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SEMICONDUCTOR DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
U.S.C 119(a) to Korean Patent Application No. 10-2016-
0167361, filed on Dec. 9, 2016, which is incorporated herein
by reference in its entirety.

BACKGROUND

1. Technical Field

[0002] Embodiments of the present disclosure relate to
semiconductor devices capable of adjusting a point of time
when a power-down mode starts.

2. Related Art

[0003] A semiconductor device operating in synchroniza-
tion with a clock signal may include a clock generation
circuit that receives an external clock signal and that gen-
erates an internal clock signal used in the semiconductor
device based on the external clock signal. Typically, the
clock generation circuit may be any one of a delay locked
loop (DLL) circuit and a phase locked loop (PLL) circuit.
[0004] Meanwhile, a semiconductor device may be
designed to operate in a power-down mode for reducing
power consumption. When the semiconductor device main-
tains a turn-on state without performing any operations, the
semiconductor device may enter the power-down mode to
reduce power consumption. For example, a semiconductor
memory device among semiconductor devices may enter the
power-down mode to prevent unnecessary circuits from
operating while data are not inputted to the semiconductor
memory device or are not outputted from the semiconductor
memory device. In addition, although external electric
power is applied to the semiconductor memory device in the
power-down mode, the semiconductor memory device does
not generate an internal clock signal in the power-down
mode in order to reduce power consumption.

SUMMARY

[0005] Various embodiments are directed to semiconduc-
tor devices capable of adjusting a point of time when a
power-down mode starts according to an operation speed.
[0006] According to an embodiment, a semiconductor
device includes a flag signal generation circuit and a power-
down signal generation circuit. The flag signal generation
circuit generates a flag signal which is enabled in response
to an operational frequency information signal. The power-
down signal generation circuit generates a power-down
signal for controlling input of a command in response to the
flag signal and a clock enablement signal. A point of time
that the power-down signal is generated is adjusted in
response to the flag signal.

[0007] According to another embodiment, a semiconduc-
tor device includes a flag signal generation circuit and a
power-down signal generation circuit. The flag signal gen-
eration circuit generates first to third flag signals in response
to an operational frequency information signal. The power-
down signal generation circuit generates a power-down
signal for controlling input of a command in response to the
first to third flag signals and a clock enablement signal. A
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point of time that the power-down signal is generated is
adjusted in response to the first to third flag signals.
[0008] According to yet another embodiment, a semicon-
ductor device includes an operational frequency information
generation circuit configured to detect a frequency of a clock
signal to generate an operational frequency information
signal including information on an operation speed, a flag
signal generation circuit configured to generate a flag signal
which is enabled in response to the operational frequency
information signal, and a power-down signal generation
circuit configured to generate a power-down signal for
controlling input of a command in response to the flag signal
and a clock enablement signal. A point of time that the
power-down signal is generated is adjusted in response to
the flag signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various embodiments of the present disclosure will
become more apparent in view of the attached drawings and
accompanying detailed description, in which:

[0010] FIG. 1 is a block diagram illustrating a configura-
tion of a semiconductor device according to an embodiment;
[0011] FIG. 2 is a block diagram illustrating a power-down
signal generation circuit included in the semiconductor
device illustrated in FIG. 1 according to an embodiment;
[0012] FIG. 3 is a block diagram illustrating a power-
down signal generation circuit included in the semiconduc-
tor device illustrated in FIG. 1 according to another embodi-
ment;

[0013] FIG. 4 is a block diagram illustrating a power-
down signal generation circuit included in the semiconduc-
tor device illustrated in FIG. 1 according to yet another
embodiment;

[0014] FIG. 5is a timing diagram illustrating an operation
of the semiconductor device illustrated in FIG. 1 according
to an embodiment;

[0015] FIG. 6 is a block diagram illustrating a configura-
tion of a semiconductor device according to another embodi-
ment;

[0016] FIG. 7 is a block diagram illustrating a power-
down signal generation circuit included in the semiconduc-
tor device illustrated in FIG. 6 according to an embodiment;
[0017] FIG. 8 is a block diagram illustrating a power-
down signal generation circuit included in the semiconduc-
tor device illustrated in FIG. 6 according to another embodi-
ment;

[0018] FIG. 9 is a block diagram illustrating a power-
down signal generation circuit included in the semiconduc-
tor device illustrated in FIG. 6 according to yet another
embodiment;

[0019] FIG. 10 is a timing diagram illustrating an opera-
tion of the semiconductor device illustrated in FIG. 6
according to an embodiment; and

[0020] FIG. 11 is a block diagram illustrating a configu-
ration of an electronic system employing at least one of the
semiconductor devices illustrated in FIGS. 1 to 10.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0021] Various embodiments of the present disclosure will
be described hereinafter with reference to the accompanying
drawings. However, the embodiments described herein are
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for illustrative purposes only and are not intended to limit
the scope of the present disclosure.

[0022] FIG. 1 is a block diagram illustrating a configura-
tion of a semiconductor device according to an embodiment.
The semiconductor device may include an operational fre-
quency information generation circuit 10, a flag signal
generation circuit 20, a power-down signal generation cir-
cuit 30, and an internal circuit 40.

[0023] The operational frequency information generation
circuit 10 may detect a frequency of a clock signal CLK and
generate an operational frequency information signal FIF,
which includes information on an operation speed, the
operation speed being determined based on the detected
frequency. The operational frequency information genera-
tion circuit 10 may generate the operational frequency
information signal FIF, which may include information on a
high operation speed or a low operation speed. The opera-
tional frequency information generation circuit 10 may
detect the toggling of the clock signal CLK during a pre-
determined period to generate the operational frequency
information signal FIF, which includes the information on
the operation speed.

[0024] The operational frequency information generation
circuit 10 may generate the operational frequency informa-
tion signal FIF using a mode register set (MRS). For
example, the operational frequency information generation
circuit 10 may generate the operational frequency informa-
tion signal FIF according to the operation speed of the
semiconductor device that is set by the MRS. In an embodi-
ment, when the frequency of the clock signal CLK is greater
than or equal to a preset frequency, the operation speed of
the semiconductor device is determined to be the high
operation speed. On the other hand, when the frequency of
the clock signal CLK is less than the preset frequency, the
operation speed of the semiconductor device is determined
to be the low operation speed.

[0025] Although, as illustrated in FIG. 1, the operational
frequency information signal FIF is transmitted using a
single signal line, the operational frequency information
signal FIF may include a plurality of bits to provide various
kinds of information according to embodiments.

[0026] The flag signal generation circuit 20 may generate
a flag signal FLAG, which is enabled or disabled in response
to the operational frequency information signal FIF. The flag
signal generation circuit 20 may generate the flag signal
FLAG, which is enabled when the operational frequency
information signal FIF corresponds to one of the high
operation speed and the low operation speed. The flag signal
generation circuit 20 may generate the flag signal FLAG,
which is disabled when the operational frequency informa-
tion signal FIF corresponds to the other one of the high
operation speed and the low operation speed. A logic level
of the enabled flag signal FLAG may be set differently
according to embodiments. For example, the enabled flag
signal FLLAG may have a logic “high” level or a logic “low”
level.

[0027] In this embodiment, the flag signal generation
circuit 20 generates the enabled flag signal FLLAG when the
operational frequency information signal FIF corresponds to
the high operation speed, and generates the disabled flag
signal FLAG when the operational frequency information
signal FIF corresponds to the low operation speed.

[0028] The power-down signal generation circuit 30 may
generate a power-down signal PD for controlling the input
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of'a command CMD based on the flag signal FLLAG, a clock
enablement signal CKE, a rising clock signal RCLK, and a
falling clock signal FCLK. The power-down signal genera-
tion circuit 30 may detect a level transition of the clock
enablement signal CKE and generate the power-down signal
PD in response to the detected level transition. The power-
down signal generation circuit 30 may set a point of time
when the power-down signal PD is generated, in response to
the flag signal FLAG. The power-down signal generation
circuit 30 may delay the clock enablement signal CKE by a
first delay time period for generating the power-down signal
PD when the flag signal FLLAG is enabled. The power-down
signal generation circuit 30 may delay the clock enablement
signal CKE by a second delay time period for generating the
power-down signal PD when the flag signal FLAG is
disabled. The second delay time period may be longer than
the first delay time period.

[0029] The rising clock signal RCLK and the falling clock
signal FCLK may be generated by dividing the clock signal
CLK. The rising clock signal RCLK and the falling clock
signal FCLK may have a frequency that is lower than a
frequency of the clock signal CLK. The rising clock signal
RCLK may have a phase that is opposite to a phase of the
falling clock signal FCLK.

[0030] The clock enablement signal CKE may be used to
generate an internal clock signal of the semiconductor
device by indicating when the semiconductor device enters
a power-down mode and terminates the power-down mode.

[0031] The internal circuit 40 may perform an internal
operation according to a command CMD, which is synchro-
nized with the clock signal CLK, in response to the power-
down signal PD. The internal circuit 40 may perform the
internal operation according to the command CMD synchro-
nized with the clock signal CLK when the power-down
signal PD is disabled. The internal circuit 40 may interrupt
the input of the command CMD synchronized with the clock
signal CLK when the power-down signal PD is enabled. The
internal circuit 40 may enter the power-down mode and
terminate generation of the internal clock signal when the
power-down signal PD is enabled. The internal circuit 40
may include a memory circuit of a semiconductor device. In
an embodiment, the semiconductor device is a volatile
memory device or a nonvolatile memory device.

[0032] FIG. 2 is a block diagram illustrating a power-
down signal generation circuit 30g included in the semicon-
ductor device of FIG. 1 according to an embodiment. The
power-down signal generation circuit 30a may include a
pre-power-down signal generation circuit 311, a first delay
circuit 312, and a second delay circuit 313.

[0033] The pre-power-down signal generation circuit 311
may be synchronized with a rising clock signal RCLK and
a falling clock signal FCLK to generate a pre-power-down
signal PD_PRE in response to the clock enablement signal
CKE. The pre-power-down signal generation circuit 311
may generate the pre-power-down signal PD_PRE, which is
enabled or disabled depending on the level transition of the
clock enablement signal CKE. The rising clock signal
RCLK and the falling clock signal FCLK may be generated
by dividing the clock signal CLK. The rising clock signal
RCLK and the falling clock signal FCLK may have a
frequency that is lower than a frequency of the clock signal
CLK. The rising clock signal RCLK may have a phase that
is opposite to a phase of the falling clock signal FCLK.
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[0034] The first delay circuit 312 may delay the pre-
power-down signal PD_PRE by the first delay time period to
generate the power-down signal PD, in response to the flag
signal FLAG. The first delay circuit 312 may delay the
pre-power-down signal PD_PRE by the first delay time
period to generate the power-down signal PD when the flag
signal FLAG is enabled. The first delay circuit 312 may be
activated when the flag signal FLAG is enabled and delay
the pre-power-down signal PD_PRE by the first delay time
period to generate the power-down signal PD.

[0035] The second delay circuit 313 may delay the pre-
power-down signal PD_PRE by the second delay time
period in response to the flag signal FLAG to thereby
generate the power-down signal PD. The second delay
circuit 313 may delay the pre-power-down signal PD_PRE
by the second delay time period when the flag signal FLAG
is disabled. The second delay circuit 313 may be active when
the flag signal FLLAG is disabled and delay the pre-power-
down signal PD_PRE by the second delay time period to
generate the power-down signal PD.

[0036] FIG. 3 is a block diagram illustrating a power-
down signal generation circuit 305 included in the semicon-
ductor device of FIG. 1 according to another embodiment.
The power-down signal generation circuit 305 may include
a pre-power-down signal generation circuit 321, a signal
transmission circuit 322, a first delay circuit 323, and a
second delay circuit 324.

[0037] The pre-power-down signal generation circuit 321
may be synchronized with a rising clock signal RCLK and
a falling clock signal FCLK to generate a pre-power-down
signal PD_PRE in response to the clock enablement signal
CKE. The pre-power-down signal generation circuit 321
may be synchronized with the rising clock signal RCLK and
the falling clock signal FCLK to generate the pre-power-
down signal PD_PRE, which is enabled or disabled depend-
ing on the level transition of the clock enablement signal
CKE.

[0038] The signal transmission circuit 322 may include a
first switching circuit T31 and a second switching cir-
cuitT32.

[0039] The first switching circuit T31 may include a
transistor-type transfer gate. The first switching circuit T31
may output the pre-power-down signal PD_PRE as a first
transmission signal TS<1> in response to the flag signal
FLAG. The first switching circuit T31 may be turned on to
output the pre-power-down signal PD_PRE as the first
transmission signal TS<1> when the flag signal FLAG is
enabled. When it is enabled, the flag signal FLAG has a
logic “high” level.

[0040] The second switching circuit T32 may include a
transistor-type transfer gate. The second switching circuit
T32 may output the pre-power-down signal PD_PRE as a
second transmission signal TS<2> in response to the flag
signal FLAG. The second switching circuit T32 may be
turned on to output the pre-power-down signal PD_PRE as
the second transmission signal TS<2> when the flag signal
FLAG is disabled. When it is disabled, the flag signal FLAG
has a logic “low” level.

[0041] As described above, the signal transmission circuit
322 may output the pre-power-down signal PD_PRE as the
first transmission signal TS<1> or the second transmission
signal TS<2> in response to the flag signal FLAG. That is,
the signal transmission circuit 322 may output the pre-
power-down signal PD_PRE as the first transmission signal
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TS<1> when the flag signal FLAG is enabled, and the signal
transmission circuit 322 may output the pre-power-down
signal PD_PRE as the second transmission signal TS<2>
when the flag signal FLAG is disabled.

[0042] The first delay circuit 323 may delay the pre-
power-down signal PD_PRE by the first delay time period to
generate the power-down signal PD. The first delay circuit
323 may delay the pre-power-down signal PD_PRE by the
first delay time period and output the delayed pre-power-
down signal as the power-down signal PD.

[0043] The second delay circuit 324 may delay the pre-
power-down signal PD_PRE by the second delay time
period to generate the power-down signal PD. The second
delay circuit 324 may delay the pre-power-down signal
PD_PRE by the second delay time period and output the
delayed pre-power-down signal as the power-down signal
PD.

[0044] FIG. 4 is a block diagram illustrating a power-
down signal generation circuit 30c¢ included in the semicon-
ductor device of FIG. 1 according to yet another embodi-
ment. The power-down signal generation circuit 30¢ may
include a pre-power-down signal generation circuit 331, a
first delay circuit 332, a second delay circuit 333, and a
selection/transmission circuit 334.

[0045] The pre-power-down signal generation circuit 331
may be synchronized with the rising clock signal RCLK and
the falling clock signal FCLK to generate the pre-power-
down signal PD_PRE in response to the clock enablement
signal CKE. The pre-power-down signal generation circuit
331 may be synchronized with the rising clock signal RCLK
and the falling clock signal FCLK to generate the pre-power-
down signal PD_PRE, which is enabled or disabled depend-
ing on the level transition of the clock enablement signal
CKE.

[0046] The first delay circuit 332 may delay the pre-
power-down signal PD_PRE by the first delay time period to
generate a first delay signal DS<1>. The first delay circuit
332 may delay the pre-power-down signal PD_PRE by the
first delay time period to output the delayed pre-power-down
signal as the first delay signal DS<1>.

[0047] The second delay circuit 333 may delay the pre-
power-down signal PD_PRE by the second delay time
period to generate a second delay signal DS<2>. The second
delay circuit 333 may delay the pre-power-down signal
PD_PRE by the second delay time period to output the
delayed pre-power-down signal as the second delay signal
DS<2>.

[0048] The selection/transmission circuit 334 may output
one of the first and second delay signals DS<1:2> as the
power-down signal PD in response to the flag signal FLAG.
The selection/transmission circuit 334 may output the first
delay signal DS<1> as the power-down signal PD when the
flag signal FLAG is enabled. The selection/transmission
circuit 334 may output the second delay signal DS<2> as the
power-down signal PD when the flag signal FLAG is
disabled. The selection/transmission circuit 334 may include
a multiplexer.

[0049] An operation of the semiconductor device having
any of the aforementioned configurations illustrated in
FIGS. 1 to 4 will be described hereinafter with reference to
FIG. 5 in conjunction with examples in which the semicon-
ductor device operates at a high operation speed and a low
operation speed.



US 2018/0166110 Al

[0050] When the semiconductor device operates at the
high operation speed, the operational frequency information
generation circuit 10 may detect a frequency of the clock
signal CLK to generate the operational frequency informa-
tion signal FIF, which may include information on the high
operation speed. The flag signal generation circuit 20 may
generate the flag signal FLAG, which is enabled to have a
logic “high” level when the operational frequency informa-
tion signal FIF includes the information on the high opera-
tion speed.

[0051] In general, a point of time when the semiconductor
device enters the power-down mode may be set by gener-
ating the power-down signal PD during a set time period
tCPDED from a point of time when a command CMD for
entering the power-down mode is inputted. In FIG. 5, the set
time period tCPDED may be set to correspond to a time
period from a point of time “T2” when the command CMD
for entering the power-down mode is inputted to a point of
time “T5.”

[0052] At a point of time “T1,” the power-down signal
generation circuit 30 may be synchronized with the rising
clock signal RCLK and the falling clock signal FCLK to
detect a point of time when the clock enablement signal
CKE transitions from a logic “high” level to a logic “low”
level. That is, the power-down signal generation circuit 30
may detect when a level transition of the clock enablement
signal CKE occurs.

[0053] At the point of time “T2” following the point of
time “T1,” the command CMD for entering the power-down
mode may be inputted.

[0054] At a point of time “T3” following the point of time
“T2,” the power-down signal generation circuit 30 may
generate the power-down signal PD that is enabled by
delaying the clock enablement signal CKE by a first delay
time period corresponding to a time period from the point of
time “T1” to the point of time “T3” in response to the flag
signal FLLAG, which is enabled to have a logic “high” level.
[0055] The internal circuit 40 may interrupt the input of
the command CMD synchronized with the clock signal CLK
to enter the power-down mode, in response to the power-
down signal PD, which is enabled.

[0056] Meanwhile, when the semiconductor device oper-
ates at the low operation speed, the operational frequency
information generation circuit 10 may detect the frequency
of the clock signal CLK to generate the operational fre-
quency information signal FIF, which may include informa-
tion on the low operation speed. The flag signal generation
circuit 20 may generate the flag signal FLAG, which is
disabled to have a logic “low” level when the operational
frequency information signal FIF includes the information
on the low operation speed.

[0057] At the point of time “T1,” the power-down signal
generation circuit 30 may be synchronized with the rising
clock signal RCLK and the falling clock signal FCLK to
detect the point of time when the clock enablement signal
CKE transitions from the logic “high” level to the logic
“low” level. That is, the power-down signal generation
circuit 30 detects when a level transition of the clock
enablement signal CKE occurs.

[0058] At the point of time “T2,” the command CMD for
entering the power-down mode may be inputted.

[0059] At the point of time “T4” following the point of
time “T'3,” the power-down signal generation circuit 30 may
generate the power-down signal PD, which is enabled by
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delaying the clock enablement signal CKE by a second
delay time period corresponding to a time period from the
point of time “T1” to the point of time “T4,” in response to
the flag signal FLLAG, which is disabled and has a logic
“low” level.

[0060] The internal circuit 40 may interrupt the input of
the command CMD synchronized with the clock signal CLK
to enter the power-down mode, in response to the power-
down signal PD, which is enabled.

[0061] In the embodiment shown in FIG. 5, the point of
time “T5” follows the point of time “T4.”

[0062] As described above, the semiconductor devices
according to the embodiments shown in FIGS. 1 to 5 may
control a delay time period of the power-down signal PD
according to two different operation speeds of the semicon-
ductor devices in order to adjust a point of time when the
semiconductor device enter the power-down mode accord-
ing to the operation speed of the semiconductor devices.
[0063] FIG. 6 is a block diagram illustrating a configura-
tion of a semiconductor device according to another embodi-
ment. The semiconductor device may include an operational
frequency information generation circuit 50, a flag signal
generation circuit 60, a power-down signal generation cir-
cuit 70, and an internal circuit 80.

[0064] The operational frequency information generation
circuit 50 may detect a frequency of a clock signal CLK and
generate an operational frequency information signal FIF,
which includes information on an operation speed, the
operation speed being determined based on the detected
frequency. The operational frequency information genera-
tion circuit 50 may generate the operational frequency
information signal FIF, which includes information on a
high operation speed, a normal operation speed, or a low
operation speed. The operational frequency information
generation circuit 50 may detect the toggling of the clock
signal CLK during a predetermined time period to generate
the operational frequency information signal FIF, which
includes the information on the operation speed.

[0065] The operational frequency information generation
circuit 50 may generate the operational frequency informa-
tion signal FIF using a mode register set (MRS). For
example, the operational frequency information generation
circuit 50 may generate the operational frequency informa-
tion signal FIF according to the operation speed of the
semiconductor device, which is set by the MRS. In an
embodiment, when the frequency of the clock signal CLK is
greater than or equal to a first preset frequency, the operation
speed of the semiconductor device is determined to be the
high operation speed. When the frequency of the clock
signal CLK is less than the first preset frequency and greater
than or equal to a second preset frequency, the operation
speed of the semiconductor device is determined to be the
normal operation speed. When the frequency of the clock
signal CLK is less than the second preset frequency, the
operation speed of the semiconductor device is determined
to be the low operation speed. The first preset frequency is
higher than the second preset frequency.

[0066] Although the operational frequency information
signal FIF is illustrated to be transmitted using a single
signal line in FIG. 6, the operational frequency information
signal FIF may include a plurality of bits to provide various
kinds of information according to embodiments.

[0067] The flag signal generation circuit 60 may generate
first to third flag signals FLAG<1:3>, each of which is
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enabled or disabled in response to the operational frequency
information signal FIF. The flag signal generation circuit 60
may generate the first flag signal FLAG<1>, which is
enabled when the operational frequency information signal
FIF corresponds to the high operation speed. The flag signal
generation circuit 60 may generate the second flag signal
FLAG<2>, which is enabled when the operational frequency
information signal FIF corresponds to the normal operation
speed. The flag signal generation circuit 60 may generate the
third flag signal FLAG<3>, which is enabled when the
operational frequency information signal FIF corresponds to
the low operation speed. A logic level of each of the enabled
first to third flag signals FLAG<1:3> may be set differently
according to embodiments. For example, the enabled first to
third flag signals FLAG<1:3> may have a logic “high” level
or a logic “low” level.

[0068] The power-down signal generation circuit 70 may
generate a power-down signal PD for controlling the input
of a command CMD based on the first to third flag signals
FLLAG<1:3>, a clock enablement signal CKE, a rising clock
signal RCLK, and a falling clock signal FCLK. The power-
down signal generation circuit 70 may detect level transition
of the clock enablement signal CKE and generate the
power-down signal PD in response to the detected level
transition. The power-down signal generation circuit 70 may
set a point of time when the power-down signal PD is
generated, in response to the first to third flag signals
FLAG<1:3>. The power-down signal generation circuit 70
may delay the clock enablement signal CKE by a first delay
time period to generate the power-down signal PD when the
first flag signal FLAG<1> is enabled. The power-down
signal generation circuit 70 may delay the clock enablement
signal CKE by a second delay time period to generate the
power-down signal PD when the second flag signal
FLLAG<2> is enabled. The power-down signal generation
circuit 70 may delay the clock enablement signal CKE by a
third delay time period to generate the power-down signal
PD when the third flag signal FLAG<3> is enabled. The
second delay time period may be longer than the first delay
time period, and the third delay time period may be longer
than the second delay time period.

[0069] The internal circuit 80 may perform an internal
operation according to the command CMD, the command
CMD being synchronized with the clock signal CLK. The
internal circuit 80 may perform the internal operation
according to the command CMD synchronized with the
clock signal CLK when the power-down signal PD is
disabled. The internal circuit 80 may interrupt the input of
the command CMD when the power-down signal PD is
enabled. The internal circuit 80 may enter the power-down
mode and terminate generation of the internal clock signal
when the power-down signal PD is enabled. The internal
circuit 80 may include a memory circuit of a semiconductor
device. In an embodiment, the semiconductor device is a
volatile memory device or a nonvolatile memory device.
[0070] FIG. 7 is a block diagram illustrating a power-
down signal generation circuit 70a included in the semicon-
ductor device of FIG. 6 according to an embodiment. The
power-down signal generation circuit 70a may include a
pre-power-down signal generation circuit 711, a first delay
circuit 712, a second delay circuit 713, and a third delay
circuit 714.

[0071] The pre-power-down signal generation circuit 711
may be synchronized with a rising clock signal RCLK and
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a falling clock signal FCLK to generate a pre-power-down
signal PD_PRE in response to the clock enablement signal
CKE. The pre-power-down signal generation circuit 711
may generate the pre-power-down signal PD_PRE, which is
enabled or disabled depending on the level transition of the
clock enablement signal CKE. The rising clock signal
RCLK and the falling clock signal FCLK may be generated
by dividing the clock signal CLK. The rising clock signal
RCLK and the falling clock signal FCLK may have a
frequency that is lower than a frequency of the clock signal
CLK. The rising clock signal RCLK may have a phase that
is opposite to a phase of the falling clock signal FCLK.

[0072] The first delay circuit 712 may delay the pre-
power-down signal PD_PRE by the first delay time period to
generate the power-down signal PD, in response to the first
flag signal FLAG<1>. The first delay circuit 712 may delay
the pre-power-down signal PD_PRE by the first delay time
period to generate the power-down signal PD when the first
flag signal FLAG<1> is enabled. The first delay circuit 712
may be activated when the first flag signal FLAG<1> is
enabled and delay the pre-power-down signal PD_PRE by
the first delay time period to generate the power-down signal
PD.

[0073] The second delay circuit 713 may delay the pre-
power-down signal PD_PRE by the second delay time
period to generate the power-down signal PD, in response to
the second flag signal FLAG<2>. The second delay circuit
713 may delay the pre-power-down signal PD_PRE by the
second delay time period to generate the power-down signal
PD when the second flag signal FLAG<2> is enabled. The
second delay circuit 713 may be activated when the second
flag signal FLAG<2> is enabled and delay the pre-power-
down signal PD_PRE by the second delay time period to
generate the power-down signal PD.

[0074] The third delay circuit 714 may delay the pre-
power-down signal PD_PRE by the third delay time period
to generate the power-down signal PD, in response to the
third flag signal FLAG<3>. The third delay circuit 714 may
delay the pre-power-down signal PD_PRE by the third delay
time period to generate the power-down signal PD when the
third flag signal FLLAG<3> is enabled. The third delay circuit
714 may be activated when the third flag signal FLAG<3>
is enabled and delay the pre-power-down signal PD_PRE by
the third delay time period to generate the power-down
signal PD.

[0075] FIG. 8 is a block diagram illustrating a power-
down signal generation circuit 705 included in the semicon-
ductor device of FIG. 6 according to another embodiment.
The power-down signal generation circuit 705 may include
a pre-power-down signal generation circuit 721, a signal
transmission circuit 722, a first delay circuit 723, a second
delay circuit 724, and a third delay circuit 725.

[0076] The pre-power-down signal generation circuit 721
may be synchronized with a rising clock signal RCLK and
a falling clock signal FCLK to generate a pre-power-down
signal PD_PRE in response to the clock enablement signal
CKE. The pre-power-down signal generation circuit 721
may be synchronized with the rising clock signal RCLK and
the falling clock signal FCLK to generate the pre-power-
down signal PD_PRE, which is enabled or disabled depend-
ing on the level transition of the clock enablement signal
CKE.
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[0077] The signal transmission circuit 722 may include a
first switching circuit T71, a second switching circuit T72,
and a third switching circuit T73.

[0078] The first switching circuit T71 may include a
transistor-type transfer gate. The first switching circuit T71
may output the pre-power-down signal PD_PRE as a first
transmission signal TS<1> in response to the first flag signal
FLAG<1>. The first switching circuit T71 may be turned on
to output the pre-power-down signal PD_PRE as the first
transmission signal TS<1> when the first flag signal
FLAG<1>is enabled. When it is enabled, the first flag signal
FLAG<1> has a logic “high” level.

[0079] The second switching circuit T72 may include a
transistor-type transfer gate. The second switching circuit
T72 may output the pre-power-down signal PD_PRE as a
second transmission signal TS<2> in response to the second
flag signal FLAG<2>. The second switching circuit T72
may be turned on to output the pre-power-down signal
PD_PRE as the second transmission signal TS<2> when the
second flag signal FLAG<2> is enabled. When it is enabled,
the second flag signal FLLAG<2> has a logic “high” level.
[0080] The third switching circuit T73 may include a
transistor-type transter gate. The third switching circuit T73
may output the pre-power-down signal PD_PRE as a third
transmission signal TS<3> in response to the third flag
signal FLAG<3>. The third switching circuit T73 may be
turned on to output the pre-power-down signal PD_PRE as
the third transmission signal TS<3> when the third flag
signal FLAG<3> is enabled. When it is enabled, the third
flag signal FLAG<3> has a logic “high” level.

[0081] As described above, the signal transmission circuit
722 may output the pre-power-down signal PD_PRE as the
first transmission signal TS<1> in response to the first flag
signal FLLAG<1>, which is enabled. The signal transmission
circuit 722 may output the pre-power-down signal PD_PRE
as the second transmission signal TS<2> in response to the
second flag signal FLLAG<2>, which is enabled. The signal
transmission circuit 722 may output the pre-power-down
signal PD_PRE as the third transmission signal TS<3> in
response to the third flag signal FLAG<3>, which is
enabled.

[0082] The first delay circuit 723 may delay the pre-
power-down signal PD_PRE by the first delay time period to
generate the power-down signal PD. The first delay circuit
723 may delay the pre-power-down signal PD_PRE by the
first delay time period to output the delayed pre-power-down
signal as the power-down signal PD.

[0083] The second delay circuit 724 may delay the pre-
power-down signal PD_PRE by the second delay time
period to generate the power-down signal PD. The second
delay circuit 724 may delay the pre-power-down signal
PD_PRE by the second delay time period to output the
delayed pre-power-down signal as the power-down signal
PD.

[0084] The third delay circuit 725 may delay the pre-
power-down signal PD_PRE by the third delay time period
to generate the power-down signal PD. The third delay
circuit 725 may delay the pre-power-down signal PD_PRE
by the third delay time period to output the delayed pre-
power-down signal as the power-down signal PD.

[0085] FIG. 9 is a block diagram illustrating a power-
down signal generation circuit 70c¢ included in the semicon-
ductor device of FIG. 6 according to yet another embodi-
ment. The power-down signal generation circuit 70¢ may
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include a pre-power-down signal generation circuit 731, a
first delay circuit 732, a second delay circuit 733, a third
delay circuit 734, and a selection/transmission circuit 735.
[0086] The pre-power-down signal generation circuit 731
may be synchronized with a rising clock signal RCLK and
a falling clock signal FCLK to generate a pre-power-down
signal PD_PRE in response to the clock enablement signal
CKE. The pre-power-down signal generation circuit 731
may be synchronized with the rising clock signal RCLK and
the falling clock signal FCLK to generate the pre-power-
down signal PD_PRE, which is enabled or disabled depend-
ing on the level transition of the clock enablement signal
CKE.

[0087] The first delay circuit 732 may delay the pre-
power-down signal PD_PRE by the first delay time period to
generate a first delay signal DS<1>. The first delay circuit
732 may delay the pre-power-down signal PD_PRE by the
first delay time period to output the delayed pre-power-down
signal as the first delay signal DS<1>.

[0088] The second delay circuit 733 may delay the pre-
power-down signal PD_PRE by the second delay time
period to generate a second delay signal DS<2>. The second
delay circuit 733 may delay the pre-power-down signal
PD_PRE by the second delay time period to output the
delayed pre-power-down signal as the second delay signal
DS<2>.

[0089] The third delay circuit 734 may delay the pre-
power-down signal PD_PRE by the third delay time period
to generate a third delay signal DS<3>. The third delay
circuit 734 may delay the pre-power-down signal PD_PRE
by the third delay time period to output the delayed pre-
power-down signal as the third delay signal DS<3>.
[0090] The selection/transmission circuit 735 may output
one of the first to third delay signals DS<1:3> as the
power-down signal PD in response to the first to third flag
signals FLAG<1:3>. The selection/transmission circuit 735
may output the first delay signal DS<1> as the power-down
signal PD when the first flag signal FLAG<1> is enabled.
The selection/transmission circuit 735 may output the sec-
ond delay signal DS<2> as the power-down signal PD when
the second flag signal FLLAG<2> is enabled. The selection/
transmission circuit 735 may output the third delay signal
DS<3> as the power-down signal PD when the third flag
signal FLAG<3> is enabled. The selection/transmission
circuit 735 may include a multiplexer.

[0091] An operation of the semiconductor device having
any of the configurations illustrated in FIGS. 6 to 9 will be
described hereinafter with reference to FIG. 10 in conjunc-
tion with examples in which the semiconductor device
operates at a high operation speed, a normal operation speed,
and a low operation speed.

[0092] First, when the semiconductor device operates at
the high operation speed, the operational frequency infor-
mation generation circuit 50 may detect a frequency of the
clock signal CLK to generate the operational frequency
information signal FIF, which may include information on
the high operation speed. The flag signal generation circuit
60 may generate the first flag signal FLAG<1>, which is
enabled to have a logic “high” level when the operational
frequency information signal FIF includes the information
on the high operation speed.

[0093] In general, a point of time when the semiconductor
device enters the power-down mode may be set by gener-
ating the power-down signal PD during a set time period
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tCPDED from a point of time when a command CMD for
entering the power-down mode is inputted. In FIG. 10, the
set time period tCPDED may be set to correspond to a time
period from a point of time “T12” when the command CMD
for entering the power-down mode is inputted to a point of
time “T16.”

[0094] At a point of time “T11,” the power-down signal
generation circuit 70 may be synchronized with the rising
clock signal RCLK and the falling clock signal FCLK to
detect a point of time when the clock enablement signal
CKE transitions from a logic “high” level to a logic “low”
level. That is, the power-down signal generation circuit 70
may detect when a level transition of the clock enablement
signal CKE occurs.

[0095] At the point of time “T12” following the point of
time “T11,” the command CMD for entering the power-
down mode may be inputted.

[0096] At a point of time “T13” following the point of
time “T12,” the power-down signal generation circuit 70
may generate the power-down signal PD, which is enabled
by delaying the clock enablement signal CKE by the first
delay time period corresponding to a time period from the
point of time “T11” to the point of time “T13,” in response
to the first flag signal FLAG<1>, which is enabled to have
a logic “high” level.

[0097] The internal circuit 80 may interrupt the input of
the command CMD synchronized with the clock signal CLK
to enter the power-down mode, in response to the power-
down signal PD.

[0098] Next, when the semiconductor device operates at
the normal operation speed, the operational frequency infor-
mation generation circuit 50 may detect the frequency of the
clock signal CLK to generate the operational frequency
information signal FIF, which may include information on
the normal operation speed. The flag signal generation
circuit 60 may generate the second flag signal FLAG<2>,
which is enabled to have a logic “high” level when the
operational frequency information signal FIF includes the
information on the normal operation speed.

[0099] At the point of time “T11,” the power-down signal
generation circuit 70 may be synchronized with the rising
clock signal RCLK and the falling clock signal FCLK to
detect the point of time when the clock enablement signal
CKE transitions from the logic “high” level to the logic
“low” level. That is, the power-down signal generation
circuit 70 may detect when a level transition of the clock
enablement signal CKE occurs.

[0100] At the point of time “T12,” the command CMD for
entering the power-down mode may be inputted.

[0101] At a point of time “T14” following the point of
time “T13,” the power-down signal generation circuit 70
may generate the power-down signal PD, which is enabled
by delaying the clock enablement signal CKE by the second
delay time period corresponding to a time period from the
point of time “T11” to the point of time “T14,” in response
to the second flag signal FLLAG<2>, which is enabled to
have a logic “high” level.

[0102] The internal circuit 80 may interrupt the input of
the command CMD synchronized with the clock signal CLK
to enter the power-down mode, in response to the power-
down signal PD, which is enabled.

[0103] Next, when the semiconductor device operates at
the low operation speed, the operational frequency informa-
tion generation circuit 50 may detect the frequency of the
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clock signal CLK to generate the operational frequency
information signal FIF, which may include information on
the low operation speed. The flag signal generation circuit
60 may generate the third flag signal FLAG<3>, which is
enabled to have a logic “high” level when the operational
frequency information signal FIF includes the information
on the low operation speed.

[0104] At the point of time “T11,” the power-down signal
generation circuit 70 may be synchronized with the rising
clock signal RCLK and the falling clock signal FCLK to
detect the point of time when the clock enablement signal
CKE transitions from the logic “high” level to the logic
“low” level. That is, the power-down signal generation
circuit 70 may detect when a level transition of the clock
enablement signal CKE occurs.

[0105] At the point of time “T12,” the command CMD for
entering the power-down mode may be inputted.

[0106] At the point of time “T15” following the point of
time “T14,” the power-down signal generation circuit 70
may generate the power-down signal PD that is enabled by
delaying the clock enablement signal CKE by the third delay
time period corresponding to a time period from the point of
time “T11” to the point of time “T15,” in response to the
third flag signal FLLAG<3>, which is enabled to have a logic
“high” level.

[0107] The internal circuit 80 may interrupt the input of
the command CMD synchronized with the clock signal CLK
to enter the power-down mode, in response to the power-
down signal PD, which is enabled.

[0108] In the embodiment shown in FIG. 10, the point of
time “T16” follows the point of time “T15.”

[0109] As described above, the semiconductor devices
according to the embodiments shown in FIGS. 6 to 10 may
control a delay time period of the power-down signal PD
according to three different operation speeds of the semi-
conductor devices in order to adjust a point of time when the
semiconductor device enters the power-down mode accord-
ing to the operation speed of the semiconductor devices.
[0110] At least one of the semiconductor devices
described with reference to FIGS. 1 to 10 may be applied to
an electronic system that includes a memory system, a
graphic system, a computing system, a mobile system, or the
like. For example, as illustrated in FIG. 11, an electronic
system 1000 according an embodiment may include a data
storage circuit 1001, a memory controller 1002, a buffer
memory 1003, and an input/output (I/O) interface 1004.
[0111] The data storage circuit 1001 may store data trans-
mitted from the memory controller 1002, or may read and
output the stored data to the memory controller 1002, in
response to a control signal generated by the memory
controller 1002. The data storage circuit 1001 may include
at least one of the semiconductor devices illustrated in FIGS.
1 and 6. Meanwhile, the data storage circuit 1001 may
include a nonvolatile memory that can retain stored data
even when power supply is interrupted. The nonvolatile
memory may be a flash memory such as a NOR-type flash
memory or a NAND-type flash memory, a phase change
random access memory (PRAM), a resistive random access
memory (RRAM), a spin transfer torque random access
memory (STTRAM), a magnetic random access memory
(MRAM), or the like.

[0112] The memory controller 1002 may receive a com-
mand from an external device (e.g., a host device) through
the /O interface 1004, and may decode the command
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received from the host device to control an operation for
storing data in the data storage circuit 1001 or the buffer
memory 1003, or to control an operation for outputting the
data stored in the data storage circuit 1001 or the buffer
memory 1003. Although FIG. 11 illustrates the memory
controller 1002 with a single block, the memory controller
1002 may include a first controller for controlling the data
storage circuit 1001 comprised of a nonvolatile memory and
a second controller for controlling the buffer memory 1003
comprised of a volatile memory.

[0113] The buffer memory 1003 may temporarily store
data, which are processed by the memory controller 1002.
That is, the buffer memory 1003 may temporarily store data,
which are read from or to be stored in the data storage circuit
1001. The buffer memory 1003 may store the data, which are
transmitted from the memory controller 1002, in response to
a control signal generated by the memory controller 1002.
The buffer memory 1003 may read out data from the data
storage circuit 1001, temporarily store the read-out data, and
output the read-out data to the memory controller 1002. The
buffer memory 1003 may include a volatile memory such as
a dynamic random access memory (DRAM), a mobile
DRAM, a static random access memory (SRAM), or the
like.

[0114] The I/O interface 1004 may physically and electri-
cally connect the memory controller 1002 to the external
device (i.e., the host device). Thus, the memory controller
1002 may receive control signals and data supplied by the
external device (i.e., the host device) through the I/O inter-
face 1004, and may output data from the memory controller
1002 to the external device (i.e., the host device) through the
1/0O interface 1004. That is, the electronic system 1000 may
communicate with the host device through the I/O interface
1004. The I/O interface 1004 may include one or more of
various interface protocols such as a universal serial bus
(USB), a multi-media card (MMC), a peripheral component
interconnect-express (PCI-E), a serial attached SCSI (SAS),
a serial AT attachment (SATA), a parallel AT attachment
(PATA), a small computer system interface (SCSI), an
enhanced small device interface (ESDI), an integrated drive
electronics (IDE), and so on.

[0115] The electronic system 1000 may be used as an
auxiliary storage device of the host device or an external
storage device. The electronic system 1000 may include a
solid state disk (SSD), a USB memory, a secure digital (SD)
card, a mini secure digital (mSD) card, a micro secure digital
(micro SD) card, a secure digital high capacity (SDHC)
card, a memory stick card, a smart media (SM) card, a
multi-media card (MMC), an embedded multi-media card
(eMMC), a compact flash (CF) card, or the like.

[0116] Embodiments of the present disclosure have been
disclosed above for illustrative purposes. Those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the present disclosure as disclosed in the
accompanying claims.

What is claimed is:
1. A semiconductor device comprising:

a flag signal generation circuit configured to generate a
flag signal, the flag signal being enabled in response to
an operational frequency information signal that
includes information on an operation speed of the
semiconductor device; and
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a power-down signal generation circuit configured to
generate a power-down signal for controlling input of
a command based on the flag signal and a clock
enablement signal,

wherein a point of time when the power-down signal is
generated is adjusted in response to the flag signal.

2. The semiconductor device of claim 1, further compris-
ing an operational frequency information generation circuit
configured to detect a frequency of a clock signal provided
by an external device during a set time period and to
generate the operational frequency information signal based
on the detected frequency.

3. The semiconductor device of claim 2, wherein the flag
signal is enabled when the frequency of the clock signal
corresponds to a high operation speed of the semiconductor
device, and disabled when the frequency of the clock signal
corresponds to a low operation speed of the semiconductor
device.

4. The semiconductor device of claim 1, further compris-
ing an internal circuit configured to receive the command in
synchronization with a clock signal to perform an internal
operation when the power-down signal is disabled, and
interrupt the input of the command when the power-down
signal is enabled.

5. The semiconductor device of claim 1, wherein the
operational frequency information signal is generated using
a mode register set.

6. The semiconductor device of claim 1, wherein the flag
signal is enabled when the operation speed of the semicon-
ductor device corresponds to a high operation speed, and
disabled when the operation speed of the semiconductor
device corresponds to a low operation speed.

7. The semiconductor device of claim 6, wherein the
power-down signal generation circuit includes:

a pre-power-down signal generation circuit configured to
generate a pre-power-down signal, the pre-power-down
signal being generated depending on a level transition
of the clock enablement signal, the pre-power-down
signal being generated in synchronization with a rising
clock signal and a falling clock signal;

a first delay circuit configured to delay the pre-power-
down signal by a first delay time period to generate the
power-down signal when the flag signal is enabled; and

a second delay circuit configured to delay the pre-power-
down signal by a second delay time period to generate
the power-down signal when the flag signal is disabled,

wherein the rising clock signal and the falling clock signal
are generated by dividing a clock signal.

8. The semiconductor device of claim 1, wherein the

power-down signal generation circuit includes:

a pre-power-down signal generation circuit configured to
generate a pre-power-down signal which is generated
depending on a level transition of the clock enablement
signal, the pre-power-down signal being generated in
synchronization with a rising clock signal and a falling
clock signal;

a signal transmission circuit configured to output the
pre-power-down signal as a first transmission signal or
a second transmission signal in response to the flag
signal;

a first delay circuit configured to delay the first transmis-
sion signal by a first delay time period to generate the
power-down signal; and
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a second delay circuit configured to delay the second
transmission signal by a second delay time period to
generate the power-down signal,

wherein the rising clock signal and the falling clock signal
are generated by dividing a clock signal.

9. The semiconductor device of claim 8, wherein the

signal transmission circuit includes:

a first switching circuit configured to output the pre-
power-down signal as the first transmission signal
when the flag signal is enabled; and

a second switching circuit configured to output the pre-
power-down signal as the second transmission signal
when the flag signal is disabled.

10. The semiconductor device of claim 1, wherein the

power-down signal generation circuit includes:

A pre-power-down signal generation circuit configured to
generate a pre-power-down signal, the pre-power-down
signal being generated depending on a level transition
of the clock enablement signal, the pre-power-down
signal being generated in synchronization with a rising
clock signal and a falling clock signal;

a first delay circuit configured to delay the pre-power-
down signal by a first delay time period to generate a
first delay signal;

a second delay circuit configured to delay the pre-power-
down signal by a second delay time period to generate
a second delay signal; and

a selection/transmission circuit configured to output one
of'the first and second delay signals as the power-down
signal in response to the flag signal,

wherein the rising clock signal and the falling clock signal
are generated by dividing a clock signal.

11. A semiconductor device comprising:

a flag signal generation circuit configured to generate first
to third flag signals in response to an operational
frequency information signal that includes information
on an operation speed of the semiconductor device; and

a power-down signal generation circuit configured to
generate a power-down signal for controlling input of
a command based on the first to third flag signals and
a clock enablement signal,

wherein a point of time when the power-down signal is
generated is adjusted in response to the first to third flag
signals.

12. The semiconductor device of claim 11, further com-
prising an operational frequency information generation
circuit configured to detect a frequency of a clock signal
provided by an external device during a set time period and
to generate the operational frequency information signal
based on the detected frequency.

13. The semiconductor device of claim 11, further com-
prising an internal circuit configured to receive the com-
mand in synchronization with a clock signal to perform an
internal operation when the power-down signal is disabled,
and to interrupt the input of the command when the power-
down signal is enabled.

14. The semiconductor device of claim 11, wherein the
operational frequency information signal is generated using
a mode register set.

15. The semiconductor device of claim 11,

wherein the first flag signal is enabled when the operation
speed of the semiconductor device corresponds to a
high operation speed;
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wherein the second flag signal is enabled when the
operation speed of the semiconductor device corre-
sponds to a normal operation speed; and

wherein the third flag signal is enabled when the operation
speed of the semiconductor device corresponds to a low
operation speed.

16. The semiconductor device of claim 11, wherein the

power-down signal generation circuit includes:

a pre-power-down signal generation circuit configured to
generate a pre-power-down signal which is generated
depending on level transition of the clock enablement
signal, the pre-power-down signal being generated in
synchronization with a rising clock signal and a falling
clock signal;

a first delay circuit configured to delay the pre-power-
down signal by a first delay time period to output the
delayed pre-power-down signal as the power-down
signal, in response to the first flag signal;

a second delay circuit configured to delay the pre-power-
down signal by a second delay time period to output the
delayed pre-power-down signal as the power-down
signal, in response to the second flag signal; and

a third delay circuit configured to delay the pre-power-
down signal by a third delay time period to output the
delayed pre-power-down signal as the power-down
signal, in response to the third flag signal,

wherein the rising clock signal and the falling clock signal
are generated by dividing a clock signal.

17. The semiconductor device of claim 11, wherein the

power-down signal generation circuit includes:

a pre-power-down signal generation circuit configured to
generate a pre-power-down signal which is generated
depending on a level transition of the clock enablement
signal, the pre-power-down signal being generated in
synchronization with a rising clock signal and a falling
clock signal;

a signal transmission circuit configured to output the
pre-power-down signal as a first transmission signal in
response to the first flag signal, to output the pre-power-
down signal as a second transmission signal in response
to the second flag signal, and to output the pre-power-
down signal as a third transmission signal in response
to the third flag signal;

a first delay circuit configured to delay the first transmis-
sion signal by a first delay time period to generate the
power-down signal;

a second delay circuit configured to delay the second
transmission signal by a second delay time period to
generate the power-down signal; and

a third delay circuit configured to delay the third trans-
mission signal by a third delay time period to generate
the power-down signal,

wherein the rising clock signal and the falling clock signal
are generated by dividing a clock signal.

18. The semiconductor device of claim 17, wherein the

signal transmission circuit includes:

a first switching circuit configured to output the pre-
power-down signal as the first transmission signal
when the first flag signal is enabled;

a second switching circuit configured to output the pre-
power-down signal as the second transmission signal
when the second flag signal is enabled; and
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a third switching circuit configured to output the pre-
power-down signal as the third transmission signal
when the third flag signal is enabled.

19. The semiconductor device of claim 11, wherein the

power-down signal generation circuit includes:

a pre-power-down signal generation circuit configured to
generate a pre-power-down signal which is generated
depending on level transition of the clock enablement
signal, the pre-power-down signal being generated in
synchronization with a rising clock signal and a falling
clock signal;

a first delay circuit configured to delay the pre-power-
down signal by a first delay time period to generate a
first delay signal;

a second delay circuit configured to delay the pre-power-
down signal by a second delay time period to generate
a second delay signal;

a third delay circuit configured to delay the pre-power-
down signal by a third delay time period to generate a
third delay signal; and

a selection/transmission circuit configured to output the
first delay signal as the power-down signal in response
to the first flag signal, to output the second delay signal
as the power-down signal in response to the second flag
signal, and to output the third delay signal as the
power-down signal in response to the third flag signal,

wherein the rising clock signal and the falling clock signal
are generated by dividing a clock signal.

#* #* #* #* #*



