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(57) Abstract: An example memory module includes a data communication interface, a volatile memory device, a non-volatile
memory device, and a controller coupled to the data communication interface, the volatile memory device, and the non-volatile
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memory device. The controller is to store data to the volatile memory device. The data is received via the data communication inter -
face from a host controller. The controller is also to detect a first state transition of a first signal and a second state transition of a
second signal via the data communication interface. The controller is further to determine whether to transfer the data from the volat -
ile memory device to the non-volatile memory device based on a timing of the second state transition relative to the first state trans -
ition.
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DATA TRANSFERS BASED ON STATE TRANSITION DETECTIONS

BACKGROUND
{0601} A computing device, such as a deskiop computer, may include a
plurality of electronic componenis. For example, an electronic component may
be a power supply. As another example, an electronic component may be a

starage device controller.

BRIEF DESCRIPTION OF THE DRAWINGS

{00021 Some examples of the present application are described with respect
to the following figures:

{0003} FiG. 1is a block diagram of a memory module to transfer data from a
volatile memory device 1o a non-volatile memory device based on state transdion
detections of a clock enable signal and a reset signal, according 1o an example;
{0004} FiG. 2 is a block diagram of an electronic device including a memory
module to transfer data from a volatile memory device 10 a non-volatile memory
device based on state transition detections of a clock enabie signal and a reset
signal, according to an example;

j0005] FIG. 3 is a timing diagram of state transitions of a clock enable signal
and a reset signal, according to an example;

{0006} FiG. 4 is a block diagram of a memory moduie {o transfer data from a
volatile memory device to a non-volatile memory device based on state fransition
detections of a clock enable signal and a reset signal, according to another
example; and

{0667} FIG. §is a flowchart illustrating a method of operation at 8 memory
module to transfer data from a volatile memory device 10 a non-volatile memory
device based on state transition detections of a clock enable signal and a reset
signal, according to an example.
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DETAILED DESCRIPTION

{G008] An sxample storage device confrolier may be a redundant array of
independent disks (RAID) controller. The RAID controller may include on-board
memory modules to store data associated with the RAID, such as RAID
configuration, write requests, etc. In some examples, a RAID controller may
include a memory module, such as a non-volatile dual in-line memory module
{NVDIMM), to store the data as non-volatile data so that the data can be
retrieved for subsequent use. A host controller of the RAID controlier may store
the data to the NVDIMM. in the event of a hot removal of the RAID controller
from a computing device {i.e., the computing device is powered on and in
operation when the RAID controller is removed), the hot removal of the RAID
controlier may trigger the NVDIMM to store data received from the host controller
as non-volatile data. However, the NVDIMM may store the data as non-volatile
data before all the data is transferrediflushed to the NVDIMM from the host
contraller. Thus, a likelthood of data corruption may be increased.

{0009} Examples described herein provide a memory module {0 save data as
non-volatile data based on detections of state transitions of a clock enable signal
and a reset signal. For example, a memory moduie may include a data
communication inferface, a volatile memory device, a non-volatile memory
device, and a controller. The controller may be coupled to the data
communication interface, the volatile memaory device, and the non-volgtile
memory device. The controlier is to store data to the volatile memory device.
The data is received via the data communication interface from a host controller.
The controlier is to detect a first state transition of a first signal and a second
state transition of a second signal via the data communication interface. The
controller is further to determine whether to transfer the data from the volatile
memory device {o the non-volatile memory device based on a timing of the
second state transition relative to the first state transifion. in this manner,

examples described herein may reduce a likelihood of data corruption.
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{0016} Referring now to the figures, FIG. 1 is a block diagram of a memory
module 100 o transfer data from a volatile memory device to a non-volatile
memaory device based on state transition detections of a clock enable signal and
a reset signal, according to an example. Memory module 100 may be, an
NVDIMM or any other memory device that retains data even after power is lost.
Memory module 100 may include a volatile memory device 102, a non-volatile

memory device 104, a conirolier 106, and a data communication interface 108.

{0011} Volatile memory device 102 may be a data storage device or circuit
that loses stored data when power supplied to the data storage device or circuit
is removed/lost. As an example, volatile memory device 182 may be
implemented using dynamic random-access memory. Non-volatile memory
device 104 may be a data storage device or circuit that retains stored data even
when power supplied to the data storage device or circuit is removed/lost. As an
example, non-volatile memory device 104 may be implemented using flash

Mmemory.

j0D12} Contraller 106 may be, for example, a semiconductor-based
microprocessor, a field-programmable gate array (FPGA), an application specific
integrated circuit (ASIC), and/or other hardware devices suitable for retrieval and
axecution of instructions stored in @ computer-readable storage medium. Data
communication interface 108 may be an electrical connector to enable memory
module 100 to communicate with other electronic devices, such as a host

controlier 110.

{0013} Data communication interface 108 may include a plurality of electrical
connectors or pins o sense signals from host controlier 110, detect state
transitions of the signals, receive data from host controlier 110, and transmit data
to host controller 110, For example, data communication interface 108 may
include a first slectrical contact 112, a second slectrical contact 114, and a third
electrical contact 116. As used herein, a state transition is a change in logic

value of a signal.
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{0014} Host controfler 110 may be a device or circuit that connects a host
etectronic device to an electronic device, such as memory module 100, thatis a
part of the host slectronic device. The host electronic device may control the
electronic device via the host controller. As described in more detail in FIG. 2,
memory module 100 and host controller 110 may be located in the same

slectronic device.

j0015] During operation, controlier 106 may sense signals, such as a first
signal asserted by host controfler 110 via data communication interface 108. For
axample, controller 106 may sense a clock enable signal 118 and detect a state
transition of clock enable signal 118 via first electrical contact 112, Controlier
106 may also sense a reset signal 120 and detect a state fransition of reset
signal 120 via second electrical contact 114, Controller 108 may receive data
122 from host controller 110 via third electrical contact 116. As described in
more detail in FIGs. 2-8, controller 106 may store data 122 in volatile memory
device 102 as volatile data. Based on a timing of a state transition of 118 reset
signal relative to a state transition of clock enable signat 118, controfler 106 may
determine whether {0 fransfer data 122 from volatile memaory device 102 to
non-volatile memaory device 104 via copying.

{0016} FiG. 2 is a block diagram of an electronic device 200 including &
memory module to transfer data from a volatile memory device o a non-volatile
memaory device based on state {ransition detections of a clock enable signal and
a reset signal, according to an example. Electronic device 200, for example, may
he a RAID controller or other storage system controller.

{0617} Electronic device 200 may include memory module 100 of FIG. 1, host
controlter 110, a power storage device 202, and a power supply detaction circuit
204, Power storage device 202 may be any device that stores power {e.g.,
electnnity) and provides the stored power to an electronic device. As an
example, power storage device 202 may be implemented using a nickel-metal
hydride battery or a lithium ion battery. Power supply detection circuit 204 may

be a circuit that detects whether power, in the form of alternating current {(AC), is
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being provided to a power supply 210. Power supply 210 may provide power o
electronic device 200 in the form of direct current (DC). Power supply detection
circuit 204 may assert a save signal 206 to memory module 100 via a fourth
electrical contact 208 of data communication interface 108, Power supply
detection circuit 204 may also assert save signal 206 to host controller 110. The
state transition of save signal 206 may indicate the presence of AC provided

power supply 210.

[0018] During operation, electronic device 200 may be plugged into or
connected to a computing device 214 via a data connector of computing device
214, such as a peripheral component interconnect express (PCle) slot.
Computing device 214 may be, for example, a web-based server, a local area
netwark server, a cloud-based server, a deskiop computer, an all-in-one system, or
any other electronic device suitable for receiving an electronic device, such as
electronic device 200, in a data connector.

{06191 Electronic device 200 may experience a power {oss. The power loss
may he triggered by a power down event al computing device 214 {e.q., power
supply 210 malfunctioning, computing device 214 powering off, etc.). Electronic
device 200 may still be physically connected o computing device 214 during a
power down event. The power loss may also be triggered by a hot removal of
electronic device 200 from computing device 214.

{00201 When the power loss is triggered by a power down event, controller
106 may store data receive from host controller 110, such as data 122, {o
non-volatile memory device 104 so that the data may be restored for subsequent
use. When the power loss is triggered by a hot removal of electronic device 200,
controlter 106 may maintain the data in volatile memory device 102 and may not
transfer the data to non-volatile memory device 104 as the data may be
incomplete or corrupted. Thus, when memary modute 100 is powered off, the

data stored in volatile memory device 102 is lost.

{00621} Operation of electronic device 200 is now described with reference to

a power down event. During a powser down event, the AC power supplied to
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power supply 210 is lost. Power supply detection circuit 204 may detect the loss
of the AC power. Power supply detection circuit 204 may trigger a state
transition of save signal 206 to indicate the loss of the AC power. In response {o
detecting the stale transition of save signal 206, for example, from a logic high to
a logic low, host controlier 110 may initiate a data flushing operation by flushing
or transmitting data 122 from a buffer 212 of host controfler 110 to memory
module 100 via third electrical contact 116. In response {o detecting the state
transition of save signal, contraller 106 may store data 122 o volatile memory

device 102 as volatile data.

{0022} Power supply 210 may continue to provide power to electronic device
200 for a brief period of time s0 that the data flushing operation may be
completed. For example, power supply 210 may continue fo provide power o

electronic device 200 for 6 milliseconds during a power down event.

{0623} When host controfler 110 has completed flushing all of data 122 to
memory module 100, host controller 110 may trigger a state transition of clock
enable signal 118, such as from a logic high o a logic low. In response fo
detecting the state transition of clock enable signal 118, controller 106 may place
memory module 100 into a self-refresh mode. During the self-refresh mode,

memory module 100 may not receive any data from host controlier 110.

{0624} When power supply 210 no longer provides power to electronic device
200, components of electronic device 200, such as host controlfer 110, may be
powered off except memory module 100 and power storage device 202. Power
storage device 202 may provide power to memory maodule 100 for a period of
time after power is no longer supplied 1o electronic device 200. For example, the
period of time may be 10 milliseconds. The loss of power from power supply 210
may trigger a state transition of reset signal 120, for example, from a logic high to

logic low as host controfter 110 s powered off.

{0025] Operation of electronic device 200 is now described with reference to
a hot removal of electronic device 200 from computing device 214, When

electronic device 200 is physically hot removed from computing device 214,
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power supplied to electronic device 200 may be lost. The loss of power may
trigger a state transiion of save signal 206, a state transition of clock enable
signal 118, and a state transition of reset signal 120 as power supply detection
circuit 204 and host controller 110 are powered off. Thus, the state transition of
resetf signal 120 may be triggered prior {o all of data 122 is transmitted to

memory module 100

0026} To distinguish between a power down event and a hot removal of
electronic device 200, controlier 108 may compare a timing of the slate transition
of reset signal 120 relative to the state transition of clock enable signal 118.
Based on the comparison, controlier 106 may determine whether {o transfer data
122 from volatile memory device 102 {0 non-volatile memory device 104. For
example, when the state transition of reset signal 120 is detected after the state
transition of clock enable signal 118 and after the expiration of a wailing period
that begins at the state transition of clock enable signal 118, the timing of the
state transition of reset signal 120 may indicate a power down event. Thus,
controler 106 may transfer data 122 stored in volatile memory device 102 to
non-volatile memory device 104. The waiting penod is described in more detail
in FIG. 3.

{0027} When the state transition of reset signal 120 is detected prior to the
expiration of a waiting period, the timing of the state transition of reset signal 120
may indicate a hot removal of electronic device 200, Thus, controller 106 may
skip transferring data 122 to non-volatile device 104 by maintaining data 122 in

volatile device 102.

{0628} FiG. 3 is a timing diagram 300 of stale transitions of clock enable
signal 118 and reset signal 120, according to an example. Timing diagram 300 is
described with reference to memory module 100 of FiGs. 1-2.

0029 At time TO, controller 106 may detect a state transition of reset signal
120 from a logic high to a logic low. At time T1 that is subsequent to time T0,
controlier 106 may detect a state transition of clock enable signal 118 from a

tagic high to a logic low. In response {o detecting the state transition of reset
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signal 120 prior to the state transition of clock enable signal 118, controlier 106
may determine that a hot removal of electronic device 200 has occurred. Thus,
controlier 106 may not transfer data 122 from volatile memory device 102 to
non-volatile memory device 104,

{06361 In some examples, during a hot removal of electronic device 200,
controlter 106 may detect the state transition of reset signal 120 after the state
transition of clock enable signal 118 even though the state transition of reset
signal 120 is tniggered before or substantially at the same time as the state
transition of clock enable signal 118 is triggered. The delay in detecting the state
transition of reset signal 120 may be caused by routing delay of reset signal 120
To reduce the likelihood of transferring incomplete or corrupted data 122 {0
non-volatile memory device 104, controller 106 may initiate a wailing penod 302
that begins at the siate transition of clock enable signat 118, suchas at time T1.
Wailing period 302 may be set for a period of time to account for delays
associated with routing resset signal 120 from host controller 110 to data
communication interface 108. Thus, wailing period 302 may expire after time T1.
For example, watting period 302 may begin at ime T1 and expire at ime T3.

{0031} Controller 106 may compare the timing of state transition of reset
signal 120 to waiting period 302. Based on the comparison, controfler 106 may
o determine whether to transfer data 122 from volatile memory device 102 to
non-volatile memory device 104, For example, when controlier 106 detecis a
state transition of reset signal 120 prior to the expiration of waiting pericd 302,
controlier 106 may determine that a hot removal of electronic device 200 has
occurred. For example, a state transition of reset signat 120 may be detected at
time T2 that is prior 1o the expiration of wailing period 302 but after the state
transition of clock enable signatl 118 at time T1. Thus, controlier 108 may not
transfer data 122 from volatile memory device 102 1o non-volatile memory device
104.

{0032} When controller 106 detects a state transition of reset signal 120 after

the expiration of wailing period 302, controller 106 may determine that a power
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down event at computing device has occurred. For example, controlier 106 may
detact a state transition of reset signal 120 at ime T4 that is after the expiration
of waiting period 302 at time T3. Thus, controller 106 may transfer data 122 from
volatile memory device 102 to non-volatile memory device 104,

{06331 FiG. 4 is a block diagram of a memaory moduie 400 to transfer data
from a volatile memory device {0 a non-volatile memory device based on state
transition defections of a clock enable signal and a reset signal, according to
another example. Memory module 400 may implement memory module 100 of
FiGs. 1-2. Memory module 400 may include a controller 402 and a

computer-readable storage medium 404.

{0034} Controller 402 may be similar o controller 106. Controller 402 may
fetch, decode, and execute instructions 406-412 to control a process of
transferring data from a volatile memaory device to a non-volatile memory device.
As an alternative or in addition 1o retrieving and executing instructions, controlier
402 may include at least one electronic circuit that includes electronic
components for performing the functionality of instructions 406, 408, 410, 412 or
a combination thereof.

{0035] Computer-readable storage medium 404 may be any slectronic,
magnetic, optical, or other physical storage device that contains or stores
executable instructions. Thus, computer-readable storage medium 404 may be,
for example, Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM), etc. In some examples,
computer-readable storage medium 404 may be a non-transitory storage
medium, where the term “non-transitory” does not encompass transitory
propagating signals. As described in detatl below, computer-readable storage
meditm 404 may be encoded with a series of processor executable instructions
406-412 for detecting a state transition of a clock enable signal, detecting a state
transition of a reset signal, comparing a timing of the stale transition of the reset
signal {o a wailing period that begins at the state transition of the clock enable
signal, and determining whether to transfer data from a volatile memory device to

a non-volatile memory device based on the comparison.
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0036} Clock enable signal state transition detection instructions 406 may
detect a state transition of a clock enable signal. For example, referring to FIG.
1, controller 106 may sense clock enable signal 118 and detect a siate transition
of clock enable signal 118 via first electrical contact 112, Reset signal state
transition detection instructions 408 may detect a state transition of a reset
signal. For example, controlier 106 may also sense reset signal 120 and detect a

state transition of reset signal 120 via second electrical contact 114,

{0037} State transition timing comparison instructions 410 may compare a
timing of a state transition of a reset signal to a waiting period that begins at a
state transition of the clock enable signal. For example, referring to FIG. 3,
controfter 106 may compare the timing of state transition of reset signal 12010
wailing peniod 302, Data transfer determination mstructions 412 may determine
whether to transfer data from a volatile memory device o a non-volatile memory
device based on the comparison. For example, referring to FIG. 3, based on the
comparisan, conirolier 106 may determine whether o transfer data 122 from
volatile memory device 102 to non-volatile memory device 104,

0038} FIG. 51s a flowchart dllustrating a method 500 of operation at a
memory module to transfer data from a volatile memory device to a non-volatile
memaory device based on state transition detections of a clock enable signal and
a reset signal, according to an example. Method 500 may be implemented by
memory module 100 of FiGs. 1-2 and/or memory module 400 of FIG. 4.

0039} Method 500 includes sensing, via a data communication interface of a
memaory module, a plurality of signals including a save signal, a clock enable
signal, and a reset signal, at 502. For example, referring to FIG. 1, data
communication interface 108 may include a plurality of electrical connectors or
pins to sense signals from host controlier 110, detect state transitions of the
signals, receive data from host controller 110, and transmit data to host controller
110. Method 500 also includes in response {o detecting a state transition of the
save signal, storing data received from a host controller {o a volatile memory

device of the memory module, at 504. For example, referring 1o FIG. 2, in
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response to detecting the state transition of save signal, controller 106 may store

data 122 to volatile memory device 102 as volalile data.

[0040] Method 500 further includes in response 1o detecting a state transition
of the reset signal prior {0 an expiration of a wailing period associated with 3
state transition of the clock enable signal, maintaining the data in the volatile
memory device, at 506. For example, referring to FIG. 2, when the state
transition of reset signal 120 is detected prior to the expiration of a waiting period,
the timing of the state transition of reset signal 120 may indicate a hot removal of
electronic device 200. Thus, controlier 106 may skip transferring data 122 to
non-volatile device 104 by maintaining data 122 in volatile device 102. Method
500 further includes in response to detecting the state transition of the reset
signal after the expiration of the wailing period, transferning the data from the
volatile memory device {0 a non-volatile memory device of the memory module,
at 508. For example, referring to FIG. 3, when controlier 106 detects a state
transition of reset signal 120 after the expiration of waiting perniod 302, controlier
106 may determine that a power down event at computing device has occurred.
For example, controlier 106 may detect a state fransition of reset signal 120 at
time T4 that is after the expiration of waiting period 302 at ime T3. Thus,
controlier 106 may transfer data 122 from volatile memory device 102 {o

non-volatile memory device 104,

j0041} The use of "comprising”, "including” or "having” are synonymous and
variations thereof herein are meant 1o be inclusive or open-ended and do not
exclude additional unrecited elements or method steps.
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Claims

What s claimed is:

1. A memaory module comprising:
a data communication interface;
a volatile memory device;
a non-volatile memory device; and
a controller coupled to the data communication interface, the volatile
memory device, and the non-volatile memaory device, the controller
to:
store data to the volatile memory device, wherein the data is
raceived via the data communication interface from a host
controlier;
detect a state transition of a clock enable signal and a state
transition of a reset signal via the data communication
interface; and
determine whether {o transfer the data from the volatile mamory
device to the non-volatile memory device based on a timing
of the state transition of the reset signal relative to the state

transition of the clock enable signal.

2. The memory module of claim 1, wherein the clock enable signal and the

reset signal are asserted by the host controller.

3. The memory module of claim 1, whergin the controller is o;
transfer the data to the non-volatile memory device when the state
transition of the reset signal is detecied affer the siate transition of

the clock enable signat;, and
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maintain the data in the volatile memory device when the state transition
of the reset signal is detected prior to the stale transiion of the

clock enable signal.

4. The memory module of claim 1, wherein the memory module is coupled

to a power storage device.

5. The memory madule of claim 1, whersin the memory module is a

non-volatile dual indine memory module (NVDIMM).

8. The memory module of claim 1, whersin the memory module and the
host controller are located in the same electronic device.

7. A method comprising:

sensing, via a data communication interface of a memory module, a
plurality of signals including a save signal, a clock enable signal,
and a reset signal;

in response o detecting a state transition of the save signal, storing data
received from a host controller {0 a volatile memory device of the
memory module;

in response {0 detecting a siate transition of the reset signal priorto an
expiration of a waiting period associated with a state transition of
the clock enable signal, maintaining the data in the volatile memory
device; and

in response {o detecting the state transition of the reset signal after the
axpiration of the wailing period, transferring the data from the
volatile memaory device to a non-volatile memaory device of the

rmemory module.

8. The method of claim 7, wherein the waiting period begins at the state

transition of the clock enable signal.
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3. The method of claim 7, wherein the wailing period expires after the

state transition of the clock enable signal.

10. The method of claim 7, wherein the save signal is asserted by a power

supply detection circuit.

11. The method of claim 7, wherein the clock enable signal and the reset
signal are asserted by the host controller.

12. A non-ransitory computer-readable storage medium comprising
instructions that when executed cause a controller of a memory module to:

detect, via a data communication interface of the memory module, a state
transition of a clock enable signal;

detect a state transition of a reset signal;

compare a timing of the state transition of the reset enable signalto a
wailing period that begins at the state transition of the clock enable
signal; and

determine whether to transfer data from a volatile memory device of the
memary module to a non-volatile memory device of the memory
module based on the comparison.

13. The non-transitory computer-readable storage medium of claim 12,
wherein the instructions when executed cause the controller to:

transfer the {o the non-volatile memory device when the state transition of
the reset signal is detected after an expiration of the waiting petiod;
and

mairtain the data in the volatile memory device when the state transition
of the reset signal is detected prior to the expiration of the wailing
period.
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14. The non-transitory computer-readable storage medium of claim 12,
wherein the clock enable signal and the reset signal are asserted by a host

controller.

15. The non-transitory computer-readable storage medium of claim 12,
wherein the state transition of the clock enable signal is indicative of & completion

of a data flushing operation.
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Sense, via a data communication interface of a memory module, a plurality of
signals including a save signal, a clock enable signal, and a reset signal

l

504

In response o deteciing a state transition of the save signal, store data received
from a host controfler 1o a volatile memory device of the memory module

l

506 |

In response fo detecting a stale transition of the reset signal prior 10 an expiration of
a waiting period associated with a siate transition of the clock enable signal, maintain
the data in the volatile memory device

l

508 ~—_|

In response {0 detecting {he siate ransition of the reset signal after the expiration of
the wailing period, transfer the data from the volatile memory device to a non-volatile
memory device of the memory module

FIG. 5
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