of the non-volatile memory 104. The page loading table 206 may be accessed by
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the controller 110 and used to determine aloading order of memory pages from a
volatile memory image stored in the hibernate area 106 to the volatile memory 112 upon

wakeup from the low-power state.

Using the hibernate data bus 312 may be faster for the data save operation or the data
restore operation as compared to FIG. 2. For example, the controller 110 may be
coupled to the non-volatile memory 104 via abus and to the volatile memory 112 via
another bus, such asillustrated in FIG. 2. Datatransfer between the non-volatile
memory 104 and the controller 110 and between the controller 110 and the volatile
memory 112, as described with respect to FIG. 2, may introduce additional latency as
compared to datatransfer between the non-volatile memory 104 and the volatile
memory 112 viathe hibernate data bus 312. Asaresult, entering the low-power state
and/or exiting the low-power state may be performed more quickly as compared to the
system of FIG. 2.

FIGS. 4-6 are examples of different indications that may be sent from a host device to a
data storage device to indicate that the data storage device isto enter alow-power state,
such asthe indication 118 sent by the host device 130 of FIG. 1to the controller 106 to
indicate that the data storage device 102 of FIG. listo enter the low-power state. For
example, referring to FIG. 4, adiagram 400 illustrates receipt of hardware signals 402.
The diagram 400 includes the controller 110 configured to receive the hardware signals
402 from the host device 130 at a hardware signal detection circuit 404. The hardware
signals 402 may indicate a sleep state or apower off state. For example, the hardware
signals 402 may be compatible with the advanced configuration and power interface
(ACPI) specification for device configuration and power management, such asthe
Advanced Configuration and Power Interface Specification, Revision 5.0, released
November 23, 201 1.

The controller 110 may be configured to, in response to determining that the data
storage device 102 isto enter the low-power state in response to receiving the hardware
signals 402, perform the data save operation 114 that copies data from the volatile
memory 112 to the non-volatile memory 104. After the data save operation 114 has

completed, the data storage device 102 may enter ahibernation state. For example, the
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data storage device 102 may enter the hibernation state automatically after completing
the data save operation 114.

As another example, the hardware signals 402 may cause the data storage device 102 to
enter the hibernation state. For example, the hardware signals 402 may indicate a Sleep
state, where the sleep state includes the hibernation state. The hardware signal detection
circuit 404 may detect the hardware signals 402, may cause the data save operation 114
to be performed, and may cause the controller 110 to instruct the data storage device
102 to enter the hibernation state after the data save operation 114 has completed.

Referring to FIG. 5, adiagram 500 illustrates receipt of ahibernation instruction 502
from the application processor 230 of the host device 130 at a hibernation instruction
detector 504 of the controller 110 of FIG. 1, FIG. 2, or FIG. 3. The hibernation
instruction 502 may indicate the hibernation state.

The controller 110 may be configured to, in response to determining that the data
storage device 102 isto enter the low-power state in response to receiving the
hibernation instruction 502, perform the data save operation 114 that copies data from
the volatile memory 112 to the non-volatile memory 104. After the data save operation
114 has completed, the data storage device 102 may enter the hibernation state. For
example, the hibernation instruction detector 504 may detect the hibernation instruction
502, may cause the data save operation 114 to be performed, and may cause the
controller 110 to instruct the data storage device 102 to enter the hibernation state after
the data save operation 114 has completed.

Referring to FIG. 6, adiagram 600 illustrates receipt of arequest to access the volatile
memory 112, such as avolatile memory access request 602. The controller 110 may be
configured to determine that the data storage device 102 isto enter alow-power state by
determining that an elapsed time since receipt of amost recent volatile memory access
reguest 602 from the host device 130 to access the volatile memory 112 has exceeded a
threshold.

For example, avolatile memory inactivity timer 604 may be arunning timer that isreset
each time avolatile memory access request 602 isreceived. A vaue of the volatile

memory inactivity timer 604 may be compared to athreshold, such as a hibernation



10

15

20

25

30

WO 2013/095844 PCT/US2012/065881

-12 -

threshold 606. Based on the comparison between the inactivity timer 604 and the
hibernation threshold 606, the data save operation 114 may be executed. For example,
if the value of the volatile memory inactivity timer 604 exceeds the hibernation
threshold 606 (e.g., the elapsed time since receipt of the volatile memory access request
602 to access the volatile memory 112 has exceeded an inactivity limit), the data save

operation 114 may be executed.

After the data save operation 114 has completed, the data storage device 102 may enter
the hibernation state. For example, the data storage device 102 may enter the
hibernation state automatically after the data save operation 114 has completed and
without instruction or intervention from the host device 130. Asaresult of
autonomously entering the hibernation state, apower saving benefit may be provided to
host devices that may not support hibernation. In addition, by performing the data save
operation 114 without intervention from an application processor of the host device, a
processing load of the application processor of the host device isreduced as compared
to an implementation where the host device directs the data transfer from volatile

memory to non-volatile memory.

Referring to FIG. 7, adiagram 700 illustrates an embodiment of the controller 110 of
FIGs. 1-3 configured to power off the volatile memory 112. The controller 110 may be
configured to execute the data save operation 114. The controller 110 may be
configured, upon completion of the data save operation 114, to power off the volatile
memory 112 while maintaining power to the controller 110. For example, apower
control circuit 702 for the volatile memory may be configured to detect that the data
save operation 114 has completed. To illustrate, the power control circuit 702 for the
volatile memory may include an input coupled to receive aresult value that is generated
by the data save operation 114. Upon detecting completion of the data save operation
114, the power control circuit 702 for the volatile memory may cause the controller 110
to interrupt apower supply to the volatile memory 112. Asaresult, the controller 110

may power off the volatile memory 112 while maintaining power to the controller 110.

Referring to FIG. 8, adiagram 800 illustrates a data save operation that copies data from
the volatile memory 112 to the non-volatile memory 104. The volatile memory 112

includes amemory image 802 including multiple memory portions 804, such as
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representative memory portions 810 and 812. The memory image 802 may include a
copy of datain at least aportion of the volatile memory 112. Each particular memory
portion of the multiple memory portions 804 may have a change indicator 806 that
indicates whether the particular memory portion has been modified since amost recent
data restore operation. For example, the data save operation 114 may cause the memory
image 802 of the volatile memory 112 to be stored in the non-volatile memory 104.
However, if aportion of the memory image 802 has not changed since alast save to the
non-volatile memory 104, the portion need not bere-saved to the non-volatile memory
104. The data save operation 114 may selectively copy one or more of the memory
portions 804 of the volatile memory 112 to the non-volatile memory 104 based on
whether one or more of the change indicators 806 indicates that one or more of the

memory portions 804 have been modified since amost recent data restore operation.

For example, a change indicator value of "1" in the memory portion 810 may indicate
that the memory portion 810 has been modified since amost recent data restore
operation. Based on the indication that the memory portion 810 has been modified
since amost recent data restore operation, the memory portion 810 may be selectively
copied from the volatile memory 112 to the non-volatile memory 104 during the data
save operation 114. Similarly, achange indicator value of "1" in the memory portion
812 may indicate that the memory portion 812 has been modified since amost recent
data restore operation, and based on the indication, the memory portion 812 may be
selectively copied from the volatile memory 112 to the non-volatile memory 104 during
the data save operation 114. A change indicator value of "0" in one or more of the
memory portions 804 may indicate that the one or more memory portions 804 have not
been modified since amost recent datarestore operation. Inthat case, the memory
portions 804 having a change indicator value of "0" may not be copied from the volatile

memory 112 to the non-volatile memory 104 during the data save operation 114.

By selectively copying data that has been modified since amost recent datarestore
operation from the volatile memory 112 to the non-volatile memory 104 and not
copying data that has not been modified since the most recent data restore operation
from the volatile memory 112 to the non-volatile memory 104, latency may be
improved as compared to copying all the data in the memory image 802 regardless of
whether the data has been modified.
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FIG. 9 depicts aflowchart that illustrates an embodiment of amethod 900 of performing
a data save operation that copies data from avolatile memory to anon-volatile memory.
The method 900 may be performed by a data storage device having a controller, anon-
volatile memory including ahibernate area, avolatile memory, anon-volatile memory
interface, and avolatile memory interface. For example, the method 900 may be
performed by the data storage device 102 of FIG. 1, FIG. 2, and FIG. 3.

A determination ismade, based on an indication from ahost device, that the data
storage device isto enter alow-power state, at 902. To illustrate, the controller 110 may
receive one or more of the power event signals 220 from the host device 130. For
example, the controller 110 may receive one or more hardware signals, such asthe
hardware signals 402 of FIG. 4, indicating the sleep state or the power off state.
Alternatively, the controller 110 may detect receipt of a hibernation instruction, such as
the hibernation instruction 502 from the host device 130 of FIG. 5, indicating the
hibernation state. Alternatively, the controller 110 may detect that atimer value
exceeds ahibernation threshold, where the timer value indicates an elapsed time since
receipt of amost recently received request from the host device to access the volatile
memory. For example, avalue of the volatile memory inactivity timer 604 of FIG. 6
may be determined to exceed the hibernation threshold 606.

In response to determining that the data storage device isto enter the low-power state, a
data save operation that copies data from the volatile memory to the hibernate area of
the non-volatile memory isperformed by the controller, a 904. Copying the data to the
non-volatile memory prevents loss of the data upon interruption of power to the volatile
memory. For example, the data save operation may include bypassing the non-volatile
memory interface 194 and the volatile memory interface 196 and copying the data 116
from the volatile memory 112 to the controller 110, and writing the data 116 from the
controller 110 to the hibernate area 106 of the non-volatile memory 104 via the bus 250.
Alternatively, the data save operation 114 may include bypassing the non-volatile
memory interface 194 and the volatile memory interface 196 and generating the first bus
control signal 314 to cause the hibernate data bus 312 to access the data 116 from the
volatile memory 112 and generating the second bus control signal 316 to cause the
hibernate data bus 312 to send the data 116 to the hibernate area 106 of the non-volatile

memory 104.
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Upon completion of the data save operation, the volatile memory may be powered off
by the controller while maintaining power to the controller, a 906. For example, the
power control circuit 702 may detect that the data save operation 114 has completed.
Upon detecting completion of the data save operation 114, the power control circuit 702
may cause the controller 110 to power off the volatile memory 112 while maintaining

power to the controller 110.

Alternatively, upon completion of the data save operation, an indication may be sent to
the host device that the data storage device isprepared for interruption of power
supplied by the host device, at 908. For example, the indication 120 may be sent to the
host device 130 that the data storage device 102 isprepared for interruption of power
supplied by the host device 130.

Alternatively, upon completion of the data save operation, a hibernation state may be
entered, where entering the hibernation state isperformed without host intervention or
host action, at 910. For example, the data storage device 102 may enter the hibernation
state automatically after the data save operation 114.

In implementations where the volatile memory 112 ispowered off but the controller 110
remains operational, powering off the volatile memory 112 reduces overall power
consumption of the data storage device 102. Performing the data save operation 114
enables the data storage device 102, upon power up, to more quickly revert to a state
that the data storage device 102 was in prior to entering the low-power state. The data
116 copied from the volatile memory 112 to the non-volatile memory 104 may be
readily available to the host device 130 upon power up and without requiring
participation of the host device in the data storage and the data retrieval related to the
data save operation 114. Inimplementations where the host device 130 interrupts
power to the data storage device 102, performing the data save operation 114 enables
the data storage device to protect data stored at the volatile memory 112 prior to
powering off and without requiring participation of the host device in the data storage
and the dataretrieval related to the data save operation 114.

FIG. 10 depicts aflowchart that illustrates another embodiment of amethod 1000 of
performing a data save operation that copies data from avolatile memory to anon-

volatile memory. The method 1000 may be performed by a data storage device having
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acontroller, anon-volatile memory, avolatile memory, ahibernate data bus that
connects the non-volatile memory and the volatile memory, anon-volatile memory
interface, and avolatile memory interface. For example, the method 1000 may be
performed by the data storage device 102 of FIG. 1and FIG. 3.

A determination ismade, based on an indication from ahost device, that the data
storage device isto enter alow-power state, a 1002. To illustrate, the controller 110
may receive one or more of the power event signals 220 from the host device 130. For
example, the controller 110 may receive one or more hardware signals, such asthe
hardware signals 402 of FIG. 4, indicating the sleep state or the power off state.
Alternatively, the controller 110 may detect receipt of a hibernation instruction, such as
the hibernation instruction 502 from the host device 130 of FIG. 5, indicating the
hibernation state. Alternatively, the controller 110 may detect that atimer value
exceeds a hibernation threshold, where the timer value indicates an elapsed time since
receipt of amost recently received request from the host device to access the volatile
memory. For example, avalue of the volatile memory inactivity timer 604 of FIG. 6
may be determined to exceed the hibernation threshold 606.

In response to determining that the data storage device isto enter the low-power state, a
data save operation that copies data from the volatile memory to the non-volatile
memory isperformed by the controller, a 1004. Copying the datato the non-volatile
memory prevents loss of the data upon interruption of power to the volatile memory.
For example, the data save operation may include bypassing the non-volatile memory
interface 194 and the volatile memory interface 196 and copying the data 116 from the
volatile memory 112 to the hibernate area 106 of the non-volatile memory 104 viathe
hibernate data bus 312 by generating the first bus control signal 314 to cause the
hibernate data bus 312 to access the data 116 from the volatile memory 112 and
generating the second bus control signal 316 to cause the hibernate data bus 312 to send

the data 116 to the hibernate area 106 of the non-volatile memory 104.

Upon completion of the data save operation, the volatile memory may be powered off
by the controller while maintaining power to the controller, a 1006. For example, the
power control circuit 702 may detect that the data save operation 114 has completed.

Upon detecting completion of the data save operation 114, the power control circuit 702
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may cause the controller 110 to power off the volatile memory 112 while maintaining

power to the controller 110.

Alternatively, upon completion of the data save operation, an indication may be sent to
the host device that the data storage device is prepared for interruption of power
supplied by the host device, at 1008. For example, the indication 120 may be sent to the
host device 130 that the data storage device 102 isprepared for interruption of power
supplied by the host device 130.

Alternatively, upon completion of the data save operation, a hibernation state may be
entered, where entering the hibernation state is performed without host intervention or
host action, at 1010. For example, the data storage device 102 may enter the
hibernation state automatically after the data save operation 114.

In implementations where the volatile memory 112 ispowered off but the controller 110
remains operational, powering off the volatile memory 112 reduces overall power
consumption of the data storage device 102. Performing the data save operation 114
enables the data storage device 102, upon power up, to more quickly revert to a state
that the data storage device 102 was in prior to entering the low-power state. The data
116 copied from the volatile memory 112 to the non-volatile memory 104 may be
readily available to the host device 130 upon power up and without requiring
participation of the host device in the data storage and the data retrieval related to the
data save operation 114. Inimplementations where the host device 130 interrupts
power to the data storage device 102, performing the data save operation 114 enables
the data storage device 102 to protect data stored at the volatile memory 112 prior to
powering off and without requiring participation of the host device 130 in the data
storage and the data retrieval related to the data save operation 114.

Referring to FIG. 11, aparticular illustrative embodiment of a system to perform a data
save operation that copies data from avolatile memory to anon-volatile memory is
depicted and generally designated 1100. The system 1100 includes the data storage
device 102 coupled to the host device 130. The data storage device 102 includes the

non-volatile memory 104, the controller 110, and the volatile memory 112.
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The volatile memory 112 includes afirst portion 1110 and a second portion 1120. The
first portion 1110 of the volatile memory 112 may be powered off in ahibernate mode
and the second portion 1120 of the volatile memory 112 may maintain power during the
hibernate mode. The first portion 1110 contains data including flagged data 1112 and
other data 1114. The flagged data 1112 corresponds to data that isto remain available
to the host device 130 at the volatile memory 112 during the hibernation mode. For
example, the flagged data 1112 may be datathat has been indicated as having apriority
that ishigher than that of the other data 1114. The other data 1114 corresponds to data
that does not remain available to the host device 130 at either the volatile memory 112

or the non-volatile memory 104 during the hibernation mode.

The controller 110 may be configured to receive one or more indicators 1130 that are
indicative of adata priority and to flag particular data in the first portion 1110 of the
volatile memory 112 according to the one or more indicators 1130. For example, the
one or more indicators 1130 may include ahigher priority indicator 1132 that indicates
particular data having ahigher priority than other data. The one or more indicators
1130 may include amost active indicator 1134 that indicates particular datathat ismost
active within the data storage device 102 and having a higher priority than other data.
The one or more indicators 1130 may include amost recently used indicator 1136 that
indicates particular datathat has been most recently used within the data storage device
102 and having ahigher priority than other data. The one or more indicators 1130 may
include an identified by operating system indicator 1138 that indicates particular data
identified by an operating system of the data storage device 102 or of the host device
130 as having a higher priority than other data.

The controller 110 is configured to cause the volatile memory 112 to enter the
hibernation mode. For example, the controller 110 is configured to copy, to the second
portion 1120, data 1112 that isin the first portion 1110 and that is flagged to remain
available to the host device 130 at the volatile memory 112 during the hibernation
mode. Copying the flagged data 1112 from the first portion 1110 to the second portion
1120 may prevent loss of the flagged data 1112 dueto the first portion 1110 being
powered off. The data 1112 may be flagged according to the one or more indicators

1130. The second portion 1120 maintains power during the hibernation mode and the
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flagged data 1112 remains accessible a the volatile memory 112 to the host device 130

while the volatile memory 112 isin the hibernation mode.

The controller 110 may be configured to copy the other data 1114 in the first portion
1110 to the non-volatile memory 104 prior to powering off the first portion 1110. The
other data 1114 may be copied to a secure hibernate area of the non-volatile memory

104 and does not remain available to the host device 130 during the hibernate mode.

During operation, while the data storage device 102 is operatively coupled to the host
device 130, the host device 130 may send read requests and/or write requests to access
the non-volatile memory 104 and to access the volatile memory 112, and the controller
110 processes the received requests. In response to determining that the data storage
device 102 isto enter the hibernation mode, the controller 110 may cause the volatile
memory 112 to enter the hibernation mode by copying the fiagged data 1112 in the first
portion 1110 to the second portion 1120 and by copying the other data 1114 in the first
portion 1110 to the non-volatile memory 104. After copying the flagged data 1112
from the first portion 1110 to the second portion 1120 and copying the other data 1114
from the first portion 1110 to the non-volatile memory 104, the controller 110 may
power off the first portion 1110 while the second portion 1120 maintains power. The
flagged data 1112 that was copied from the first portion 1110 to the second portion
1120 remains available to the host device 130 at the volatile memory 112 during the
hibernation mode. The other data 1114 that was copied from the first portion 1110 to
the secure hibernate area of the non-volatile memory 104 does not remain available to

the host device 130 during the hibernate mode.

After the volatile memory 112 enters the hibernation mode, the controller 110 may be
configured to cause the volatile memory 112 to exit the hibernation mode. For example,
the controller 110 may cause the volatile memory 112 to exit the hibernation mode by
copying the other data 1114 from the non-volatile memory 104 to the volatile memory
112 to restore the other data 1114 to the volatile memory 112. The other data 1114 may
be copied from the non-volatile memory 104 to the first portion 1110 of the volatile
memory 112. Alternatively, the other data 1114 may be copied from the non-volatile

memory 104 to the second portion 1120 of the volatile memory 112.
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Powering off aportion of the volatile memory 112 while the controller 110 remains
operational reduces overall power consumption of the data storage device 102. For
example, by powering off aportion of the volatile memory 112 rather than maintaining
power to the entire volatile memory 112, power consumption of the data storage device

102 may be reduced, thereby prolonging abattery life of the host device 130.

Copying the other data 1114 that is stored in the volatile memory 112 to the non-volatile
memory 104 prior to powering down aportion of the volatile memory 112 allows the
other data 1114 to be maintained in the non-volatile memory 104, thereby enabling the
data storage device 102 to more quickly revert to a state that the data storage device 102
was in prior to entering the hibernation mode because the other data 1114 copied from
the volatile memory 112 to the non-volatile memory 104 may bereadily available to the
host device 130 upon exiting the hibernation mode and without requiring participation

of the host device 130 in the data storage and the dataretrieval.

Referring to FIG. 12, a second illustrative embodiment of the system of FIG. 11is
depicted and generally designated 1200. The system 1200 includes the non-volatile
memory 104 and the volatile memory 112, and illustrates the first portion 1110 of the
volatile memory 112 and the second portion 1120 of the volatile memory 112 of FIG.
11.

The volatile memory 112 includes aplurality of banks to which power can be
independently turned on or off, such as arepresentative first bank 1210, arepresentative
second bank 1220, arepresentative third bank 1230, and representative fourth bank
1240. Each bank 1210-1240 may be associated with either the first portion 1110 or the
second portion 1120. Each bank 1210-1240 may include data, such asthe flagged data
1112 and the other data 1114. The flagged data 1112 may include one or more pages,
such asrepresentative pages 1202, 1204, and 1206. Similarly, the other data 1114 may
include one or more pages, such asrepresentative pages 1212, 1214, and 1216. The
flagged data pages 1202-1206 may beindicated by the controller 110 ashaving a
priority that ishigher than apriority of the non-flagged data pages 1212-1216. For
example, the controller 110 may cause the pages 1202-1206 to be flagged according to
the one or more indicators 1130 as being higher priority data, asbeing most active data,
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as being most recently used data, or as being provided by an operating system of the
data storage device 102 or of the host device 130.

During operation, the controller 110 may cause the volatile memory 112 to enter the
hibernation mode. The hibernation mode is entered by copying, to the second portion
1120, the data 1112 that isin the first portion 1110 and that isflagged to remain
available at the volatile memory 112 during the hibernation mode, by copying the other
data 1114 in the first portion 1110 to the non-volatile memory 104, and by powering off
the first portion 1110. The flagged data 1112 may be copied into a particular one of the
plurality of banks 1210-1216. Toillustrate, the flagged data 1112 in the first bank 1210
may be copied from the first portion 1110 to the second bank 1220 in the second portion
1120. The flagged data 1112 in the third bank 1230 may be copied from the first
portion 1110 to the second bank 1220 in the second portion 1120. The flagged data
1112 in the fourth bank 1240 may be copied from the first portion 1110 to the second
bank 1220 in the second portion 1120. The flagged data 1112 may include the one or
more pages 1202-1206.

The other data 1114 in the first portion 1110 may be copied to the non-volatile memory
104. Toillustrate, the other data 1114 in the first bank 1210 (i.e., page "X" 1212) may
be copied to the non-volatile memory 104, the other data 1114 in the third bank (i.e.,
page "Y" 1214) 1230 may be copied to the non-volatile memory 104, and the other data
1114 in the fourth bank (i.e., page "Z" 1216) 1240 may be copied to the non-volatile

memory 104.

After the flagged data 1112 is copied to the second bank 1220 and the other data 1114 is
copied to the non-volatile memory 104, the first portion 1110 may be powered off while
maintaining power to the second portion 1120 as described with respect to FIG. 13. In
the hibernation mode, the first portion 1110 (i.e., the first bank 1210, the third bank
1230, and the fourth bank 1240) is powered off and the second portion 1120 (i.e., the

second bank 1220) remains powered and accessible to the host device 130.

Powering off aportion of the volatile memory 112 while the controller 110 remains
operational reduces overall power consumption of the data storage device 102 while
enabling the controller 110 and the host device 130 to access the flagged data 1112 at
the second portion 1120, thereby enabling the host device 130 to conserve battery
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power. In addition, auser experience of the host device 130 may be enhanced upon
exiting the hibernation mode because the data save operation may enable the data
storage device 102 to more quickly revert to a state that the data storage device 102 was
in prior to entering the hibernation mode because the other data 1114 copied from the
volatile memory 112 to the non-volatile memory 104 may bereadily available to the
host device 130 upon exiting the hibernation mode and without requiring participation

of the host device 130 in the data storage and the dataretrieval.

Referring to FIG. 13, adiagram 1300 illustrates receipt, a the data storage device 102,
of an indication of data 1310 that isto remain available during a hibernation mode. The
indication of data 1310 isreceived from the host device 130. For example, the
controller 110 of FIG. 11 may receive the one or more indicators 1130 from the host
device 130 and may cause the data 1112 to be flagged in the first portion 1110 of the
volatile memory 112 according to the one or more indicators 1130. The controller 110
may be configured to cause the volatile memory 112 to enter the hibernation mode by
copying the flagged data 1112 from the first portion 1110 to the second portion 1120
and powering off the first portion 1110, such as described with respect to FIG. 13.

Referring to FIG. 14, adiagram 1400 illustrates an embodiment of the controller 110 of
FIG. 11 configured to power off the volatile memory 112. The controller 110 may be
configured to cause the volatile memory 112 to enter ahibernation mode. For example,
the power control circuit 702 of FIG. 7 for the volatile memory 112 may be configured
to detect receipt of ahibernation control signal 1410. The hibernation control signal
1410 may indicate that the hibernation mode has been entered, that the flagged data
1112 has been copied from the first portion 1110 to the second portion 1120, and that
the other data 1114 has been copied form the first portion 1110 to the non-volatile
memory 104. Upon detection of the hibernation control signal 1410, the power control
circuit 702 for the volatile memory 112 may cause the controller 110 to interrupt power
supplied to the first portion 1110 of the volatile memory 112 while maintaining power
to the second portion 1120 of the volatile memory 112. Asaresult, the controller 110
may power off the first portion 1110 of the volatile memory 1120 while maintaining
power to the second portion 1120 of the volatile memory 112 and while maintaining

power to the controller 110.
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FIG. 15 depicts aflowchart that illustrates an embodiment of amethod 1500 of
performing a data save operation that copies data from avolatile memory to anon-
volatile memory. The method 1500 may be performed in a data storage device having a
controller, anon-volatile memory, and avolatile memory having afirst portion and a
second portion. For example, the method 1500 may be performed in the data storage
device 102 of FIG. 11.

The volatile memory may enter a hibernation mode by copying, to the second portion,
data that isin the first portion and that is flagged to remain available at the volatile
memory during the hibernation mode, at 1502. For example, the controller 110 of FIG.
11 may be configured to copy the flagged data 1112 from the first portion 1110 of the

volatile memory 112 to the second portion 1120 of the volatile memory 112.

Other data in the first portion is copied to the non-volatile memory, a 1504. For
example, the other data 1114 of FIG. 11in the first portion 1110 of the volatile memory
112 may be copied to the non-volatile memory 104.

The first portion may be powered off, at 1506. For example, the power control circuit
702 of FIG. 7 may cause the controller 110 to power off the first portion 1110 of the
volatile memory 112 while maintaining power to the second portion 1120 of the volatile

memory 112 and while maintaining power to the controller 110.

Powering off aportion of the volatile memory 112 while the controller 110 remains
operational reduces overall power consumption of the data storage device 102. Copying
the other data 1114 that is stored in the volatile memory 112 to the non-volatile memory
104 prior to powering down aportion of the volatile memory 112 alows the other data
1114 to bemaintained in the non-volatile memory 104, thereby enabling the data
storage device 102 to quickly revert to a state that the data storage device 102 was in
prior to entering the hibernation mode. The other data 1114 may be copied from the
volatile memory 112 to the non-volatile memory 104 and may bereadily available to
the host device 130 upon exiting the hibernation mode and without requiring

participation of the host device 130 in the data storage and the data retrieval.

Referring to FIG. 16, aparticular illustrative embodiment of a system to perform adata

save operation that copies data from anon-volatile memory to avolatile memory is
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depicted and generally designated 1600. The system 1600 includes the data storage
device 102 coupled to the host device 130. The data storage device 102 includes the

non-volatile memory 104, the controller 110, and the volatile memory 112.

The non-volatile memory 104 includes an access table 1620 and stored data, such as
representative stored data A 1612, representative stored data B 1614, representative
stored data C 1616, and representative stored data D 1618. The stored data 1612-1618
may correspond to data that was copied to the non-volatile memory 104 from the
volatile memory 112 prior to the volatile memory 112 entering a low-power state. Each
of the stored data 1612-1618 may correspond to apage, ablock, or aword line of the

non-volatile memory 104.

The controller 110 is configured to access one or more load priority indicators 1610 that
are indicative of a data priority and to load a first portion 1622 of the stored data 1612-
1618 from the non-volatile memory 104 to the volatile memory 112 according to the
one or more load priority indicators 1610. For example, the one or more load priority
indicators 1610 may include a higher priority indicator 1632 that indicates particular
data having a higher priority than other data. The one or more load priority indicators
1610 may include a"most active" indicator 1634 that indicates particular datathat is
most active (i.e.,, most frequently used) within the data storage device 102 and having a
higher priority than other data. The one or more load priority indicators 1610 may
include a"most recently used" indicator 1636 that indicates particular data that has been
most recently read from the data storage device 102 and having ahigher priority than
other data. The one or more load priority indicators 1610 may include an "identified by
operating system" indicator 1638 that indicates particular data identified by an operating
system of the data storage device 102 or of the host device 130 as having a higher
priority than other data. The one or more load priority indicators 1610 may be based on
historical data such as historical datathat corresponds to host application data requests.
The one or more priority indicators 1610 may bemaintained and/or updated by the

controller 110.

The controller 110 may be configured to receive the one or more load priority indicators
1610 from the host device 130. Alternatively, or in addition, the one or more load
priority indicators 1610 may bebased at least in part on user input 1660 received from
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the host device 130. The controller 110 may be configured to access the access table
1620 that is stored in the non-volatile memory 104 and to use the access table 1620 to
determine an order of dataretrieval. For example, the access table 1620 may indicate a
loading order of data to be copied from the non-volatile memory 104 to the volatile
memory 112 upon the data storage device 102 exiting alow-power state, such as a
hibernation state as described above with respect to FIGS. 4-6. The loading order may
be based on the load priority indicators 1610 that are accessible to the controller 110.
For example, the controller 110 may be configured to read the one or more load priority

indicators 1610 from the access table 1620 stored in the non-volatile memory 104.

The load priority indicators 1610 may also include arepresentative load priority
indicator (B) 1640 that indicates the data B 1614. For example, the load priority
indicator (B) 1640 may be associated with the higher priority load priority indicator
1632, the most active load priority indicator 1634, the most recently used load priority
indicator 1636, or the identified by operating system load priority indicator 1638. The
load priority indicator (B) 1640 may indicate that the data B 1614 of the stored data
1612-1618 has a higher priority than other data of the stored data 1612-1618. For
example, the load priority indicator (B) 1640 may indicate that data associated with the
data B 1614 in the non-volatile memory 104 has a higher priority than the data A 1612,
the data C 1616, and the data D 1618.

The controller 110 is configured to cause the volatile memory 112 to exit a low-power
state, such asin response to asignal from the host device 130. The controller 110 may
be configured to load the first portion 1622 of the stored data 1612-1618 from the non-
volatile memory 104 to the volatile memory 112 according to the one or more load
priority indicators 1610. The first portion 1622 of the stored data 1612-1618 may be
loaded in the volatile memory 112 according to the load priority indicators 1610. As
illustrated, only the data B 1614 of the stored data 1612-1618 has a corresponding load
priority indicator 1610 (i.e., the load priority indicator (B) 1640), so the first portion
1622 includes the data B 1614. The data A 1612, the data C 1616, and the data D 1618
are copied in a second portion 1624 after the first portion 1622 has been loaded to the

volatile memory 112.



10

15

20

25

30

WO 2013/095844 PCT/US2012/065881

-6 -

During operation, the controller 110 may cause the volatile memory 112 to exit a low-
power state, such asin response to asignal from the host device 130. The controller

110 may load the first portion 1622 of the stored data 1612-1618 from the non-volatile
memory 104 to the volatile memory 112 according to the one or more load priority
indicators 1610 accessible to the controller 110. In response to completion of the
loading of the first portion 1622 to the volatile memory 112 and prior to completion of
loading the second portion 1624 of the stored data 1612-1618 to the volatile memory
112, the controller 110 may send asignal 1630 to indicate to the host device 130 that the
volatile memory 112 isready for use by the host device 130. For example, the
controller 110 may send the signal 1630 to indicate to the host device 130 that the first
portion 1622 of the stored data (i.e., the data B 1614) that has been loaded from the non-
volatile memory 104 to the volatile memory 112 isready for use by the host device 130.
After receipt of the signal 1630, the host device 130 may send aread request 1650 to
access the volatile memory 112. The controller 110 may be configured to process the
read request 1650 and to provide the data B 1614 to the host device 130 while loading
of the second portion 1622 of the stored data 1612-1618 to the volatile memory 112 is
ongoing. The data storage device 102 may bein alow-power state (e.g., ahibernation
state) prior to loading the first portion 1624 to the volatile memory 112 and may enter
an active state after sending the signal 1630.

Loading data according to apriority scheme where higher priority data that is stored in
the non-volatile memory 104 isloaded to the volatile memory 112 prior to loading other
data stored in the non-volatile memory allows the host device 130 to access the higher
priority data more quickly. For example, the higher priority data may include operating
system codes that are used by the host device 130 to run aparticular operating system
platform. Asanother example, the higher priority data may be associated with the user
input 1660 received from the host device 130. For example, the data storage device 102
may exit the hibernation state in response to asignal received from the host device 130.
Toillustrate, auser of the host device 130 may elect to make aphone call and may push
abutton of the host device 130 or may tap atouch screen of the host device 130 to
initiate arequest to make the phone call. Alternatively, the user may elect to exit the
hibernation state to use other host device functions, such as an audio player function, a
camera function, acalculator function, an alarm clock function, etc. The host device

130 may indicate to the data storage device 102 particular data to load based on the user
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input 1660, resulting in the load priority indicators 1610 indicating datato enable the

user selected function.

Asaresult, loading higher priority datato the volatile memory 112 prior to loading
lower priority data may enable use of the host device 130 for auser selected operation
more quickly than if the stored data was not loaded according to apriority scheme. In
addition, loading higher priority datato the volatile memory 112 prior to loading lower
priority datamay enable the data storage device 102 to exit alow-power state more

quickly than if the stored data was not loaded according to apriority scheme.

FIG. 17 depicts aflowchart that illustrates aparticular illustrative embodiment of a
method 1700 of performing adata save operation that copies data from anon-volatile
memory to avolatile memory. The method 1700 may be performed in a data storage
device having acontroller, anon-volatile memory, and avolatile memory. For

example, the method 1700 may be performed in the data storage device 102 of FIG. 16.

Data may be copied from the volatile memory to the non-volatile memory prior to the
volatile memory entering alow-power state, & 1702. For example, the controller 110 of
FIG. 16 may be configured to copy the stored data 1612-1618 from the volatile memory
112 to the non-volatile memory 104 prior to the volatile memory 112 entering the low-

power state.

While exiting the low-power state, afirst portion of stored data may be loaded from the
non-volatile memory to the volatile memory according to one or more load priority
indicators accessible to the controller, a 1704. For example, auser of the host device
130 may elect to make aphone call and may push abutton of the host device 130 or
may tap atouch screen of the host device 130 to initiate arequest to make the phone call
and cause the data storage device 102 to exit the low-power state. For example, the
controller 110 may be configured to access the one or more load priority indicators 1610
and to load the first portion 1622 of the stored data 1612-1618 from the non-volatile
memory 104 to the volatile memory 112 according to the one or more load priority
indicators 1610. For example, the controller 110 may be configured to read the one or
more load priority indicators 1610 from the access table 1620 stored in the non-volatile
memory 104. Alternatively, the controller 110 may be configured to receive the one or

more load priority indicators 1610 from the host device 130. Alternatively, or in
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addition, the one or more load priority indicators 1610 may be based at least in part on
the user input 1660 received from the host device 130.

In response to completion of the loading of the first portion of the stored data to the
volatile memory and prior to completion of loading a second portion of the stored data
to the volatile memory, a signal may be sent to indicate to the host device that the
volatile memory isready for use by the host device, a 1706. For example, the
controller 110 may send the signal 1630 to indicate to the host device 130 that the
loading of the first portion 1622 of the stored data 1612-1618 is complete and is ready
for use by the host device 130 prior to completion of loading the second portion 1624 of
the stored data 1612-1618.

In response to receiving arequest from the host device for particular stored datain the
second portion, the loading of the second portion may be paused, the requested
particular stored data may be loaded from the non-volatile memory to the volatile
memory, and the loading of the second portion may beresumed, a& 1708. For example,
while loading of the second portion 1624 is ongoing, the host device 130 may send a
reguest to the data storage device 102 for particular stored data in the second portion
1624 that has yet to be loaded from the non-volatile memory 104 to the volatile memory
112. Toillustrate, while the stored data A 1612 isbeing loaded from the non-volatile
memory 104 to the volatile memory 112, the host device 130 may send arequest for the
stored data C 1616 which has yet to be loaded to the volatile memory 112. In response
to receiving the request for the stored data C 1616 while loading the stored data A 1612,
the controller may pause the loading of the stored data A 1612 and may cause the stored
data C 1616 to beretrieved and loaded "out of order” from the non-volatile memory 104
to the volatile memory 112. After the stored data C 1616 isretrieved and loaded from
the non-volatile memory 104 to the volatile memory 112, the controller 110 may cause
the loading of the stored data A 1612 to resume.

Allowing datain the second portion 1624 to be loaded out of order upon request of the
host device 130 allows the host device 130 to access requested data more quickly as
compared to loading the requested data in the second portion 1624 in order (e.g.,
according to apreviously determined order). For example, the higher priority data may

include operating system codes that are used by the host device 130 to run a particular



10

15

20

25

30

WO 2013/095844 PCT/US2012/065881

-29.

operating system platform. A's another example, the higher priority data may be
associated with the user input 1660 received from the host device 130. For example, a
user of the host device 130 may elect to make aphone call. Asaresult, use of a
particular function (e.g., atelephone function, an audio player function, etc.) of the host
device 130 may be available more quickly as compared to waiting for sequential load

ordering of the data.

FIG. 18 depicts aflowchart that illustrates another embodiment of amethod 1800 of
performing a data save operation that copies data from anon-volatile memory to a
volatile memory. The method 1800 may be performed in a data storage device having a
controller, anon-volatile memory, and avolatile memory. For example, the method
1800 may be performed in the data storage device 102 of FIG. 16.

Data may be copied from the volatile memory 112 to the non-volatile memory 104 prior
to the volatile memory 112 entering a low-power state. For example, the controller 110
of FIG. 16 may be configured to copy the stored data 1612-1618 from the volatile
memory 112 to the non-volatile memory 104 prior to the volatile memory 112 entering
the low-power state. At alater time, upon exiting the low-power state (e.g., auser of
the host device 130 may elect to make aphone call and cause the data storage device
102 to exit the low-power state), indicated data may berestored, a 1802. The indicated
data may correspond to load priority indicators, such asthe load priority indicators 1610
of FIG. 16. For example, data copied from the volatile memory 112 to the non-volatile
memory 104 prior to the volatile memory 112 entering alow-power state may be
restored to the volatile memory 112 according to apriority scheme in response to the
volatile memory 112 exiting the low-power state. To illustrate, the first portion 1622
(i.e., higher priority data) may beloaded from the non-volatile memory 104 to the

volatile memory 112.

Loading of non-indicated data may beinitiated, a 1804. For example, in response to
completion of the loading of the first portion 1622 from the non-volatile memory 104 to
the volatile memory 112, loading of the second portion 1624 (i.e., data with alower

priority than the higher priority data in the first portion) may be initiated.

A request for stored data not yet loaded may bereceived, a 1806. For example, while
loading of the second portion 1624 isongoing, the host device 130 may send arequest
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to the data storage device 102 for particular stored data (in the second portion 1624) that
has yet to be loaded from the non-volatile memory 104 to the volatile memory 112. To
illustrate, while the stored data A 1612 isbeing loaded from the non-volatile memory
104 to the volatile memory 112, the host device 130 may send arequest for the stored
data D 1618 which has yet to be loaded to the volatile memory 112.

Loading the stored data may be paused, at 1808. For example, in response to receiving
the request for the stored data D 1618 while loading the stored data A 1612, the
controller may pause the loading of the stored data A 1612.

The requested stored data may be loaded, a 1810. For example, the controller 110 may
cause the stored data D 1618 to beretrieved and loaded "out of order” from the non-

volatile memory 104 to the volatile memory 112.

Loading the stored data may beresumed, at 1812. For example, after the controller 110
causes the stored data D 1618 to beretrieved and loaded out of order from the non-
volatile memory 104 to the volatile memory 112, the controller 110 may cause the
loading of the stored data A 1612 to resume. The stored data D 1618 may be removed
from the loading scheme to avoid the stored data D 1618 being loaded twice.

Allowing data in the second portion 1624 to be loaded out of order upon request of the
host device 130 allows the host device 130 to access requested data more quickly as
compared to loading the requested data in the second portion 1624 according to a
sequential load scheme (e.g., loading by numerical address order), thereby enabling use

of aparticular function of the host device 130 more quickly.

FIG. 19 depicts aflowchart that illustrates another embodiment of amethod 1900 of
performing a data save operation that copies data from anon-volatile memory to a
volatile memory. The method 1900 may be performed in a data storage device having a
controller, anon-volatile memory, and avolatile memory. The non-volatile memory
may be a flash memory and the volatile memory may be arandom access memory
(RAM). For example, the method 1900 may be performed in the data storage device
102 of FIG. 16.

Data may be copied from the volatile memory (i.e., RAM) 112 to the non-volatile

memory 104 prior to the volatile memory 112 entering alow-power state. For example,
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the controller 110 of FIG. 16 may be configured to copy the stored data 1612-1618 from
the volatile memory 112 to the non-volatile memory 104 prior to the volatile memory
112 entering the low-power state. Each of the stored data 1612-1618 may correspond to
apage, ablock, or aword line of the non-volatile memory 104. Upon or in connection
with exiting the low-power state (e.g., auser of the host device 130 may elect to make a
phone call and cause the data storage device 102 to exit the low-power state), indicated
pages of aRAM image may beloaded, a& 1902. The indicated pages may correspond to
load priority indicators, such asthe load priority indicators 1610 of FIG. 16. For
example, data copied from the volatile memory 112 to the non-volatile memory 104
prior to the volatile memory 112 entering alow-power state may berestored to the
volatile memory 112 according to apriority scheme in response to the volatile memory
112 exiting the low-power state. To illustrate, the first portion 1622 (i.e., higher priority
data) may beloaded from the non-volatile memory 104 to the volatile memory 112.
After the first portion 1622 isloaded, the second portion 1624 may begin loading.

After the indicated pages of the RAM image have been loaded, the remaining pages of
the RAM image may be loaded according to a sequential load order (e.g., the stored data
A 1612, the stored data C 1616, the stored data D 1618). However, if the host device
130 requests a specific page of the RAM image, that page of the RAM image may be
loaded out of order to allow the host device 130 to perform aparticular function more
quickly. Therefore, a determination may be made whether any specific page of the
RAM image has been requested, a 1904. If a specific page of the RAM image has not
been requested, then anext sequential RAM page may be loaded, at 1906. For example,
if a specific page of the RAM image has not been requested, then afirst sequential page
(i.e., stored data A 1612) of the second portion 1624 may be loaded.

Otherwise, if a specific page of the RAM image has been requested, then the requested
RAM page may beloaded "out of order”, at 1908. For example, while loading of the
second portion 1624 isongoing, the host device 130 may send arequest to the data
storage device 102 for particular stored data in the second portion 1624 that has yet to
be loaded from the non-volatile memory 104 to the volatile memory 112. Toillustrate,
while the stored data A 1612 isbeing loaded from the non-volatile memory 104 to the
volatile memory 112, the host device 130 may send arequest for the stored data D 1618

which has yet to be loaded to the volatile memory 112. In response to receiving the
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request for the stored data D 1618 while loading the stored data A 1612, the controller
110 may complete the loading of the stored data A 1612 and may cause the stored data
D 1616 to beretrieved and loaded "out of order” from the non-volatile memory 104 to

the volatile memory 112.

After each RAM page has been loaded, a determination may be made whether the entire
RAM image has been loaded, at 1910. For example, the controller 110 may be
configured to determine whether the stored data 1612-1618 has completed loading from
the non-volatile memory 104 to the volatile memory 112. If the stored data 1612-1618
has not completed loading, the method returns to 1904. If the stored data 1612-1618
has completed |oading, the method ends.

Allowing RAM image data (e.g., aRAM page) in the second portion 1624 to be loaded
out of order upon request of the host device 130 allows the host device 130 to access
requested RAM image data more quickly as compared to loading the requested datain
the second portion 1624 according to a sequential load scheme (e.g., loading by
numerical address order), thereby enabling use of aparticular function of the host
device 130 more quickly. For example, the higher priority data may be associated with
the user input 1660 received from the host device 130. For example, auser of the host
device 130 may elect to make aphone call. Asaresult, use of aparticular function
(e.g., atelephone function, an audio player function, etc.) of the host device 130 may be
available more quickly as compared to waiting for sequential load ordering of the RAM

image data.

Referring to FIG. 20, aparticular illustrative embodiment of a system to exit a
hibernation mode in response to detecting atriggering event is depicted and generally
designated 2000. The system 2000 includes an electronic device 2030 coupled to a
multi-chip package 2002. The multi-chip package 2002 includes a non-volatile memory
2004, a controller 2010, and avolatile system memory 2012. The non-volatile memory
2004 may be anon-volatile memory of aflash device, such asaNAND flash device, a
NOR flash device, or any other type of flash device. The volatile system memory 2012
may be arandom access memory (RAM) to store data and instructions for the
application processor 230. The multi-chip package 2002 may correspond to the data
storage device 102 of FIG. 1.
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Although the system 2000 is described as including the volatile memory 112 and the
non-volatile memory 104 in the multi-chip package 2002, in other embodiments, the
volatile memory 112 and the non-volatile memory 104 may not bein amulti-chip
package. For example, the volatile memory 112 and the non-volatile memory 104 may
both be embedded in the electronic device 2030. As another example, one or more of
the volatile memory 112 and the non-volatile memory 104 may be removably coupled
to the electronic device 2030 but in separate packages.

The electronic device 2030 may include amobile telephone, amusic or video player, a
gaming console, an electronic book reader, apersona digital assistant (PDA), a
computer, such as alaptop computer, anotebook computer, or atablet, any other
electronic device, or any combination thereof. The electronic device 2030 may
correspond to the host device 130 of FIG. 1. The electronic device 2030 includes the
application processor 230 of FIG. 2, atrigger event detector 2050, and apower
management device 2040. The application processor 230 includes a system clock 2062,
an alarm 2064, and atrigger time device 2066.

The power management device 2040 may be configured to control power supplied to
one or more components of the system 2000. For example, the power management
device 2040 may cause the volatile system memory 2012 to be powered off to enter the
low-power state and to cause the volatile system memory 2012 to be powered on while
exiting the low-power state. The power management device 2040 isresponsive to the
trigger event detector 2050. For example, the power management device 2040 may
cause power to be supplied to the volatile system memory 2012 in response to receiving
an indication from the trigger event detector 2050 that atriggering event has been
detected.

Thetrigger event detector 2050 is configured to detect the triggering event. For
example, the triggering event may be an event that indicates that the electronic device
2030 isto exit alow-power state, such as a hibernation mode, where the volatile system
memory 2012 is powered off. For example, the electronic device 2030 may have
entered into the hibernation mode during a period of inactivity, and the triggering event
may indicate an end of the period of inactivity. For example, the triggering event may

be an event that indicates motion of the electronic device 2030, human touch of the
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electronic device 2030, a change in an audio environment of the electronic device 2030,
achange in atemperature environment of the electronic device 2030, any other event
that anticipates the end of the period of inactivity of the electronic device 2030, or any
combination thereof.

To detect atriggering event, the trigger event detector 2050 may receive asignal from a
sensor of the electronic device 2030 (or coupled to the electronic device 2030, such as
an attached microphone or webcam) and detect that the signal satisfies atrigger
condition. The signal may include digital data generated by the sensor or analog
information received from by the sensor. The sensor may be alow-power consuming

device to reduce power consumption in the hibernation mode.

Thetrigger event detector 2050 may receive a signal from a camera 2042 of the
electronic device 2030. The signa from the camera 2042 may correspond to image data
captured by the camera 2042 while the electronic device 2030 is in the hibernation
mode. Thetrigger condition may correspond to detection of device movement by
detecting a difference between the signal from the camera 2042 and reference image
data 2054. The reference image data 2054 may correspond to image data of the camera
2042 captured while the electronic device 2030 isin a static (e.g., nhon-moving) position.
For example, the camera 2042 may capture a still image while the electronic deviceisin
the hibernation mode. Motion of the electronic device 2030 may be detected by
comparing the signal from the camera 2042 to the reference image data 2054 and, based
on the comparison, the trigger event detector 2050 may indicate that the electronic

device 2030 isto exit the hibernation mode.

For example, the electronic device (e.g., amobile telephone, amusic player, etc.) may
have entered the hibernation mode during a period of inactivity, such aswhen auser
places the electronic device on anightstand prior to retiring for the evening or when the
user places the electronic device 2030 in apurse or in apocket. When the user electsto
use aparticular function of the electronic device 2030 (e.g., to make aphone call) the
user may pick up the electronic device 2030. The trigger event detector 2050 may
detect the motion of the electronic device 2030 by comparing the signa from the
camera 2042 to the reference image data 2052 and, based on the comparison, the trigger
event detector 2050 may cause the electronic device 2030 to begin to exit the
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hibernation mode prior to, and in anticipation of, the user pushing abutton of the
electronic device 130 or tapping atouch screen of the electronic device 130 to initiate
the particular function of the electronic device 2030. Asaresult, the user may use the
electronic device 2030 for the particular function more quickly than if the user had to
wait for the button to be pushed or the touch screen to be tapped before the electronic
device 2030 begins exiting the hibernation mode. A latency of the electronic device
2030 to enter an active state in response to auser input (e.g., pushing abutton or tapping
atouch screen on the electronic device to make aphone call) may therefore be reduced
as compared to a device waiting for the button to be pushed or the touch screen to be
tapped before beginning to exit the hibernation mode. In addition, alatency of the
electronic device 2030 to enter an active state in response to auser input may be
reduced as compared to powering the volatile system memory and restoring the pre-
hibernation state after the user input isreceived.

Thetrigger event detector 2050 may be configured to receive asignal from an
accelerometer 2044 of the electronic device 2030. The signal from the accelerometer
2044 may correspond to acceleration data sensed by the accelerometer 2044 while the
electronic device 2030 is in the hibernation mode. The trigger condition may
correspond to a difference between the signal from the accelerometer 2044 and
reference acceleration data 2058. The reference acceleration data 2058 may correspond
to acceleration data of the accelerometer 2044 while the electronic device 2030 isin a
static (e.g., non-moving) position, such as an acceleration dueto gravity. Motion of the
electronic device 2030 may be detected by comparing the signal from the accel erometer
2044 to the reference acceleration data 2058 and, based on the comparison, the trigger
event detector 2050 may indicate that the electronic device 2030 isto exit the

hibernation mode.

Thetrigger event detector 2050 may be configured to receive asignal from a capacitor
2046 of the electronic device 2030. The signal from the capacitor 2046 may correspond
to capacitance data sensed by the capacitor 2046 indicating whether the electronic
device 2030 is being touched by auser. Thetrigger condition may correspond to a
difference between the signal from the capacitor 2046 and reference capacitance data
2056. The reference capacitance data 2056 may correspond to capacitance data of the
capacitor 2046 while the electronic device 2030 is not being touched by or in the grasp
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of auser. Human touch of the electronic device 2030 may be detected by comparing the
signal from the capacitor 2046 to the reference capacitance data 2056 and based on the
comparison, the trigger event detector 2050 may indicate that the electronic device 2030

isto exit the hibernation mode.

For example, the electronic device 2030 may have entered the hibernation mode during
aperiod of inactivity (e.g., placed on anight stand, placed in apurse or pocket, etc).
When auser elects to use the electronic device 2030 for aparticular function (e.g., to
make aphone call) the user may pick up the electronic device 2030. Thetrigger event
detector 2050 may detect the touch of the electronic device 2030 by the user by
comparing the signal from the capacitor 2046 to the reference capacitance data 2056,
and based on the comparison, the trigger event detector 2050 may cause the electronic
device 2030 to begin exiting the hibernation mode prior to the user pushing abutton of
the electronic device 2030 or tapping atouch screen of the electronic device 2030 to

initiate arequest to make the phone call.

The trigger event detector 2050 may be configured to receive asignal from a
microphone 2048 of the electronic device 2030. The signa from the microphone 2048
may correspond to audio data sensed by the microphone 2048 while the electronic
device 2030 isin the hibernation mode. The trigger condition may correspond to a
difference between the signal from the microphone 2048 and reference audio data 2052.
The reference audio data 2052 may correspond to ambient noise while the electronic
device 2030 is entering the hibernation mode. An audio level above athreshold level
may be detected by comparing the signal from the microphone 2048 to the reference
audio data 2052, and based on the comparison, the trigger event detector 2050 may
indicate that the electronic device 2030 isto exit the hibernation mode.

For example, the electronic device (e.g., amobile telephone, amusic player, etc.) may
have entered the hibernation mode during aperiod of inactivity (e.g., placed on anight
stand, placed in apurse or apocket, etc). Prior to auser electing to use the electronic
device 2030 for aparticular function (e.g., to make a phone call), an audio environment
may change (e.g., the user may speak, an audible alarm may go off, etc.) prior to the
user picking up the electronic device 2030. The trigger event detector 2050 may detect

the audio level proximate to the electronic device 2030 by receiving asignal from the
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microphone 2048. By comparing the signal from the microphone 2048 to the reference
audio data 2052, the trigger event detector 2050 may cause the electronic device 2030 to
begin exiting the hibernation mode prior to the user interacting with the electronic
device 2030 (e.g., pushing abutton of the electronic device 130 or tapping atouch
screen of the electronic device 130) to initiate arequest to make the phone call. Asa
result, the user may use the electronic device 2030 for the particular function more
quickly than if the user had to wait for the button to be pushed or the touch screen to be

tapped before the electronic device 2030 begins exiting the hibernation mode.

The trigger event detector 2050 may be configured to receive asignal from a
temperature sensor, such as athermometer 2049 of the electronic device 2030. The
signal from the thermometer 2049 may correspond to temperature data sensed by the
thermometer 2049 while the electronic device 2030 isin the hibernation mode. The
trigger condition may correspond to a difference between the signal from the
thermometer 2049 and reference temperature data 2061 . The reference temperature data
2061 may correspond to an ambient temperature or device enclosure temperature while
the electronic device 2030 is entering the hibernation mode. A temperature level above
athreshold level may be detected by comparing the signal from the thermometer 2049
to the reference temperature data 2061, and based on the comparison, the trigger event
detector 2050 may indicate that the electronic device 2030 isto exit the hibernation

mode.

For example, the electronic device 2030 may have entered the hibernation mode during
aperiod of inactivity (e.g., placed in apurse or pocket, etc). When auser electsto use
the electronic device 2030 for aparticular function (e.g., to make aphone call), the user
may remove the electronic device 2030 from the purse or the pocket. The trigger event
detector 2050 may detect a change in temperature by comparing the signa from the
thermometer 2049 to the reference temperature data 2061 and, based on the comparison,
the trigger event detector 2050 may cause the electronic device 2030 to begin exiting
the hibernation mode prior to the user pushing abutton of the electronic device 2030 or
tapping atouch screen of the electronic device 2030 to initiate arequest to make the
phone call.
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The triggering event may be an event that anticipates the end of the period of inactivity
of the electronic device 2030 without use of any of the sensors 2042-2049. For
example, it may be beneficial to exit a hibernation mode prior to an aarm of the
electronic device 2030 going off. For example, to detect the triggering event, the trigger
event detector 2050 may receive an indication corresponding to a difference between an
alarm time and a system clock time and may detect that the difference between the
alarm time and the system clock time satisfies apre-alarm wakeup trigger condition.
For example, the system clock 2062 may be arunning timer. A value of the alarm 2064
(e.g., an darm time) may be compared to avalue of the system clock 2062 (e.g., a
system clock time). Based on the comparison between the system clock time and the
alarm time, the triggering event may be detected. For example, if the outcome of the
comparison less than or equals apre-alarm amount of time stored in the trigger time
device 2066, the triggering event may be detected. Thetrigger time device 2066 may
include one or more registers or other data storage devices storing avalue indicating a

pre-alarm amount of time

To illustrate, auser of the electronic device 2030 may set the alarm 2064 to aparticular
time and the pre-alarm amount of time may be pre-set (e.g., five seconds). The alarm
time may be compared to the system clock time of the system clock 2062. If the
comparison between the alarm time and the system clock time is less than or equals the
pre-alarm amount of time (e.g., the alarm time iswithin five seconds of the system

clock time), the triggering event is detected and the electronic device 2030 begins to exit
the hibernation mode prior to the alarm 2064 being initiated.

Thetrigger event detector 2050 may detect atriggering event that may anticipate the
end of the period of inactivity of the electronic device 2030 by receiving an indication
corresponding to a difference between a predicted use time of the electronic device 2030
and a system clock time, where the predicted use time isbased on historical data. The
triggering event detector 2050 may detect that the difference between the predicted use
time and the system clock time satisfies a pre-use wakeup trigger condition. For
example, historical data 2059 may correspond to historical usage (e.g., apattern of
usage) of particular functions of the electronic device 2030. For example, the historical
data 2059 may correspond to auser of the electronic device 2030 setting the alarm 2064
to the same time every weekday. Asanother example, the historical data 2059 may
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correspond to auser of the electronic device 2030 making aphone call a approximately
9:00 A.M. every day. A value of the historical data 2059 (e.g., aphone call ismade at
approximately 9:00 AM every day) may be compared to avalue of the system clock
2062 (e.g., asystem clock time).

Based on the comparison between the system clock time and the value of the historical
data 2059, the triggering event may be detected. For example, if the value of the
comparison is less than or equals apre-alarm amount of time stored in the trigger time
device 2066, the triggering event may be detected. To illustrate, the historical data 2059
may indicate that auser of the electronic device 2030 makes aphone call at
approximately 9:00 AM every day and the pre-alarm amount of time may be five
seconds. The historical data 2059 may be compared to the system clock time of the
system clock 2062. |If the comparison between the historical data 2059 (e.g., aphone
call a approximately 9:00 AM every day) and the system clock time is less than or
equals the pre-alarm amount of time stored in the trigger time device 2066 (e.g., the
system clock time iswithin five seconds of the 9:00 AM value of the historical data
2059), the triggering event is detected and the electronic device 2030 begins to exit the
hibernation mode. Beginning to exit the hibernation mode prior to an anticipated use
based on the historical data 2059 may allow use of the electronic device 2030 by auser
for aparticular function (e.g., to make aphone call) more quickly than if the electronic
device 2030 waited for the user to push abutton or to touch atouch screen on the

electronic device 2030 before beginning to exit the hibernation mode.

During operation, the electronic device 2030 may enter into the hibernation mode
during aperiod of inactivity. After entering into the hibernation mode, atriggering
event (e.g., an event that indicates motion of the electronic device 2030, an event that
indicates a human touch of the electronic device 2030, an event that indicates a change
in an audio environment of the electronic device 2030, an event that indicates a change
in atemperature environment of the electronic device 2030, or an event that anticipates
the end of the period of inactivity of the electronic device 2030) may be detected. For
example, the trigger event detector 2050 may receive a signal from a sensor (e.g., the
camera 2042, the accelerometer 2044, the capacitor 2046, the microphone 2048, or the
thermometer 2049) of the electronic device 2030 and may detect that the signal satisfies
atrigger condition. Alternatively, the trigger event detector 2050 may receive an
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indication corresponding to a difference between an alarm time (e.g., avaue of the
alarm 2064) and a system clock time (e.g., avalue of the system clock 2062), and detect
that the difference between the alarm time and the system clock time satisfies apre-
alarm wakeup trigger condition. Alternatively, the trigger event detector 2050 may
receive an indication corresponding to a difference between apredicted use time (e.g., a
phone call made by auser of the electronic device 2030 at approximately 9:00 AM
every day) of the electronic device 2030 and a system clock time (e.g., avalue of the
system clock 2062).

In response to detecting the triggering event, the hibernation mode may be exited.
While exiting the hibernation mode, the volatile system memory 2012 may be powered
and apre-hibernation state of the volatile system memory 2012 may berestored. For
example, in response to detecting the triggering event, the trigger event detector 2050
may send asignal to the power management device 2040 to cause the volatile system
memory 2012 to be powered and apre-hibernation state of the volatile system memory
2012 to berestored. Restoring the pre-hibernation state of the volatile system memory
2012 may include copying data from the non-volatile memory 2004 to the volatile
system memory 2012 to restore datato the volatile system memory 2012.

Beginning to exit the hibernation mode prior to an end of the period of inactivity may
allow use of the electronic device 2030 by auser for aparticular function (e.g., to make
aphone call) more quickly than if the electronic device 2030 waits for abutton to be
pushed or atouch screen to be tapped on the electronic device 2030 before beginning to
exit the hibernation mode to initiate the phone cal. Asaresult, alatency of the
electronic device 2030 to enter an active state in response to auser input (e.g., pushing a
button or tapping atouch screen on the electronic device 2030 to make aphone call)
may be reduced as compared to an electronic device that waits for the button to be
pushed or the touch screen to be tapped before beginning to exit the hibernation mode.

In addition, overall power consumption of the electronic device 2030 may be reduced
by powering off the volatile system memory 2012 while in the hibernation mode even
though triggering mechanisms (e.g., the sensors 2042-2049, the clock 2062, the alarm
2064, the trigger time device 2066, and the trigger event detector 2050) may remain
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powered during the hibernation mode. For example, one or more of the triggering
mechanisms, such asthe accelerometer 2044, may be alow-power consuming device.

FIG. 21 depicts a flowchart that illustrates an embodiment of amethod 2100 of exiting a
hibernation mode in response to detecting atriggering event. The volatile system
memory may bewithin amulti-chip package that includes anon-volatile memory and a
controller, such as the multi-chip package 2002 of FIG. 20. The method 2100 may be
performed by an electronic device including an application processor coupled to the
volatile system memory to store data and instructions for the application processor. For

example, the method 2100 may be performed by the electronic device 2030 of FIG. 20.

The electronic device may enter a hibernation mode, a 2102. For example, the
electronic device 2030 may enter into the hibernation mode during aperiod of
inactivity. When in the hibernation mode, the volatile system memory 2012 is powered
off. For example, the application processor 230 may indicate that the electronic device
2030 isto enter the hibernation mode. Entering the hibernation mode may include
copying data from the volatile system memory 2012 to the non-volatile memory 2004
and the volatile system memory 2012 being powered off by the power management
device 2040 of FIG. 20.

A triggering event may be detected, at 2104. For example, the trigger event detector
2050 of FIG. 20 may receive asigna from a sensor of the electronic device 2030 and
detect that the signal satisfies atrigger condition. The triggering event may be an event
that indicates motion of the electronic device 2030, an event that indicates a human
touch of the electronic device 2030, an event that indicates a change in an audio
environment of the electronic device 2030, an event that indicates a change in a
temperature environment of the electronic device 2030, an event that anticipates the end
of the period of inactivity of the electronic device 2030, one or more events that may
indicate an ending of aperiod of inactivity, or any combination thereof.

For example, the trigger event detector 2050 may receive a signal from a sensor of the
electronic device 2030 (e.g., the camera 2042, the accelerometer 2044, the capacitor
2046, the microphone 2048, the thermometer 2049) and the trigger condition may
correspond to a difference between the signal and respective reference data (e.g., the

reference image data 2054, the reference acceleration data 2058, the reference
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capacitance data 2056, the reference audio data 2052, or the reference temperature data
2061).

Alternatively, the trigger event detector 2050 may receive an indication corresponding
to a difference between an alarm time and a system clock time and detect that the
difference between the alarm time and the system clock time satisfies apre-alarm
wakeup trigger condition. For example, avalue of the alarm 2064 (e.g., the alarm time)
may be compared to avalue of the system clock 2062 (e.g., the system clock time). If
the value of the comparison is lessthan or equals the pre-alarm amount of time stored in
the trigger time device 2066, the triggering event may be detected. Alternatively, the
trigger event detector 2050 may receive an indication corresponding to a difference
between apredicted use time of the electronic device 2030 and a system clock time,
where the predicted use time isbased on historical data. The triggering event detector
2050 may detect that the difference between the predicted use time and the system clock
time satisfies apre-use wakeup trigger condition. For example, avalue of the historical
data 2059 (e.g., aphone call ismade at approximately 9:00 AM every day) may be
compared to avalue of the system clock 2062 (e.g., a system clock time). If the value
of the comparison is less than or equals the pre-alarm amount of time stored in the
trigger time device 2066, the triggering event may be detected.

In response to detecting the triggering event, the hibernation mode may be exited, a
2106. While exiting the hibernation mode, the volatile system memory may be powered
and apre-hibernation state of the volatile system memory may berestored. For
example, in response to detecting motion of the electronic device 2030, detecting a
human touch of the electronic device 2030, detecting a change in an audio environment
of the electronic device 2030, or detecting anticipation of an end of aperiod of
inactivity of the electronic device 2030, the volatile system memory 2012 may be
powered and apre-hibernation state of the volatile system memory 2012 may be
restored. Restoring the pre-hibernation state of the volatile system memory 2012 may
include copying data from the non-volatile memory 2004 to the volatile system memory
2012 to restore data to the volatile system memory 2012.

Exiting the hibernation mode prior to an end of aperiod of inactivity may allow use of

the electronic device 2030 by auser for aparticular function (e.g., to make aphone call)
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more quickly than if the electronic device 2030 waited for abutton to be pushed or a
touch screen to be tapped on the electronic device 2030 before beginning to exit the

hibernation mode.

The triggering events described above may be applied as triggers for additional
processes which may enhance auser experience provided by the electronic device 2030.
For example, the triggering events may be applied astriggers to automatically turn on a
display of the electronic device 2030. As another example, the triggering events may be
applied astriggers to provide "dormant” notifications, such as providing anotification
for aprior unnoticed text message. In addition, although the camera 2042, the
accelerometer 2044, the capacitor 2046, the microphone 2048, and the thermometer
2049 are illustrated as examples in FIG. 20, it should be understood that one or more
other sensors may be used to detect atriggering event.

Although various components depicted herein are illustrated as block components and
described in general terms, such components may include one or more microprocessors,
state machines, or other circuits configured to enable atrigger event detector, such as
the trigger event detector 2050 of FIG. 20, to perform the particular functions attributed
to such components, or any combination thereof. For example, the trigger event
detector 2050 of FIG. 20 may represent physical components, such as controllers,
processors, state machines, logic circuits, or other structures to detect atriggering event,
and in response to detecting the triggering event, to cause the electronic device 2030 to
exit the hibernation mode, where while exiting the hibernation mode, the volatile system
memory 2012 is powered and apre-hibernation state of the volatile system memory
2012 isrestored.

Thetrigger event detector 2050 may be implemented using amicroprocessor or
microcontroller programmed to generate control information and to initiate and perform
detection of the triggering event, and in response to detecting the triggering event,
causing the electronic device 2030 to exit the hibernation mode. While exiting the
hibernation mode, the volatile system memory 2012 is powered and apre-hibernation
state of the volatile system memory 2012 isrestored. In aparticular embodiment, the
trigger event detector 2050 includes a processor executing instructions that are stored at

the non-volatile memory 2004. Alternatively, or in addition, executable instructions
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that are executed by the processor may be stored at a separate memory location that is

not part of the non-volatile memory 2004, such as a aread-only memory (ROM).

In aparticular embodiment, the data storage device 102 may be a portable device
configured to be selectively coupled to one or more external devices. For example, the
data storage device 102 may be aremovable device such as auniversal serial bus (USB)
flash drive or removable memory card. However, in other embodiments, the data
storage device 102 may be attached or embedded within one or more host devices, such
aswithin ahousing of aportable communication device. For example, the data storage
device 102 may be within apackaged apparatus, such as awireless telephone, a
personal digital assistant (PDA), agaming device or console, aportable navigation
device, acomputer, or other devicethat uses internal non-volatile memory. Ina
particular embodiment, the data storage device 102 includes anon-volatile memory,
such as a Flash memory (e.g., NAND, NOR, Multi-Level Cell (MLC), Divided bit-line
NOR (DINOR), AND, high capacitive coupling ratio (HiCR), asymmetrical contactless
transistor (ACT), or other Flash memories), an erasable programmable read-only
memory (EPROM), an electrically-erasable programmable read-only memory
(EEPROM), aread-only memory (ROM), a one-time programmable memory (OTP), or

any other type of memory.

The illustrations of the embodiments described herein are intended to provide a general
understanding of the various embodiments. Other embodiments may be utilized and
derived from the disclosure, such that structural and logical substitutions and changes
may be made without departing from the scope of the disclosure. This disclosure is
intended to cover any and all subsequent adaptations or variations of various

embodiments.

The above-disclosed subject matter isto be considered illustrative, and not restrictive,
and the appended claims are intended to cover al such modifications, enhancements,
and other embodiments, which fall within the scope of the present disclosure. Thus, to
the maximum extent allowed by law, the scope of the present invention isto be
determined by the broadest permissible interpretation of the following claims and their
equivalents, and shall not berestricted or limited by the foregoing detailed description.
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WHAT ISCLAIMED IS

1. A method comprising:

in an electronic device with an application processor coupled to avolatile system
memory, performing:

entering a hibernation mode of the electronic device, wherein in the hibernation mode
the volatile system memory is powered off;

detecting atriggering event; and

in response to detecting the triggering event, exiting the hibernation mode, wherein
while exiting the hibernation mode, the volatile system memory ispowered and a pre-

hibernation state of the volatile system memory isrestored.

2. The method of claim 1, wherein by restoring the volatile system memory in response
to the triggering event, alatency of the electronic device to enter an active state in
response to auser input isreduced as compared to powering the volatile system memory
and restoring the pre-hibernation state after the user input isreceived.

3. The method of claim 1, wherein detecting the triggering event includes:
receiving asignal from a sensor of the electronic device; and
detecting that the signal satisfies atrigger condition.

4. The method of claim 3, wherein the sensor is amicrophone and wherein the trigger

condition corresponds to a difference between the signal and reference audio data.

5. The method of claim 3, wherein the sensor is a camera and wherein the trigger

condition corresponds to a difference between the signal and reference image data.

6. The method of claim 3, wherein the sensor is a capacitor and wherein the trigger

condition corresponds to a difference between the signal and reference capacitance data.

7. The method of claim 3, wherein the sensor is an accelerometer and wherein the
trigger condition corresponds to a difference between the signal and reference
acceleration data.
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8. The method of claim 1, wherein detecting the triggering event includes:

receiving an indication corresponding to a difference between an alarm time and a
system clock time; and

detecting that the difference between the alarm time and the system clock time satisfies
apre-alarm wakeup trigger condition.

9. The method of claim 1, wherein detecting the triggering event includes:

receiving an indication corresponding to a difference between apredicted use time of
the electronic device and a system clock time, wherein the predicted use time is based
on historical data; and

detecting that the difference between the predicted use time and the system clock time

satisfies apre-use wakeup trigger condition.

10. The method of claim 1, wherein the electronic device is coupled to a packaged
memory device that includes the volatile system memory, anon-volatile memory, and a

controller.

11. The method of claim 10, wherein entering the hibernation mode includes:
copying data from the volatile system memory to the non-volatile memory; and

after copying the data, powering off the volatile memory.

12. The method of claim 10, wherein restoring the pre-hibernation state of the volatile
system memory includes copying data from the non-volatile memory to the volatile
system memory to restore the datato the volatile system memory.

13. An electronic device comprising:

an application processor;

atriggering event detector configured to detect atriggering event; and

avolatile system memory configured to store data and instructions for the application
processor,

wherein in alow-power state, the volatile system memory is powered off, and wherein
in response to detecting the triggering event by the triggering event detector, power is
restored to the volatile system memory and a pre-hibernation state of the volatile system

memory isrestored.
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14. The electronic device of claim 13, wherein the triggering event detector detects the
triggering event by receiving asignal from a sensor and detecting that the signal
satisfies atrigger condition.

15. The electronic device of claim 14, wherein the sensor is amicrophone and wherein
the trigger condition corresponds to a difference between the signal and reference audio
data.

16. The electronic device of claim 14, wherein the sensor is a camera and wherein the
trigger condition corresponds to a difference between the signal and reference image
data.

17. The electronic device of claim 14, wherein the sensor is a capacitor and wherein the
trigger condition corresponds to a difference between the signal and reference
capacitance data.

18. The éectronic device of claim 14, wherein the sensor is an accelerometer and
wherein the trigger condition corresponds to a difference between the signal and
reference acceleration data.

19. The electronic device of claim 13, wherein the triggering event detector detects the
triggering event by receiving an indication corresponding to a difference between an
alarm time and a system clock time and detecting that the difference between the alarm

time and the system clock time satisfies a pre-alarm wakeup trigger condition.

20. The electronic device of claim 13, wherein the triggering event detector detects the
triggering event by receiving an indication corresponding to a difference between a
predicted use time of the electronic device and a system clock time, wherein the
predicted use time isbased on historical data and detecting that the difference between
the predicted use time and the system clock time satisfies a pre-use wakeup trigger

condition.

21. The electronic device of claim 13, wherein the electronic deviceis coupled to a
packaged memory device that includes the volatile system memory, anon-volatile

memory, and a controller.
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22. The €electronic device of claim 21, wherein the low-power state is entered by
copying data from the volatile system memory to the non-volatile memory and after
copying the data, powering off the volatile memory.

23. The electronic device of claim 21, wherein the pre-hibernation state of the volatile
system memory isrestored by copying data from the non-volatile memory to the
volatile system memory.
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