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DATA STORAGE DEVICE AND DATA
PROCESSING SYSTEM INCLUDING THE
SAME

CROSS-REFERENCES TO RELATED
APPLICATION

[0001] The present application claims priority under 35
US.C. §119(a) to Korean application number 10-2013-
0097804, filed on Aug. 19, 2013, in the Korean Intellectual
Property Office, which is incorporated herein by reference in
its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Various embodiments generally relate to a data pro-

cessing system, and more particularly, to a data storage device
capable of reducing power consumption in a power saving
state and a data processing system including the same.
[0004] 2. Related Art

[0005] Recently, the paradigm for the computer environ-
ment has been converted into ubiquitous computing so that
computer systems can be used anytime and anywhere. Due to
this fact, the use of portable electronic devices such as mobile
phones, digital cameras, and notebook computers has rapidly
increased. In general, such portable electronic devices use a
data storage device which uses a memory device. The data
storage device is used as a main memory device or an auxil-
iary memory device of a portable electronic device.

[0006] A data storage device using a memory device pro-
vides advantages in that, since there is no mechanical driving
part, stability and durability are excellent, an information
access speed is high and power consumption is small. Data
storage devices having such advantages include an universal
serial bus (USB) memory device, a memory card having
various interfaces, and a solid state drive (SSD).

[0007] A data storage device may internally perform an
operation in response to a request from a host device. Further,
the data storage device may operate in a power saving state or
an idle state when no request is made from the host device. In
an aspect of managing the power of an entire data processing
system, it is important to control the data storage device to
consume a minimum amount of power while operating in a
power saving state.

SUMMARY

[0008] A data storage device capable of reducing power
consumption and a data processing system including the
same are described herein.

[0009] In an embodiment of the present invention, a data
processing system includes: a host device; and a data storage
device including an interface unit which is configured to
interface with the host device, and configured to store data
provided from the host device or provide data to the host
device, in response to a request from the host device, wherein
the data storage device is configured to interrupt power sup-
ply to the interface unit while the host device operates in a
power saving mode.

[0010] In an embodiment of the present invention, a data
storage device includes: a nonvolatile memory device; a con-
troller configured to store data provided from a host device, in
the nonvolatile memory device, or provide data read from the
nonvolatile memory device, to the host device, in response to
a request from the host device; an interface unit configured to
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interface the host device and the controller; and a power
supplier configured to supply power to the nonvolatile
memory device, the controller and the interface unit accord-
ing to control of the controller, wherein the controller is
configured to control the power supplier in such a manner that
power supply to the interface unit is interrupted while oper-
ating in a power saving mode.

[0011] In an embodiment of the present invention, a data
storage device includes: a nonvolatile memory device; a con-
troller configured to store data provided from a host device, in
the nonvolatile memory device, or provide data read from the
nonvolatile memory device, to the host device, in response to
arequest from the host device; and an interface unit including
apower block for generating power to be internally used, and
configured to interface the host device and the controller,
wherein the controller is configured to control the power
block in such a manner that power supply to the interface unit
is interrupted while operating in a power saving mode.
[0012] According to embodiments of the present disclo-
sure, since it is possible to reduce power consumption of a
data storage device which operates in a power saving state, the
power consumption of a data processing system may be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Features, aspects, and embodiments are described in
conjunction with the attached drawings, in which:

[0014] FIG.1is ablock diagram illustrating a data process-
ing system in accordance with an embodiment of the present
disclosure;

[0015] FIG. 2 is a block diagram illustrating an example of
the interface unit and the power supplier included in the data
storage device of FIG. 1;

[0016] FIG. 3 is a timing diagram for explaining operations
of the data processing system of FIG. 1;

[0017] FIG. 4 is a block diagram illustrating a data process-
ing system in accordance with an embodiment of the present
disclosure;

[0018] FIG. 5is ablock diagram illustrating an example of
the interface unit included in the data storage device of FIG.
4;

[0019] FIG. 6 is a timing diagram for explaining operations
of the data processing system of FIG. 4;

[0020] FIG. 7 is a block diagram illustrating a data process-
ing system in accordance with an embodiment of the present
disclosure;

[0021] FIG. 8 is a block diagram illustrating an example of
the interface unit and the power supplier included in the data
storage device of FIG. 7;

[0022] FIG.9 is atiming diagram for explaining operations
of the data processing system of FIG. 7;

[0023] FIG. 10 is a block diagram illustrating a data pro-
cessing system in accordance with an embodiment of the
present disclosure;

[0024] FIG. 11 is a block diagram illustrating an example of
the interface unit included in the data storage device of FIG.
10; and

[0025] FIG. 12 is a timing diagram for explaining opera-
tions of the data processing system of FIG. 10.

DETAILED DESCRIPTION

[0026] In the present invention, advantages, features and
methods for achieving them will become more apparent after
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a reading of the following examples of the embodiments
taken in conjunction with the drawings. The present invention
may, however, be embodied in different forms and should not
be construed as being limited to the embodiments set forth
herein. Rather, these embodiments are provided to describe
the present invention in detail to the extent that a person
skilled in the art to which the invention pertains can easily
enforce the technical concept of the present invention.
[0027] Itistobeunderstood herein that embodiments of the
present invention are not limited to the particulars shown in
the drawings and that the drawings are not necessarily to scale
and in some instances proportions may have been exagger-
ated in order to more clearly depict certain features of the
invention. While particular terminology is used herein, it is to
be appreciated that the terminology used herein is for the
purpose of describing particular embodiments only and is not
intended to limit the scope of the present invention.

[0028] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
It will be understood that when an element is referred to as
being “on,” “connected to” or “coupled to” another element,
it may be directly on, connected or coupled to the other
element or intervening elements may be present. As used
herein, a singular form is intended to include plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “includes” and/or “includ-
ing,” when used in this specification, specify the presence of
atleast one stated feature, step, operation, and/or element, but
do not preclude the presence or addition of one or more other
features, steps, operations, and/or elements thereof.

[0029] Hereinafter, a data storage device and a data pro-
cessing system including the same according to the present
invention will be described below with reference to the
accompanying drawings through various examples of
embodiments.

[0030] FIG. 1 is a block diagram showing an example of a
data processing system in accordance with an embodiment of
the present disclosure. Referring to FIG. 1, a data processing
system 100 may include a host device 110, and a data storage
device 140.

[0031] For instance, the host device 110 may include por-
table electronic devices such as a mobile phone, an MP3
player, a digital camera and a laptop computer, or electronic
devices such as a desktop computer, a game player, a TV, a
beam projector and a car entertainment system.

[0032] The host device 110 may include a controller 120
and an interface unit 130. While it is shown that the interface
unit 130 is disposed outside the controller 120, itis to be noted
that the interface unit 130 may be included in the controller
120.

[0033] The controller 120 may be configured to control the
general operations of the host device 110. The controller 120
may control the general operations of the host device 110
through driving of a firmware or a software which is loaded on
a working memory device (not shown).

[0034] The interface unit 130 may be configured to inter-
face the host device 110 and the data storage device 140. For
instance, the interface unit 130 may perform an interfacing
function through one of various interface protocols such as an
universal flash storage (UFS) protocol, an universal serial bus
(USB) protocol, a multimedia card (MMC) protocol, a
peripheral component interconnection (PCI) protocol, a PCI-
express (PCI-E) protocol, a parallel advanced technology
attachment (PATA) protocol, a serial advanced technology
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attachment (SATA) protocol, a small computer system inter-
face (SCSI) protocol, and a serial attached SCSI (SAS) pro-
tocol.

[0035] The controller 120 may be configured to provide an
access request (for example, a write request) and data to the
data storage device 140, to store data in the data storage
device 140. The controller 120 may be configured to provide
an access request (for example, a read request) to the data
storage device 140, to read data stored in the data storage
device 140, and may be configured to be provided with data
from the data storage device 140. Also, the controller 120 may
be configured to provide various control requests for control-
ling the data storage device 140, which are not associated with
the input and output of data, to the data storage device 140.
Such access requests, data and control requests may be trans-
ferred to the data storage device 140 according to the protocol
of the interface unit 130. Such access requests, data and
control requests may be transmitted through a signal line
SGNT1 between the interface unit 130 of the host device 110
and an interface unit 170 of the data storage device 140.
[0036] The controller 120 may control the power saving
mode of the host device 110. That is to say, the controller 120
may control the host device 110 to enter a power saving mode
such as a sleep mode and a power-down mode when there is
no task to be processed.

[0037] When the host device 110 enters the power saving
mode, the controller 120 may control the data storage device
140 to also enter a power saving mode. For instance, the
controller 120 may provide a power saving mode entry
request as one of the control requests, to the data storage
device 140. Further, when the host device 110 enters the
power saving mode, the controller 120 may provide an inter-
face control signal IF_CTR1 to the data storage device 140.
Power supply to the interface unit 170 of the data storage
device 140 may be interrupted by the interface control signal
IF_CTRI1.

[0038] The data storage device 140 may be configured to
operate in response to a request from the host device 110. The
data storage device 140 may be configured to store the data
accessed by the host device 110. In other words, the data
storage device 140 may be used as a memory device of the
host device 110.

[0039] The data storage device 140 may be fabricated as
any one of various kinds of storage devices, according to the
protocol of the interface unit 170. For example, the data
storage device 140 may be configured as any one of various
kinds of storage devices such as a solid state drive, a multi-
media card in the form of an MMC, an eMMC, an RS-MMC
and a micro-MMC, a secure digital card in the form of an SD,
a mini-SD and a micro-SD, an universal serial bus (USB)
storage device, an universal flash storage (UFS) device, a
personal computer memory card international association
(PCMCIA) card, a compact flash (CF) card, a smart media
card, and a memory stick.

[0040] The data storage device 140 may be fabricated as
any one of various kinds of packages. For example, the data
storage device 140 may be fabricated as any one of various
kinds of package types such as a package on package (POP),
a system in package (SIP), a system on chip (SOC), a multi-
chip package (MCP), a chip on board (COB), a wafer-level
fabricated package (WFP), and a wafer-level stack package
(WSP).

[0041] The data storage device 140 may include a nonvola-
tile memory device 150, a controller 160, the interface unit
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170, and a power supplier 180. While it is shown that the
interface unit 170 and the power supplier 180 are disposed
outside the controller 160, it is to be noted that the interface
unit 170 and the power supplier 180 may be included in the
controller 160.

[0042] The nonvolatile memory device 150 may operate as
the storage medium of the data storage device 140. The non-
volatile memory device 150 may be constituted by any one of
various types of nonvolatile memory devices such as a NAND
type flash memory device, a NOR type flash memory device,
a ferroelectric random access memory (FRAM) device using
ferroelectric capacitors, a magnetic random access memory
(MRAM) device using a tunneling magneto-resistive (ITMR)
layer, a phase change random access memory (PRAM) device
using a chalcogenide alloy, and a resistive random access
memory (ReRAM) device using a transition metal oxide. The
nonvolatile memory device 150 may be constituted by a com-
bination of a NAND type flash memory device and one or
more of the various types of nonvolatile memory devices
described above.

[0043] The controller 160 may be configured to control the
general operations of the data storage device 140. The con-
troller 160 may control the general operations of the data
storage device 140 through driving of a firmware or a soft-
ware which is loaded on a working memory device (not
shown). The controller 160 may be configured to control the
nonvolatile memory device 150 in response to a request from
the host device 110. For example, the controller 160 may be
configured to control the read, program (or write) and erase
operations of the nonvolatile memory device 150.

[0044] The interface unit 170 may be configured to inter-
face the data storage device 140 and the host device 110. For
instance, the interface unit 170 may perform an interfacing
function through the same protocol as the protocol of the
interface unit 130 of the host device 110.

[0045] The power supplier 180 may be configured to pro-
vide the external power inputted from an external device, to
the inside of the data storage device 140. For example, the
power supplier 180 may supply controller power PWR_C1
generated on the basis of the external power, to the controller
160. The power supplier 180 may supply memory power
PWR_M1 generated on the basis of the external power, to the
nonvolatile memory device 150. Moreover, the power sup-
plier 180 may supply interface power PWR_I1 generated on
the basis of the external power, to the interface unit 170.
[0046] The power supplier 180 may supply or interrupt the
interface power PWR_I1 in response to an interface power
signal IF_PWRI1 which is provided from the controller 160.
For example, the power supplier 180 may supply the interface
power PWR_I1 to the interface unit 170 when the interface
power signal IF_PWRI is activated. In other examples, the
power supplier 180 may interrupt the supply of the interface
power PWR_I1 when the interface power signal IF_PWR1 is
deactivated.

[0047] Ifthe host device 110 activates the interface control
signal IF_CTR1 when the operation of the interface unit 170
is not necessary, the controller 160 may deactivate the inter-
face power signal [IF_PWR1 according to the interface con-
trol signal IF_CTR1. Namely, the interface power signal
IF_PWRI1 may be provided to the power supplier 180 accord-
ing to the interface control signal IF_CTR1 which is provided
when the host device 110 operates at the power saving mode.
This means that, while the host device 110 and the data
storage device 140 operate at the power saving mode, power
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supply to the interface unit 170 is interrupted and thus the
power consumed by the interface unit 170 may be reduced.
[0048] FIG. 2 is a block diagram showing examples of the
interface unit and the power supplier included in the data
storage device of FIG. 1.

[0049] The interface unit 170 may include a transmission/
reception block 171, a phase-locked loop (PLL) block 172,
and a squelch block 173.

[0050] The transmission/reception block 171 may be con-
figured to generate a signal to be transmitted through the
signal line SGN1 for signal transmission to the interface unit
130 of the host device 110, and transmit the generated signal.
Also, the transmission/reception block 171 may be config-
ured to receive the signal transmitted through the signal line
SGNI1.

[0051] The PLL block 172 may be configured to generate a
clock which is needed for the signal transmission of the
interface unit 170.

[0052] The squelch block 173 may be configured to sense
the voltage level of the signal transmitted through the signal
line SGN1, and determine whether the transmitted signal is a
valid signal or an invalid signal (for example, noise), accord-
ing to a sensing result.

[0053] The transmission/reception block 171, the PLL
block 172 and the squelch block 173 may be physical blocks
which include analog circuits. For this reason, the interface
unit 170 may be referred to as a PHY unit (or a PHY block).
[0054] The power supplier 180 may include a control block
181, a first power generation block 182, a second power
generation block 183, and a third power generation block 184.
[0055] The control block 181 may be configured to control
the first power generation block 182 according to a control
signal (not shown) provided from the controller 160. The first
power generation block 182 may be configured to generate
the controller power PWR_C1 according to the control of the
control block 181, and supply the generated controller power
PWR_C1 to the controller 160.

[0056] The control block 181 may be configured to control
the second power generation block 183 according to a control
signal (not shown) provided from the controller 160. The
second power generation block 183 may be configured to
generate the memory power PWR_M1 according to the con-
trol of the control block 181, and supply the generated
memory power PWR_M1 to the nonvolatile memory device
150.

[0057] The control block 181 may be configured to control
the third power generation block 184 according to the inter-
face power signal IF_PWRI1 provided from the controller
160. The third power generation block 184 may be configured
to generate the interface power PWR_I1 when the interface
power signal IF_PWRI1 is activated, and supply the generated
interface power PWR_I1 to the interface unit 170. The third
power generation block 184 not only may not generate the
interface power PWR_I1 but also may interrupt the supply of
the interface power PWR_I1, when the interface power signal
IF_PWRI1 is deactivated.

[0058] FIG. 3 is a timing diagram explaining operations of
the data processing system of FIG. 1. The waveforms of
control signals and power in the case where the host device
110 and the data storage device 140 operate in an active mode
ACTM and a power saving mode PSM will be described
below with reference to FIGS. 1 to 3.

[0059] In the case where the host device 110 is converted
from the active mode ACTM into the power saving mode
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PSM, the controller 120 of the host device 110 may provide a
power saving mode entry request PS1 to the data storage
device 140. The power saving mode entry request PS1 may be
provided in the form of a command through the signal line
SGNI1.

[0060] After the controller 120 of the host device 110 pro-
vides the power saving mode entry request PS1, it may acti-
vate (i.e., ENABLE) the interface control signal IF_CTR1 to
reduce the power consumed by the interface unit 170 of the
data storage device 140. Further, the controller 120 of the host
device 110 may provide the activated interface control signal
IF_CTRI1 to the data storage device 140.

[0061] The controller 160 of the data storage device 140
may deactivate (i.e., DISABLE) the interface power signal
IF_PWR1 when the activated interface control signal
IF_CTRI1 is provided. Also, the controller 160 of the data
storage device 140 may provide the deactivated interface
power signal IF_PWRI to the power supplier 180.

[0062] When the deactivated interface power signal
IF_PWRI is provided, the power supplier 180 not only may
not generate the interface power PWR_I1 (for instance, 0V is
shown), but also may interrupt the interface power PWR_I1
being supplied to the interface unit 170. While the interface
power PWR_I1 is shown as a voltage value (Vil or a ground
voltage of OV) in FIG. 3, the interface power PWR_I1 may
mean a voltage or current value. [fthe interface power PWR_
11 supplied to the interface unit 170 is interrupted as in a
period IF_OFF, since the interface unit 170 does not operate
any more, the power consumed while the host device 110 and
the data storage device 140 operate in the power saving mode
PSM may be reduced.

[0063] In the case where the host device 110 is converted
from the power saving mode PSM into the active mode
ACTM, the controller 120 of the host device 110 may provide
an active mode entry request WK1 to the data storage device
140. The active mode entry request WK1 may be provided in
the form of a command through the signal line SGN1.
[0064] At the same time (or after) the controller 120 of the
host device 110 provides the active mode entry request WK1,
it may deactivate the interface control signal IF_CTR1 to
allow the interface unit 170 of the data storage device 140 to
operate. Further, the controller 120 ofthe host device 110 may
provide the deactivated interface control signal IF_CTR1 to
the data storage device 140.

[0065] The controller 160 of the data storage device 140
may activate the interface power signal IF_PWR1 when the
deactivated interface control signal IF_CTR1 is provided.
Also, the controller 160 of the data storage device 140 may
provide the activated interface power signal IF_PWR1 to the
power supplier 180.

[0066] When the activated interface power signal
IF_PWRI is provided, the power supplier 180 may generate
the interface power PWR_I1, and may supply the generated
interface power PWR_I1 to the interface unit 170.

[0067] Although not shown, ifthe power saving mode entry
request PS1 is provided to the data storage device 140, the
power supplier 180 may be changed to a power saving state or
a standby state according to the control of the controller 160.
As the power supplier 180 is changed to the power saving
state or the standby state, power consumption may be
reduced. Moreover, if the active mode entry request WK1 is
provided to the data storage device 140, the power supplier
180 may be changed to a normal state according to the control
of the controller 160.
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[0068] FIG. 4 is a block diagram showing examples of a
data processing system in accordance with an embodiment of
the present disclosure. Referring to FIG. 4, a data processing
system 200 may include a host device 210, and a data storage
device 240.

[0069] For instance, the host device 210 may include por-
table electronic devices such as a mobile phone, an MP3
player, a digital camera and a laptop computer, or electronic
devices such as a desktop computer, a game player, a TV, a
beam projector and a car entertainment system.

[0070] The host device 210 may include a controller 220
and an interface unit 230. While it is shown that the interface
unit 230 is disposed outside the controller 220, it is to be noted
that the interface unit 230 may be included in the controller
220.

[0071] The controller 220 may be configured to control the
general operations of the host device 210. The controller 220
may control the general operations of the host device 210
through driving of a firmware or a software which is loaded on
a working memory device (not shown).

[0072] The interface unit 230 may be configured to inter-
face the host device 210 and the data storage device 240. For
instance, the interface unit 230 may perform an interfacing
function through one of various interface protocols such as an
universal flash storage (UFS) protocol, an universal serial bus
(USB) protocol, a multimedia card (MMC) protocol, a
peripheral component interconnection (PCI) protocol, a PCI-
express (PCI-E) protocol, a parallel advanced technology
attachment (PATA) protocol, a serial advanced technology
attachment (SATA) protocol, a small computer system inter-
face (SCSI) protocol, and a serial attached SCSI (SAS) pro-
tocol.

[0073] The controller 220 may be configured to provide an
access request (for example, a write request) and data to the
data storage device 240, to store data in the data storage
device 240. The controller 220 may be configured to provide
an access request (for example, a read request) to the data
storage device 240, to read data stored in the data storage
device 240, and may be configured to be provided with data
from the data storage device 240. Also, the controller 220 may
be configured to provide various control requests for control-
ling the data storage device 240, which are not associated with
the input and output of data, to the data storage device 240.
Such access requests, data and control requests may be trans-
ferred to the data storage device 240 according to the protocol
of the interface unit 230. Such access requests, data and
control requests may be transmitted through a signal line
SGN2 between the interface unit 230 of the host device 210
and an interface unit 270 of the data storage device 240.

[0074] The controller 220 may control the power saving
mode of the host device 210. That is to say, the controller 220
may control the host device 210 to enter a power saving mode
such as a sleep mode and a power-down mode when there is
no task to be processed.

[0075] When the host device 210 enters the power saving
mode, the controller 220 may control the data storage device
240 to also enter a power saving mode. For instance, the
controller 220 may provide a power saving mode entry
request as one of the control requests, to the data storage
device 240. Further, when the host device 210 enters the
power saving mode, the controller 220 may provide an inter-
face control signal IF_CTR2 to the data storage device 240.
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Power supply to the interface unit 270 of the data storage
device 240 may be interrupted by the interface control signal
IF_CTR2.

[0076] The data storage device 240 may be configured to
operate in response to a request from the host device 210. The
data storage device 240 may be configured to store the data
accessed by the host device 210. In other words, the data
storage device 240 may be used as a memory device of the
host device 210.

[0077] The data storage device 240 may be fabricated as
any one of various kinds of storage devices, according to the
protocol of the interface unit 270. For example, the data
storage device 240 may be configured as any one of various
kinds of storage devices such as a solid state drive, a multi-
media card in the form of an MMC, an eMMC, an RS-MMC
and a micro-MMC, a secure digital card in the form of an SD,
a mini-SD and a micro-SD, an universal serial bus (USB)
storage device, an universal flash storage (UFS) device, a
personal computer memory card international association
(PCMCIA) card, a compact flash (CF) card, a smart media
card, and a memory stick.

[0078] The data storage device 240 may be fabricated as
any one of various kinds of packages. For example, the data
storage device 240 may be fabricated as any one of various
kinds of package types such as a package on package (POP),
a system in package (SIP), a system on chip (SOC), a multi-
chip package (MCP), a chip on board (COB), a wafer-level
fabricated package (WFP), and a wafer-level stack package
(WSP).

[0079] The data storage device 240 may include a nonvola-
tile memory device 250, a controller 260, the interface unit
270, and a power supplier 280. While it is shown that the
interface unit 270 and the power supplier 280 are disposed
outside the controller 260, it is to be noted that the interface
unit 270 and the power supplier 280 may be included in the
controller 260.

[0080] The nonvolatile memory device 250 may operate as
the storage medium of the data storage device 240. The non-
volatile memory device 250 may be constituted by any one of
various types of nonvolatile memory devices such as a NAND
type flash memory device, a NOR type flash memory device,
a ferroelectric random access memory (FRAM) device using
ferroelectric capacitors, a magnetic random access memory
(MRAM) device using a tunneling magneto-resistive (ITMR)
layer, a phase change random access memory (PRAM) device
using a chalcogenide alloy, and a resistive random access
memory (ReRAM) device using a transition metal oxide. The
nonvolatile memory device 250 may be constituted by a com-
bination of a NAND type flash memory device and one or
more of the various types of nonvolatile memory devices
described above.

[0081] The controller 260 may be configured to control the
general operations of the data storage device 240. The con-
troller 260 may control the general operations of the data
storage device 240 through driving of a firmware or a soft-
ware which is loaded on a working memory device (not
shown). The controller 260 may be configured to control the
nonvolatile memory device 250 in response to a request from
the host device 210. For example, the controller 260 may be
configured to control the read, program (or write) and erase
operations of the nonvolatile memory device 250.

[0082] The interface unit 270 may be configured to inter-
face the data storage device 240 and the host device 210. For
instance, the interface unit 270 may interface the data storage
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device 240 and the host device 210 through the same protocol
as the protocol of the interface unit 230 of the host device 210.
[0083] The power supplier 280 may be configured to pro-
vide the external power inputted from an external device, to
the inside of the data storage device 240. For example, the
power supplier 280 may supply controller power PWR_C2
generated on the basis of the external power, to the controller
260. The power supplier 280 may supply memory power
PWR_M2 generated on the basis of the external power, to the
nonvolatile memory device 250. While not shown, the power
supplier 280 may generate the controller power PWR_C2 and
the memory power PWR_M2 according to the control signals
provided from the controller 260.

[0084] The interface unit 270 may include a power block
(not shown) for generating power to be used therein. The
power block included in the interface unit 270 may supply or
interrupt internal power in response to an interface power
signal IF_PWR2 which is provided from the controller 260.
For example, the power block included in the interface unit
270 may generate internal power when the interface power
signal IF_PWR2 is activated, and may supply generated inter-
nal power to the interface unit 270. In other examples, the
power block included in the interface unit 270 not only may
not generate internal power but also may interrupt power
being supplied to the function block of the interface unit 270,
when the interface power signal IF_PWR?2 is deactivated.
[0085] Ifthe host device 210 activates the interface control
signal IF_CTR2 when the operation of the interface unit 270
is not necessary, the controller 260 may deactivate the inter-
face power signal [F_PWR2 according to the interface con-
trol signal IF_CTR2. Namely, the interface power signal
IF_PWR2 may be provided to the interface unit 270 accord-
ing to the interface control signal IF_CTR2 which is provided
when the host device 210 operates at the power saving mode.
This means that, while the host device 210 and the data
storage device 240 operate at the power saving mode, power
supply to the interface unit 270 is interrupted and thus the
power consumed by the interface unit 270 may be reduced.
[0086] FIG. 5 is a block diagram showing examples of the
interface unit included in the data storage device of FIG. 4.
[0087] The interface unit 270 may include a transmission/
reception block 271, a phase-locked loop (PLL) block 272, a
squelch block 273, and a power block 274.

[0088] The transmission/reception block 271 may be con-
figured to generate a signal to be transmitted through the
signal line SGN2 for signal transmission to the interface unit
230 of' the host device 210, and transmit the generated signal.
Also, the transmission/reception block 271 may be config-
ured to receive the signal transmitted through the signal line
SGN2.

[0089] The PLL block 272 may be configured to generate a
clock which is needed for the signal transmission of the
interface unit 270.

[0090] The squelch block 273 may be configured to sense
the voltage level of the signal transmitted through the signal
line SGN2, and determine whether the transmitted signal is a
valid signal or an invalid signal (for example, noise), accord-
ing to a sensing result.

[0091] The transmission/reception block 271, the PLL
block 272 and the squelch block 273 may be physical blocks
which include analog circuits. For this reason, the interface
unit 270 may be referred to as a PHY unit (or a PHY block).
[0092] Thepower block 274 may be configured to generate
power to be supplied to the internal function blocks 271, 272
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and 273 of the interface unit 270, on the basis of the external
power, and supply generated power. For example, the power
block 274 may be configured to generate transmission/recep-
tion block power PWR_TR2, and supply the generated trans-
mission/reception block power PWR_TR2 to the transmis-
sion/reception block 271. In other examples, the power block
274 may be configured to generate PLL block power PWR_
P2, and supply the generated PLL block power PWR_P2 to
the PLL block 272. In other examples, the power block 274
may be configured to generate squelch block power PWR_
S2, and supply the generated squelch block power PWR_S2
to the squelch block 273.

[0093] Thepower block 274 may be configured to generate
the power PWR_TR2, PWR_P2 and PWR_S2 to be supplied
to the internal function blocks 271, 272 and 273 of the inter-
face unit 270 according to the interface power signal
IF_PWR2 which is provided from the controller 260, and
supply the generated power PWR_TR2, PWR_P2 and PWR _
S2 to the internal function blocks 271, 272 and 273. For
example, the power block 274 may be configured to generate
the power PWR_TR2, PWR_P2 and PWR_S2 and supply the
generated power PWR_TR2, PWR_P2 and PWR_S2 to the
respective internal function blocks 271, 272 and 273, when
the interface power signal IF_PWR2 is activated. In other
examples, the power block 274 not only may not generate the
power PWR_TR2, PWR_P2 and PWR_S2 but also may inter-
rupt the supply of the power PWR_TR2,PWR_P2and PWR_
S2, when the interface power signal IF_PWR?2 is deactivated.
[0094] FIG. 6 is a timing diagram explaining operations of
the data processing system of FIG. 4. The waveforms of
control signals and the internal power of the interface unit 270
in the case where the host device 210 and the data storage
device 240 operate in an active mode ACTM and a power
saving mode PSM will be described below with reference to
FIGS. 4 to0 6.

[0095] In the case where the host device 210 is converted
from the active mode ACTM into the power saving mode
PSM, the controller 220 of the host device 210 may provide a
power saving mode entry request PS2 to the data storage
device 240. The power saving mode entry request PS2 may be
provided in the form of a command through the signal line
SGN2.

[0096] After the controller 220 of the host device 210 pro-
vides the power saving mode entry request PS2, it may acti-
vate (i.e., ENABLE) the interface control signal IF_CTR2 to
reduce the power consumed by the interface unit 270 of the
data storage device 240. Further, the controller 220 of the host
device 210 may provide the activated interface control signal
IF_CTR2 to the data storage device 240.

[0097] The controller 260 of the data storage device 240
may deactivate (i.e., DISABLE) the interface power signal
IF_PWR2 when the activated interface control signal
IF_CTR2 is provided. Also, the controller 260 of the data
storage device 240 may provide the deactivated interface
power signal IF_PWR2 to the interface unit 270.

[0098] When the deactivated interface power signal
IF_PWR2 is provided, the power block 274 of the interface
unit 270 not only may not generate the power PWR_TR2,
PWR_P2 and PWR_S2 (for instance, OV is shown) to be
supplied to the internal function blocks 271,272 and 273, but
also may interrupt the power PWR_TR2, PWR_P2 and
PWR_S2 being supplied to the internal function blocks 271,
272 and 273. While the power PWR_TR2, PWR_P2 and
PWR_S2 to be supplied to the internal function blocks 271,
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272 and 273 is shown as voltage values (Vtr2, Vp2 and Vs2 or
a ground voltage of 0V) in FIG. 6, the power PWR_TR2,
PWR_P2 and PWR_S2 may mean voltage or current values.
If the power PWR_TR2, PWR_P2 and PWR_S2 to be sup-
plied to the internal function blocks 271, 272 and 273 of the
interface unit 270 is interrupted as in a period IF_OFF, since
the interface unit 270 does not operate any more, the power
consumed while the host device 210 and the data storage
device 240 operate in the power saving mode PSM may be
reduced.

[0099] In the case where the host device 210 is converted
from the power saving mode PSM into the active mode
ACTM, the controller 220 of the host device 210 may provide
an active mode entry request WK2 to the data storage device
240. The active mode entry request WK2 may be provided in
the form of a command through the signal line SGN2.
[0100] At the same time (or after) the controller 220 of the
host device 210 provides the active mode entry request WK2,
it may deactivate the interface control signal IF_CTR2 to
allow the interface unit 270 of the data storage device 240 to
operate. Further, the controller 220 of the host device 210 may
provide the deactivated interface control signal IF_CTR2 to
the data storage device 240.

[0101] The controller 260 of the data storage device 240
may activate the interface power signal IF_PWR2 when the
deactivated interface control signal IF_CTR2 is provided.
Also, the controller 260 of the data storage device 240 may
provide the activated interface power signal IF_PWR2 to the
interface unit 270.

[0102] The power block 274 of the interface unit 270 may
generate the power PWR_TR2, PWR_P2 and PWR_S2 to be
supplied to the internal function blocks 271, 272 and 273
when the activated interface power signal IF_PWR2 is pro-
vided, and may supply the generated power PWR_TR2,
PWR_P2 and PWR_S2 to the respective internal function
blocks 271, 272 and 273.

[0103] Althoughnotshown, ifthe power saving mode entry
request PS2 is provided to the data storage device 240, the
power supplier 280 may be changed to a power saving state or
a standby state according to the control of the controller 260.
As the power supplier 280 is changed to the power saving
state or the standby state, power consumption may be
reduced. Moreover, if the active mode entry request WK2 is
provided to the data storage device 240, the power supplier
280 may be changed to a normal state according to the control
of the controller 260.

[0104] FIG. 7 is a block diagram showing examples of a
data processing system in accordance with an embodiment of
the present disclosure. Referring to FIG. 7, a data processing
system 300 may include a host device 310, and a data storage
device 340.

[0105] For instance, the host device 310 may include por-
table electronic devices such as a mobile phone, an MP3
player, a digital camera and a laptop computer, or electronic
devices such as a desktop computer, a game player, a TV, a
beam projector and a car entertainment system.

[0106] The host device 310 may include a controller 320
and an interface unit 330. While it is shown that the interface
unit 330 is disposed outside the controller 320, it is to be noted
that the interface unit 330 may be included in the controller
320.

[0107] The controller 320 may be configured to control the
general operations of the host device 310. The controller 320
may control the general operations of the host device 310
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through driving of a firmware or a software which is loaded on
a working memory device (not shown).

[0108] The interface unit 330 may be configured to inter-
face the host device 310 and the data storage device 340. For
instance, the interface unit 330 may perform an interfacing
function through one of various interface protocols such as an
universal flash storage (UFS) protocol, an universal serial bus
(USB) protocol, a multimedia card (MMC) protocol, a
peripheral component interconnection (PCI) protocol, a PCI-
express (PCI-E) protocol, a parallel advanced technology
attachment (PATA) protocol, a serial advanced technology
attachment (SATA) protocol, a small computer system inter-
face (SCSI) protocol, and a serial attached SCSI (SAS) pro-
tocol.

[0109] The controller 320 may be configured to provide an
access request (for example, a write request) and data to the
data storage device 340, to store data in the data storage
device 340. The controller 320 may be configured to provide
an access request (for example, a read request) to the data
storage device 340, to read data stored in the data storage
device 340, and may be configured to be provided with data
from the data storage device 340. Also, the controller 320 may
be configured to provide various control requests for control-
ling the data storage device 340, which are not associated with
the input and output of data, to the data storage device 340.
Such access requests, data and control requests may be trans-
ferred to the data storage device 340 according to the protocol
of the interface unit 330. Such access requests, data and
control requests may be transmitted through a signal line
SGN3 between the interface unit 330 of the host device 310
and an interface unit 370 of the data storage device 340.
[0110] The controller 320 may control the power saving
mode of the host device 310. That is to say, the controller 320
may control the host device 310 to enter a power saving mode
such as a sleep mode and a power-down mode when there is
no task to be processed.

[0111] When the host device 310 enters the power saving
mode, the controller 320 may control the data storage device
340 to also enter a power saving mode. For instance, the
controller 320 may provide a power saving mode entry
request as one of the control requests, to the data storage
device 340. Power supply to the interface unit 370 of the data
storage device 340 may be interrupted by the power saving
mode entry request. In the case where the host device 310
enters an active mode from the power saving mode, the con-
troller 320 may initialize or reset the data storage device 340.
In this case, the controller 320 may provide a reset signal
RST3 to the data storage device 340 through the signal line
SGN3. Power supply to the interface unit 370 of the data
storage device 340 may be restarted by the reset signal RST3.
[0112] The data storage device 340 may be configured to
operate in response to a request from the host device 310. The
data storage device 340 may be configured to store the data
accessed by the host device 310. In other words, the data
storage device 340 may be used as a memory device of the
host device 310.

[0113] The data storage device 340 may be fabricated as
any one of various kinds of storage devices, according to the
protocol of the interface unit 370. For example, the data
storage device 340 may be configured as any one of various
kinds of storage devices such as a solid state drive, a multi-
media card in the form of an MMC, an eMMC, an RS-MMC
and a micro-MMC, a secure digital card in the form of an SD,
a mini-SD and a micro-SD, an universal serial bus (USB)
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storage device, an universal flash storage (UFS) device, a
personal computer memory card international association
(PCMCIA) card, a compact flash (CF) card, a smart media
card, and a memory stick.

[0114] The data storage device 340 may be fabricated as
any one of various kinds of packages. For example, the data
storage device 340 may be fabricated as any one of various
kinds of package types such as a package on package (POP),
a system in package (SIP), a system on chip (SOC), a multi-
chip package (MCP), a chip on board (COB), a wafer-level
fabricated package (WFP), and a wafer-level stack package
WSP).

[0115] The data storage device 340 may include a nonvola-
tile memory device 350, a controller 360, the interface unit
370, and a power supplier 380. While it is shown that the
interface unit 370 and the power supplier 380 are disposed
outside the controller 360, it is to be noted that the interface
unit 370 and the power supplier 380 may be included in the
controller 360.

[0116] The nonvolatile memory device 350 may operate as
the storage medium of the data storage device 340. The non-
volatile memory device 350 may be constituted by any one of
various types of nonvolatile memory devices such as a NAND
type flash memory device, a NOR type flash memory device,
a ferroelectric random access memory (FRAM) device using
ferroelectric capacitors, a magnetic random access memory
(MRAM) device using a tunneling magneto-resistive (ITMR)
layer, a phase change random access memory (PRAM) device
using a chalcogenide alloy, and a resistive random access
memory (ReRAM) device using a transition metal oxide. The
nonvolatile memory device 350 may be constituted by a com-
bination of a NAND type flash memory device and one or
more of the various types of nonvolatile memory devices
described above.

[0117] The controller 360 may be configured to control the
general operations of the data storage device 340. The con-
troller 360 may control the general operations of the data
storage device 340 through driving of a firmware or a soft-
ware which is loaded on a working memory device (not
shown). The controller 360 may be configured to control the
nonvolatile memory device 350 in response to a request from
the host device 310. For example, the controller 360 may be
configured to control the read, program (or write) and erase
operations of the nonvolatile memory device 350.

[0118] The interface unit 370 may be configured to inter-
face the data storage device 340 and the host device 310. For
instance, the interface unit 370 may perform an interfacing
function through the same protocol as the protocol of the
interface unit 330 of the host device 310.

[0119] The power supplier 380 may be configured to pro-
vide the external power inputted from an external device, to
the inside of the data storage device 340. For example, the
power supplier 380 may supply controller power PWR_C3
generated on the basis of the external power, to the controller
360. The power supplier 380 may supply memory power
PWR_M3 generated on the basis of the external power, to the
nonvolatile memory device 350. Moreover, the power sup-
plier 380 may supply interface power PWR_I3 generated on
the basis of the external power, to the interface unit 370.
[0120] The power supplier 380 may supply or interrupt the
interface power PWR_I3 in response to an interface power
signal IF_PWR3 which is provided from the controller 360.
For example, the power supplier 380 may supply the interface
power PWR_I3 to the interface unit 370 when the interface
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power signal IF_PWR3 is activated. In other examples, the
power supplier 380 may interrupt the supply of the interface
power PWR_I3 when the interface power signal IF_PWR3 is
deactivated.

[0121] In the case where the host device 310 enters the
power saving mode, the operation of the interface unit 370
may not be necessary. If the host device 310 provides the
power saving mode entry signal, the controller 360 may deac-
tivate the interface power signal IF_PWR3 according to the
power saving mode entry signal. Namely, the interface power
signal IF_PWR3 may be provided to the power supplier 380
according to the power saving mode entry signal which is
provided when the host device 310 operates at the power
saving mode. This means that, while the host device 310 and
the data storage device 340 operate at the power saving mode,
power supply to the interface unit 370 is interrupted and thus
the power consumed by the interface unit 370 may be
reduced.

[0122] FIG. 8 is a block diagram showing examples of the
interface unit and the power supplier included in the data
storage device of FIG. 7.

[0123] The interface unit 370 may include a transmission/
reception block 371, a phase-locked loop (PLL) block 372,
and a squelch block 373.

[0124] The transmission/reception block 371 may be con-
figured to generate a signal to be transmitted through the
signal line SGN3 for signal transmission to the interface unit
330 of the host device 310, and transmit the generated signal.
Also, the transmission/reception block 371 may be config-
ured to receive the signal transmitted through the signal line
SGN3.

[0125] The PLL block 372 may be configured to generate a
clock which is needed for the signal transmission of the
interface unit 370.

[0126] The squelch block 373 may be configured to sense
the voltage level of the signal transmitted through the signal
line SGN3, and determine whether the transmitted signal is a
valid signal or an invalid signal (for example, noise), accord-
ing to a sensing result.

[0127] The transmission/reception block 371, the PLL
block 372 and the squelch block 373 may be physical blocks
which include analog circuits. For this reason, the interface
unit 370 may be referred to as a PHY unit (or a PHY block).
[0128] The power supplier 380 may include a control block
381, a first power generation block 382, a second power
generation block 383, and a third power generation block 384.
[0129] The control block 381 may be configured to control
the first power generation block 382 according to a control
signal (not shown) provided from the controller 360. The first
power generation block 382 may be configured to generate
the controller power PWR_C3 according to the control of the
control block 381, and supply the generated controller power
PWR_C3 to the controller 360.

[0130] The control block 381 may be configured to control
the second power generation block 383 according to a control
signal (not shown) provided from the controller 360. The
second power generation block 383 may be configured to
generate the memory power PWR_M3 according to the con-
trol of the control block 381, and supply the generated
memory power PWR_M3 to the nonvolatile memory device
350.

[0131] The control block 381 may be configured to control
the third power generation block 384 according to the inter-
face power signal IF_PWR3 provided from the controller
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360. The third power generation block 384 may be configured
to generate the interface power PWR_I3 when the interface
power signal IF_PWR3 is activated, and supply the generated
interface power PWR_I3 to the interface unit 370. The third
power generation block 384 not only may not generate the
interface power PWR_I3 but also may interrupt the supply of
the interface power PWR_I3, when the interface power signal
IF_PWR3 is deactivated.

[0132] FIG. 9 is a timing diagram explaining operations of
the data processing system of FIG. 7. The waveforms of
control signals and power in the case where the host device
310 and the data storage device 340 operate in an active mode
ACTM and a power saving mode PSM will be described
below with reference to FIGS. 7 t0 9.

[0133] In the case where the host device 310 is converted
from the active mode ACTM into the power saving mode
PSM, the controller 320 of the host device 310 may provide a
power saving mode entry request PS3 to the data storage
device 340. The power saving mode entry request PS3 may be
provided in the form of a command through the signal line
SGN3.

[0134] The controller 360 of the data storage device 340
may deactivate (i.e., DISABLE) the interface power signal
IF_PWR3 when the power saving mode entry request PS3 is
provided. Also, the controller 360 of the data storage device
340 may provide the deactivated interface power signal
IF_PWR3 to the power supplier 380.

[0135] When the deactivated interface power signal
IF_PWR3 is provided, the power supplier 380 not only may
not generate the interface power PWR_I3 (for instance, 0V is
shown), but also may interrupt the interface power PWR_I3
being supplied to the interface unit 370. While the interface
power PWR_I3 is shown as a voltage value (Vi3 or a ground
voltage of OV) in FIG. 9, the interface power PWR_I3 may
mean a voltage or current value. Ifthe interface power PWR _
13 supplied to the interface unit 370 is interrupted as in a
period IF_OFF, since the interface unit 370 does not operate
any more, the power consumed while the host device 310 and
the data storage device 340 operate in the power saving mode
PSM may be reduced.

[0136] In the case where the host device 310 is converted
from the power saving mode PSM into the active mode
ACTM, the controller 320 of the host device 310 may reset (or
initialize) the data storage device 340. In this case, the con-
troller 320 may provide the activated reset signal RST3 (i.e.,
ENABLE) to the data storage device 340 through the signal
line SGN3.

[0137] The controller 360 of the data storage device 340
may perform a reset (or initializing) operation in response to
the reset signal RST3. If the reset (or initializing) operation is
performed, the deactivated interface power signal IF_PWR3
may be activated to an initialized state. The controller 360 of
the data storage device 340 may provide the activated inter-
face power signal IF_PWR3 to the power supplier 380 after
the reset (or initializing) operation.

[0138] When the activated interface power signal
IF_PWR3 is provided, the power supplier 380 may generate
the interface power PWR_I3, and may supply the generated
interface power PWR_I3 to the interface unit 370. That is to
say, power may be supplied again to the interface unit 370 of
the data storage device 340 by the reset signal RST3.

[0139] Although notshown, ifthe power saving mode entry
request PS3 is provided to the data storage device 340, the
power supplier 380 may be changed to a power saving state or
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a standby state according to the control of the controller 360.
As the power supplier 380 is changed to the power saving
state or the standby state, power consumption may be
reduced. Moreover, if the reset signal RST3 is provided to the
data storage device 340, the power supplier 380 may be
changed to an initialized state or a normal state according to
the control of the controller 360.

[0140] FIG. 10 is a block diagram showing examples of a
data processing system in accordance with an embodiment of
the present disclosure. Referring to FIG. 10, a data processing
system 400 may include a host device 410, and a data storage
device 440.

[0141] For instance, the host device 410 may include por-
table electronic devices such as a mobile phone, an MP3
player, a digital camera and a laptop computer, or electronic
devices such as a desktop computer, a game player, a TV, a
beam projector and a car entertainment system.

[0142] The host device 410 may include a controller 420
and an interface unit 430. While it is shown that the interface
unit430is disposed outside the controller 420, itis to be noted
that the interface unit 430 may be included in the controller
420.

[0143] The controller 420 may be configured to control the
general operations of the host device 410. The controller 420
may control the general operations of the host device 410
through driving of a firmware or a software which is loaded on
a working memory device (not shown).

[0144] The interface unit 430 may be configured to inter-
face the host device 410 and the data storage device 440. For
instance, the interface unit 430 may perform an interfacing
function through one of various interface protocols such as an
universal flash storage (UFS) protocol, an universal serial bus
(USB) protocol, a multimedia card (MMC) protocol, a
peripheral component interconnection (PCI) protocol, a PCI-
express (PCI-E) protocol, a parallel advanced technology
attachment (PATA) protocol, a serial advanced technology
attachment (SATA) protocol, a small computer system inter-
face (SCSI) protocol, and a serial attached SCSI (SAS) pro-
tocol.

[0145] The controller 420 may be configured to provide an
access request (for example, a write request) and data to the
data storage device 440, to store data in the data storage
device 440. The controller 420 may be configured to provide
an access request (for example, a read request) to the data
storage device 440, to read data stored in the data storage
device 440, and may be configured to be provided with data
from the data storage device 440. Also, the controller 420 may
be configured to provide various control requests for control-
ling the data storage device 440, which are not associated with
the input and output of data, to the data storage device 440.
Such access requests, data and control requests may be trans-
ferred to the data storage device 440 according to the protocol
of the interface unit 430. Such access requests, data and
control requests may be transmitted through a signal line
SGN4 between the interface unit 430 of the host device 410
and an interface unit 470 of the data storage device 440.
[0146] The controller 420 may control the power saving
mode of the host device 410. That is to say, the controller 420
may control the host device 410 to enter a power saving mode
such as a sleep mode and a power-down mode when there is
no task to be processed.

[0147] When the host device 410 enters the power saving
mode, the controller 420 may control the data storage device
440 to also enter a power saving mode. For instance, the
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controller 420 may provide a power saving mode entry
request as one of the control requests, to the data storage
device 440. Power supply to the interface unit 470 of the data
storage device 440 may be interrupted by the power saving
mode entry request. In the case where the host device 410
enters an active mode from the power saving mode, the con-
troller 420 may initialize or reset the data storage device 440.
In this case, the controller 420 may provide a reset signal
RST4 to the data storage device 440 through the signal line
SGN4. Power supply to the interface unit 470 of the data
storage device 440 may be restarted by the reset signal RST4.
[0148] The data storage device 440 may be configured to
operate in response to a request from the host device 410. The
data storage device 440 may be configured to store the data
accessed by the host device 410. In other words, the data
storage device 440 may be used as a memory device of the
host device 410.

[0149] The data storage device 440 may be fabricated as
any one of various kinds of storage devices, according to the
protocol of the interface unit 470. For example, the data
storage device 440 may be configured as any one of various
kinds of storage devices such as a solid state drive, a multi-
media card in the form of an MMC, an eMMC, an RS-MMC
and a micro-MMC, a secure digital card in the form of an SD,
a mini-SD and a micro-SD, an universal serial bus (USB)_
storage device, an universal flash storage (UFS) device, a
personal computer memory card international association
(PCMCIA) card, a compact flash (CF) card, a smart media
card, and a memory stick.

[0150] The data storage device 440 may be fabricated as
any one of various kinds of packages. For example, the data
storage device 440 may be fabricated as any one of various
kinds of package types such as a package on package (POP),
a system in package (SIP), a system on chip (SOC), a multi-
chip package (MCP), a chip on board (COB), a wafer-level
fabricated package (WFP), and a wafer-level stack package
(WSP).

[0151] The data storage device 440 may include a nonvola-
tile memory device 450, a controller 460, the interface unit
470, and a power supplier 480. While it is shown that the
interface unit 470 and the power supplier 480 are disposed
outside the controller 460, it is to be noted that the interface
unit 470 and the power supplier 480 may be included in the
controller 460.

[0152] The nonvolatile memory device 450 may operate as
the storage medium of the data storage device 440. The non-
volatile memory device 450 may be constituted by any one of
various types of nonvolatile memory devices such as a NAND
type flash memory device, a NOR type flash memory device,
a ferroelectric random access memory (FRAM) device using
ferroelectric capacitors, a magnetic random access memory
(MRAM) device using a tunneling magneto-resistive (ITMR)
layer, a phase change random access memory (PRAM) device
using a chalcogenide alloy, and a resistive random access
memory (ReRAM) device using a transition metal oxide. The
nonvolatile memory device 450 may be constituted by a com-
bination of a NAND type flash memory device and one or
more of the various types of nonvolatile memory devices
described above.

[0153] The controller 460 may be configured to control the
general operations of the data storage device 440. The con-
troller 460 may control the general operations of the data
storage device 440 through driving of a firmware or a soft-
ware which is loaded on a working memory device (not
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shown). The controller 460 may be configured to control the
nonvolatile memory device 450 in response to a request from
the host device 410. For example, the controller 460 may be
configured to control the read, program (or write) and erase
operations of the nonvolatile memory device 450.

[0154] The interface unit 470 may be configured to inter-
face the data storage device 440 and the host device 410. For
instance, the interface unit 470 may perform an interfacing
function through the same protocol as the protocol of the
interface unit 430 of the host device 410.

[0155] The power supplier 480 may be configured to pro-
vide the external power inputted from an external device, to
the inside of the data storage device 440. For example, the
power supplier 480 may supply controller power PWR_C4
generated on the basis of the external power, to the controller
460. The power supplier 480 may supply memory power
PWR_M4 generated on the basis of the external power, to the
nonvolatile memory device 450. While not shown, the power
supplier 480 may generate the controller power PWR_C4 and
the memory power PWR_M4 according to the control signals
provided from the controller 460.

[0156] The interface unit 470 may include a power block
(not shown) for generating power to be used therein. The
power block included in the interface unit 470 may supply or
interrupt internal power in response to an interface power
signal IF_PWR4 which is provided from the controller 460.
For example, the power block included in the interface unit
470 may generate internal power when the interface power
signal IF_PWRA4 is activated, and may supply generated inter-
nal power to the interface unit 470. In other examples, the
power block included in the interface unit 470 not only may
not generate internal power but also may interrupt power
being supplied to the function block of the interface unit 470,
when the interface power signal IF_PWRA4 is deactivated.

[0157] In the case where the host device 410 enters the
power saving mode, the operation of the interface unit 470
may not be necessary. If the host device 410 provides the
power saving mode entry signal, the controller 460 may deac-
tivate the interface power signal IF_PWR4 according to the
power saving mode entry signal. Namely, the interface power
signal IF_PWR4 may be provided to the interface unit 470
according to the power saving mode entry signal which is
provided when the host device 410 operates at the power
saving mode. This means that, while the host device 410 and
the data storage device 440 operate at the power saving mode,
power supply to the interface unit 470 is interrupted and thus
the power consumed by the interface unit 470 may be
reduced.

[0158] FIG.11isablock diagram showing examples of the
interface unit included in the data storage device of FIG. 10.

[0159] The interface unit 470 may include a transmission/
reception block 471, a phase-locked loop (PLL) block 472, a
squelch block 473, and a power block 474.

[0160] The transmission/reception block 471 may be con-
figured to generate a signal to be transmitted through the
signal line SGN4 for signal transmission to the interface unit
430 of the host device 410, and transmit the generated signal.
Also, the transmission/reception block 471 may be config-
ured to receive the signal transmitted through the signal line
SGN4.

[0161] The PLL block 472 may be configured to generate a
clock which is needed for the signal transmission of the
interface unit 470.
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[0162] The squelch block 473 may be configured to sense
the voltage level of the signal transmitted through the signal
line SGN4, and determine whether the transmitted signal is a
valid signal or an invalid signal (for example, noise), accord-
ing to a sensing result.

[0163] The transmission/reception block 471, the PLL
block 472 and the squelch block 473 may be physical blocks
which include analog circuits. For this reason, the interface
unit 470 may be referred to as a PHY unit (or a PHY block).
[0164] Thepower block 474 may be configured to generate
power to be supplied to the internal function blocks 471, 472
and 473 of the interface unit 470, on the basis of the external
power, and supply generated power. For example, the power
block 474 may be configured to generate transmission/recep-
tion block power PWR_TR4, and supply the generated trans-
mission/reception block power PWR_TR4 to the transmis-
sion/reception block 471. In other examples, the power block
474 may be configured to generate PLL block power PWR _
P4, and supply the generated PLL block power PWR_P4 to
the PLL block 472. In other examples, the power block 474
may be configured to generate squelch block power PWR_
S4, and supply the generated squelch block power PWR_S4
to the squelch block 473.

[0165] Thepower block 474 may be configured to generate
the power PWR_TR4, PWR_P4 and PWR_S4 to be supplied
to the internal function blocks 471, 472 and 473 of the inter-
face unit 470 according to the interface power signal
IF_PWR4 which is provided from the controller 460, and
supply the generated power PWR_TR4, PWR_P4 and PWR_
S4 to the internal function blocks 471, 472 and 473. For
example, the power block 474 may be configured to generate
the power PWR_TR4,PWR_P4 and PWR_S4 and supply the
generated power PWR_TR4, PWR_P4 and PWR_S4 to the
respective internal function blocks 471, 472 and 473, when
the interface power signal IF_PWR4 is activated. In other
examples, the power block 474 not only may not generate the
power PWR_TR4, PWR_P4 and PWR_S4 but also may inter-
rupt the supply of the power PWR_TR4,PWR_P4and PWR _
S4, when the interface power signal [F_PWR4 is deactivated.
[0166] FIG.12is atiming diagram explaining operations of
the data processing system of FIG. 10. The waveforms of
control signals and the internal power of the interface unit 470
in the case where the host device 410 and the data storage
device 440 operate in an active mode ACTM and a power
saving mode PSM will be exemplarily described below with
reference to FIGS. 10 to 12.

[0167] In the case where the host device 410 is converted
from the active mode ACTM into the power saving mode
PSM, the controller 420 of the host device 410 may provide a
power saving mode entry request PS4 to the data storage
device 440. The power saving mode entry request PS4 may be
provided in the form of a command through the signal line
SGN4.

[0168] The controller 460 of the data storage device 440
may deactivate (i.e., DISABLE) the interface power signal
IF_PWR4 when the power saving mode entry request PS4 is
provided. Also, the controller 460 of the data storage device
440 may provide the deactivated interface power signal
IF_PWR4 to the interface unit 470.

[0169] When the deactivated interface power signal
IF_PWRA4 is provided, the power block 474 of the interface
unit 470 not only may not generate the power PWR_TR4,
PWR_P4 and PWR_S4 (for instance, OV is shown) to be
supplied to the internal function blocks 471, 472 and 473, but
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also may interrupt the power PWR_TR4, PWR_P4 and
PWR_S4 being supplied to the internal function blocks 471,
472 and 473. While the power PWR_TR4, PWR_P4 and
PWR_S4 to be supplied to the internal function blocks 471,
472 and 473 is shown as voltage values (Vtrd, Vp4 and Vs4 or
a ground voltage of OV) in FIG. 12, the power PWR_TR4,
PWR_P4 and PWR_S4 may mean voltage or current values.
If the power PWR_TR4, PWR_P4 and PWR_S4 to be sup-
plied to the internal function blocks 471, 472 and 473 of the
interface unit 470 is interrupted as in a period IF_OFF, since
the interface unit 470 does not operate any more, the power
consumed while the host device 410 and the data storage
device 440 operate in the power saving mode PSM may be
reduced.
[0170] In the case where the host device 410 is converted
from the power saving mode PSM into the active mode
ACTM, the controller 420 of the host device 410 may reset (or
initialize) the data storage device 440. In this case, the con-
troller 420 may provide the activated (i.e., ENABLE) reset
signal RST4 to the data storage device 440 through the signal
line SGN4.
[0171] The controller 460 of the data storage device 440
may perform a reset (or initializing) operation in response to
the reset signal RST4. If the reset (or initializing) operation is
performed, the deactivated interface power signal IF_PWR4
may be activated to an initialized state. The controller 460 of
the data storage device 440 may provide the activated inter-
face power signal IF_PWRA4 to the interface unit 470 after the
reset (or initializing) operation.
[0172] The power block 474 of the interface unit 470 may
generate the power PWR_TR4, PWR_P4 and PWR_S4 to be
supplied to the internal function blocks 471, 472 and 473
when the activated interface power signal IF_PWR4 is pro-
vided, and may supply the generated power PWR_TR4,
PWR_P4 and PWR_S4 to the respective internal function
blocks 471, 472 and 473.
[0173] Although not shown, ifthe power saving mode entry
request PS4 is provided to the data storage device 440, the
power supplier 480 may be changed to a power saving state or
a standby state according to the control of the controller 460.
As the power supplier 480 is changed to the power saving
state or the standby state, power consumption may be
reduced. Moreover, if the reset signal RST4 is provided to the
data storage device 440, the power supplier 480 may be
changed to an initialized state or a normal state according to
the control of the controller 460.
[0174] While various embodiments have been described
above, it will be understood to those skilled in the art that the
embodiments described are by way of example only. Accord-
ingly, the data storage device and the data processing system
including the same described herein should not be limited
based on the described embodiments. Rather, the data storage
device and the data processing system including the same
described herein should only be limited in light of the claims
that follow when taken in conjunction with the above descrip-
tion and accompanying drawings.
What is claimed is:
1. A data processing system comprising:
a host device; and
a data storage device including an interface unit which is
configured to interface with the host device, and config-
ured to store data provided from the host device or pro-
vide data to the host device, in response to a request from
the host device,
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wherein the data storage device is configured to interrupt
power supply to the interface unit while the host device
operates in a power saving mode.

2. The data processing system according to claim 1,

wherein the host device is configured to activate an inter-

face control signal while operating in the power saving
mode, and

wherein the data storage device is configured to interrupt

power supply to the interface unit according to the acti-
vated interface control signal.

3. The data processing system according to claim 2,
wherein the host device is configured to provide a power
saving mode entry request for controlling the data storage
device to operate in the power saving mode, to the data
storage device when the host device is converted from an
active mode to the power saving mode.

4. The data processing system according to claim 3,
wherein the host device is configured to activate the interface
control signal after providing the power saving mode entry
request.

5. The data processing system according to claim 1,

wherein the host device is configured to deactivate the

interface control signal while operating in an active
mode, and

wherein the data storage device is configured to supply

power to the interface unit according to the deactivated
interface control signal.

6. The data processing system according to claim 5,
wherein the host device is configured to provide an active
mode entry request for controlling the data storage device to
operate in the active mode, to the data storage device when the
host device is converted from the power saving mode to the
active mode.

7. The data processing system according to claim 6,
wherein the host device is configured to deactivate the inter-
face control signal at the same time with providing the active
mode entry request.

8. The data processing system according to claim 1,
wherein the host device is configured to provide a reset signal
for resetting the data storage device when being converted
from the power saving mode to an active mode.

9. The data processing system according to claim 8,
wherein the data storage device is configured to restart a
power supply to the interface unit, according to the reset
signal.

10. A data storage device comprising:
a nonvolatile memory device;

a controller configured to store data provided from a host
device, in the nonvolatile memory device, or provide
data read from the nonvolatile memory device, to the
host device, in response to a request from the host
device;

an interface unit configured to interface the host device and
the controller; and

a power supplier configured to supply power to the non-
volatile memory device, the controller and the interface
unit according to control of the controller,

wherein the controller is configured to control the power
supplier in such a manner that power supply to the inter-
face unit is interrupted while operating in a power saving
mode.
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11. The data storage device according to claim 10,

wherein the controller deactivates an interface power sig-
nal for controlling power supply to the interface unit,
after a power saving mode entry request is provided
from the host device, and

wherein the power supplier is configured to not generate
power to be supplied to the interface unit, according to
the deactivated interface power signal.

12. The data storage device according to claim 11, wherein
the controller is configured to deactivate the interface power
signal according to an activated interface control signal which
is provided from the host device after the power saving mode
entry request is provided.

13. The data storage device according to claim 11,

wherein the controller activates the interface power signal
after an active mode entry request is provided from the
host device, and

wherein the power supplier is configured to restart power
supply to the interface unit according to the activated
interface power signal.

14. The data storage device according to claim 11,

wherein the controller activates the interface power signal
when a reset signal is provided from the host device, and

wherein the power supplier is configured to restart power
supply to the interface unit according to the activated
interface power signal.

15. A data storage device comprising:

a nonvolatile memory device;

a controller configured to store data provided from a host
device, in the nonvolatile memory device, or provide
data read from the nonvolatile memory device, to the
host device, in response to a request from the host
device; and

an interface unit including a power block for generating
power to be internally used, and configured to interface
the host device and the controller,
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wherein the controller is configured to control the power
block in such a manner that power supply to the interface
unit is interrupted while operating in a power saving
mode.
16. The data storage device according to claim 15,
wherein the controller deactivates an interface power sig-
nal for controlling power supply to the interface unit,
after a power saving mode entry request is provided
from the host device, and
wherein the power block is configured to not generate
power to be supplied to a function block of the interface
unit, according to the deactivated interface power signal.
17. The data storage device according to claim 16, wherein
the controller is configured to deactivate the interface power
signal according to an activated interface control signal which
is provided from the host device after the power saving mode
entry request is provided.
18. The data storage device according to claim 16,
wherein the controller activates the interface power signal
after an active mode entry request is provided from the
host device, and
wherein the power block is configured to restart power
supply to the function block of the interface unit accord-
ing to the activated interface power signal.
19. The data storage device according to claim 16,
wherein the controller activates the interface power signal
when to a reset signal is provided from the host device,
and
wherein the power block is configured to restart power
supply to the function block of the interface unit accord-
ing to the activated interface power signal.
20. The data storage device according to claim 15, further
comprising:
a power supplier configured to supply power to the non-
volatile memory device and the controller according to
control of the controller.
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