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SEMICONDUCTOR DEVICE AND METHOD OF OPERATING THE

SAME

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority under 35 U.S.C. 8119 to Korean
Patent Application No. 10-2021-0102622 filed on August 04, 2021,

which is incorporated herein by reference in its entirety.

BACKGROUND
1. Field
[0002] Various embodiments of the present disclosure relate to a
semiconductor design technology, and specifically, to a semiconductor

device including a charge pump circuit.

2. Discussion of the Related Art

[0003] In the operation of nonvolatile memory devices, such as flash
memory or electrically erasable programmable read-only memory
(EEPROM) devices, or volatile memory devices such as dynamic
random access memory (DRAM) devices, high voltages are required
for program and erase operations. These high voltages can be
internally generated at a higher level than an external supply voltage.
A charge pump circuit can be used to generate such high voltages.

[0004] In various fields at present, charge pump circuits are being

developed to improve voltage multiplier efficiency and power
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efficiency.

SUMMARY

[0005] Various embodiments of the present disclosure are directed to
a semiconductor device capable of reducing an input current
consumed by clocks provided to a charge pump circuit.

[0006] In accordance with an embodiment of the present disclosure, a
semiconductor device includes: a charge pump circuit suitable for
generating an output voltage by pumping an input voltage according
to first and second main clocks; a voltage detection circuit suitable for
generating a comparison signal by comparing the output voltage with
a reference voltage; and a driving control circuit suitable for
generating the first and second main clocks according to first and
second external clocks during an activation time period of the
comparison signal while controlling a transition sequence such that
the second main clock transitions after the first main clock transitions.
[0007] In accordance with an embodiment of the present disclosure,
an operating method of a semiconductor device includes: generating
an output voltage by pumping an input voltage according to first and
second main clocks; comparing the output voltage with a reference
voltage to generate and output a comparison signal; generating an
output enable signal by determining whether a transition sequence of
first and second external clocks meets a condition based on logic

levels of first and second preliminary clocks during an activation time
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period of the comparison signal; outputting the first and second main
clocks by latching the first and second external clocks according to the
output enable signal; and storing the first and second main clocks as
the first and second preliminary clocks, respectively, at an end of the
activation time period of the comparison signal.

[0008] In accordance with an embodiment of the present disclosure,
an operating method of a semiconductor device includes: generating
first and second main clocks by respectively latching first and second
external clocks according to an output enable signal; generating an
output voltage by pumping an input voltage according to the first and
second main clocks; generating a comparison signal by comparing the
output voltage with a reference voltage; and generating the output
enable signal by determining whether a transition sequence of first
and second external clocks meets a condition during an activation
time period of the comparison signal.

[0009] In accordance with an embodiment of the present disclosure, a
semiconductor device may include: a charge pump circuit configured
to generate an output voltage by pumping an input voltage according
to first and second main clocks; a voltage detection circuit configured
to generate a comparison signal by comparing the output voltage with
a reference voltage; and a driving control circuit configured to:
selectively invert first and second external clocks at a start time of an
activation period of the comparison signal to generate first and second

internal clocks, generate the first and second main clocks according to
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the first and second internal clocks during the activation period of the
comparison signal while controlling a transition order so that the
second main clock transitions after the first main clock transitions,
and store logic levels of the first and second main clocks as first and
second preliminary clocks, respectively, at an end time of an
activation period of the comparison signal.

[0010] In accordance with an embodiment of the present disclosure, a
method of operating a semiconductor device may include: generating
an output voltage by pumping an input voltage according to first and
second main clocks; generating a comparison signal by comparing the
output voltage with a reference voltage; selectively inverting, at a
start time of an activation period of the comparison signal, first and
second external clocks to generate first and second internal clocks;
generating, during an activation period of the comparison signal, an
output activation signal by determining whether the second internal
clock transitions after the first internal clock transitions on the basis of
logic levels of first and second preliminary clocks; outputting the first
and second main clocks by latching the first and second internal
clocks according to the output activation signal; and storing, at an
end time point of the activation period of the comparison signal, the
first and second main clocks as the first and second preliminary clocks,
respectively.

[0011] In accordance with an embodiment of the present disclosure,

an operating method of a semiconductor device may include:
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generating an output voltage by pumping an input voltage according
to first and second main clocks; generating a comparison signal by
comparing the output voltage with a reference voltage; generating
first and second internal clocks by selectively inverting, at a timepoint
when the comparison signal becomes enabled, first and second
external clocks according to respective logic levels of the first and
second internal clocks and first and second detection signals; and
generating, while the comparison signal stays enabled, the first and
second main clocks from the first and second internal clocks according
to respective logic levels of the first and second internal clocks and
first and second detection signals. The first and second detection
signals may represent, while the comparison signal stays enabled,
respective logic levels of the first and second main clocks at a
timepoint when the comparison signal becomes disabled. The first and
second main clocks may toggle at different timings from each other.
[0012] A semiconductor device in accordance with an embodiment of
the present disclosure has an effect capable of reducing an input
current of a charge pump circuit and reducing overall power, thereby
improving power efficiency.

[0013] Furthermore, a semiconductor device in accordance with an
embodiment of the present disclosure has an effect capable of
minimizing the time required for an operation of a charge pump circuit
and reducing the ripple (noise) of a pumping voltage level, thereby

improving power efficiency.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a circuit diagram illustrating a charge pump circuit of
a cross-coupled type in accordance with an embodiment of the
present disclosure.
[0015] FIG. 2 is a timing diagram describing an operation of a charge
pump circuit, such as that shown in FIG. 1 in accordance with an
embodiment of the present disclosure.
[0016] FIG. 3 is a block diagram illustrating a semiconductor device to
which a charge pump circuit, such as that shown in FIG. 1, is
embedded, in accordance with an embodiment of the present
disclosure.
[0017] FIGS. 4A and 4B are timing diagrams describing an operation
of a semiconductor device, such as that shown in FIG. 3, in
accordance with an embodiment of the present disclosure.
[0018] FIG. 5 is a block diagram illustrating a semiconductor device to
which a charge pump circuit is embedded, in accordance with an
embodiment of the present disclosure.
[0019] FIG. 6 is a circuit diagram illustrating a driving control circuit,
such as that shown in FIG. 5, in accordance with an embodiment of
the present disclosure.
[0020] FIG. 7 is a table describing an operation of a driving control
circuit, such as that shown in FIG. 6, in accordance with an

embodiment of the present disclosure.
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[0021] FIG. 8 is a timing diagram describing an operation of a
semiconductor device in accordance with an embodiment of the
present disclosure.

[0022] FIGS. 9A and 9B are timing diagrams describing an operation
of a semiconductor device in the context of a comparative example,
and an operation of a semiconductor device according to an
embodiment of the present disclosure, respectively.

[0023] FIG. 10 is a configuration diagram of a semiconductor device
adopting a charge pump circuit in accordance with another
embodiment of the present disclosure.

[0024] FIG. 11 is a detailed circuit diagram of a driving control circuit
in FIG. 10 in accordance with an embodiment of the present
disclosure.

[0025] FIG. 12 is a table for describing an operation of the driving
control circuit in FIG. 10 in accordance with an embodiment of the
present disclosure.

[0026] FIG. 13 is a waveform diagram for describing an operation of
the semiconductor device in FIG. 10 in accordance with an

embodiment of the present disclosure.

DETAILED DESCRIPTION
[0027] Various embodiments of the present disclosure are described
below with reference to the accompanying drawings. Elements and

features of this disclosure, however, may be configured or arranged
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differently to form other embodiments, which may be variations of
any of the disclosed embodiments.
[0028] In this disclosure, references to various features (e.g.,

elements, structures, modules, components, steps, operations,

characteristics, etc.) included in “one embodiment,” “example
embodiment,” “an embodiment,” “another embodiment,” “some
embodiments,” “various embodiments,” “other embodiments,”

“alternative embodiment,” and the like are intended to mean that any
such features are included in one or more embodiments of the present
disclosure, but may or may not necessarily be combined in the same
embodiments.

[0029] In this disclosure, the terms "comprise,"” "comprising,"

"include,” and "including™ are open-ended. As used in the appended
claims, these terms specify the presence of the stated elements and
do not preclude the presence or addition of one or more other
elements. The terms in a claim do not foreclose the apparatus from
including additional components (e.g., an interface unit, circuitry,
etc.).

[0030] In this disclosure, various units, circuits, or other components
may be described or claimed as "configured to" perform a task or
tasks. In such contexts, "configured to" is used to connote structure
by indicating that the blocks/units/circuits/components include

structure (e.g., circuitry) that performs one or more tasks during

operation. As such, the block/unit/circuit/component can be said to be
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configured to perform the task even when the specified
block/unit/circuit/component is not currently operational (e.g., is not
turned on nor activated). The block/unit/circuit/component used with
the "configured to" language includes hardware, for example, circuits,
memory storing program instructions executable to implement the
operation, etc. Additionally, "configured to" can include a generic
structure (e.g., generic circuitry) that is manipulated by software
and/or firmware (e.g., an FPGA or a general-purpose processor
executing software) to operate in a manner that is capable of
performing the task(s) at issue. "Configured to" may also include
adapting a manufacturing process (e.g., a semiconductor fabrication
facility) to fabricate devices (e.g., integrated circuits) that implement
or perform one or more tasks.

[0031] As used in this disclosure, the term ‘circuitry’ or ‘logic’ refers
to all of the following: (a) hardware-only circuit implementations
(such as implementations in only analog and/or digital circuitry) and
(b) combinations of circuits and software (and/or firmware), such as
(as applicable): (i) to a combination of processor(s) or (ii) to portions
of processor(s)/software (including digital signal processor(s)),
software, and memory(ies) that work together to cause an apparatus,
such as a mobile phone or server, to perform various functions and
(c) circuits, such as a microprocessor(s) or a portion of a
microprocessor(s), that require software or firmware for operation,

even if the software or firmware is not physically present. This
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definition of ‘circuitry' or ‘logic’ applies to all uses of this term in this
application, including in any claims. As a further example, as used in
this application, the term *circuitry” or *“logic” also covers an
implementation of merely a processor (or multiple processors) or a
portion of a processor and its (or their) accompanying software and/or
firmware. The term “circuitry" or “logic” also covers, for example, and
if applicable to a particular claim element, an integrated circuit for a
storage device.

[0032] As used herein, the terms "first,” "second,” "third,” and so on
are used as labels for nouns that the terms precede, and do not imply
any type of ordering (e.g., spatial, temporal, logical, etc.). The terms
"first" and "second" do not necessarily imply that the first value must
be written before the second value. Further, although the terms may
be used herein to identify various elements, these elements are not
limited by these terms. These terms are used to distinguish one
element from another element that otherwise have the same or
similar names. For example, a first circuitry may be distinguished
from a second circuitry.

[0033] Further, the term "based on" is used to describe one or more
factors that affect a determination. This term does not foreclose
additional factors that may affect a determination. That is, a
determination may be solely based on those factors or based, at least
in part, on those factors. For example, the phrase "determine A based

on B." While in this case, B is a factor that affects the determination
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of A, such a phrase does not foreclose the determination of A from
also being based on C. In other instances, A may be determined
based solely on B.

[0034] Herein, an item of data, a data item, a data entry or an entry
of data may be a sequence of bits. For example, the data item may
include the contents of a file, a portion of the file, a page in memory,
an object in an object-oriented program, a digital message, a digital
scanned image, a part of a video or audio signal, metadata or any
other entity which can be represented by a sequence of bits.
According to an embodiment, the data item may include a discrete
object. According to another embodiment, the data item may include
a unit of information within a transmission packet between two
different components.

[0035] Hereinafter, various embodiments of the present disclosure are
described in detail with reference to the attached drawings.

[0036] FIG. 1 is a circuit diagram illustrating a charge pump circuit 10
of a cross-coupled type in accordance with an embodiment of the
present disclosure.

[0037] Referring to FIG. 1, the charge pump circuit 10 may include a
first pump circuit 12, a second pump circuit 14 and an output
capacitor COUT.

[0038] Though FIG. 1 shows the charge pump circuit 10 in which two
pump stages, i.e., the first and second pump circuits 12 and 14, are

coupled in series, the present invention is not limited thereto. In an
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embodiment, the second pump circuit 14 may be configured to be
coupled to a switch (not shown) in parallel. When the switch is
turned on, a first output voltage VOUT_P from the first pump circuit
12 is directly provided to an output terminal OUT_ND. In another
embodiment, the charge pump circuit 10 may include two or more
pump stages coupled in series. In this case, the charge pump circuit
10 may additionally include one or more switches (not shown), each
of which is coupled to a corresponding pump stage in parallel. By
controlling turn on of the switches according to load capacitance of an
output terminal, a level of an output voltage may be adjusted. As a
result, the charge pump circuit 10 can be used universally by
adjusting the level of the output voltage applied to the output
terminal OUT_ND.

[0039] The first and second pump circuits 12 and 14 may operate
according to a pair of complementary clocks, each having an opposite
phase. For example, a pair of first complementary clocks may
include a first main clock CKOO and a first sub clock CKOOB, and a pair
of second complementary clocks may include a second main clock
CK90 and a second sub clock CK90B. The first pump circuit 12 may
generate the first output voltage VOUT_P by pumping an input voltage
VIN at an input terminal IN_ND according to the first main clock CKOO
and the first sub clock CKOOB. The first main clock CKOO may have
an opposite phase to the first sub clock CKOOB, and the same period

as the first sub clock CKOOB. For example, when the first main clock
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CKOO has a logic high level, the first sub clock CKOOB has a logic low
level. When the first main clock CKOO has a logic low level, the first
sub clock CKOOB has a logic high level. The first sub clock CKOOB
may be generated by inverting the first main clock CKOO.

[0040] The second pump circuit 14 may generate a second output
voltage VOUT at the output terminal OUT_ND by pumping the first
output voltage VOUT_P according to the second main clock CK90 and
the second sub clock CK90B. The second main clock CK90 may have
an opposite phase to the second sub clock CK90B, and the same
period as the second sub clock CK90B. For example, when the
second main clock CK90 has a logic high level, the second sub clock
CK90B has a logic low level. When the second main clock CK90 has a
logic low level, the second sub clock CK90B has a logic high level.
The second sub clock CK9OB may be generated by inverting the
second main clock CK90. Preferably, the first main clock CKOO and
the second main clock CK90 have a phase difference of 90 degrees,
and the first sub clock CKOOB and the second sub clock CK90B have a
phase difference of 90 degrees.

[0041] The output capacitor COUT may be coupled between the
output terminal OUT_ND and a ground voltage (VSS) terminal.

[0042] The first pump circuit 12 may include first to fourth transistors
M1 to M4 and first and second capacitors C1 and C2. The second
pump circuit 14 may include fifth to eighth transistors M5 to M8 and

third and fourth capacitors C3 and C4. The first capacitor C1 may
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have a first terminal receiving the first main clock CKOO, the second
capacitor C2 may have a first terminal receiving the first sub clock
CKOOB, the third capacitor C3 may have a first terminal receiving the
second main clock CK90, and the fourth capacitor C4 may have a first
terminal receiving the second sub clock CK90B.

[0043] Since the second pump circuit 14 has substantially the same
configuration as the first pump circuit 12, the first pump circuit 12 is
described as an example.

[0044] The first transistor M1 may be coupled between the input
terminal IN_ND and a second terminal of the first capacitor C1, and
have a gate receiving the first sub clock CKOOB transferred through
the second capacitor C2. The second transistor M2 may be coupled
between the input terminal IN_ND and a second terminal of the
second capacitor C2, and have a gate receiving the first main clock
CKOO transferred through the first capacitor C1. The third transistor
M3 may be coupled between the second terminal of the second
capacitor C2 and an output node at which the first output voltage
VOUT_P is outputted, and have a gate receiving the first main clock
CKOO transferred through the first capacitor C1. The fourth transistor
M4 may be coupled between the second terminal of the first capacitor
C1 and the output node, and have a gate receiving the first sub clock
CKOOB transferred through the second capacitor C2. Preferably, the
first and second transistors M1 and M2 may be implemented with an

N-channel metal oxide semiconductor (NMOS) transistor, and the
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third and fourth transistors M3 and M4 may be implemented with a P-
channel metal oxide semiconductor (PMOS) transistor.

[0045] When the charge pump circuit 10 includes two or more pump
stages coupled in series, odd-numbered pump stages in the series
may be driven according to the first main clock CKOO and the first sub
clock CKOOB, whereas the even-numbered pump stages in the series
may be driven according to the second main clock CK90 and the
second sub clock CK90B.

[0046] FIG. 2 is a timing diagram describing an operation of the
charge pump circuit 10 shown in FIG. 1 in accordance with an
embodiment of the present disclosure.

[0047] Referring to FIG. 2, operations of the first pump circuit 12 and
the second pump circuit 14 are described.

[0048] [A FIRST SECTION]

[0049] During the first section or first time period, the first main clock
CKOO becomes a logic high level, and the first sub clock CKOOB
becomes a logic low level. The first transistor M1 and the third
transistor M3 are turned off, and the second transistor M2 and the
fourth transistor M4 are turned on. The second main clock CK90
becomes a logic low level, and the second sub clock CK90B becomes a
logic high level. The fifth transistor M5 and the seventh transistor M7
are turned on, and the sixth transistor M6 and the eighth transistor
M8 are turned off.

[0050] As a result, a voltage charged at the first capacitor C1 is

15
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discharged and provided to the second pump circuit 14 as the first
output voltage VOUT_P. The first output voltage VOUT_P provided to
the second pump circuit 14 is charged at the third capacitor C3
through the fifth transistor M5. At this time, the input voltage VIN at
the input terminal IN_ND is charged at the second capacitor C2
through the second transistor M2, and a voltage charged at the fourth
capacitor C4 is discharged and outputted to the output terminal
OUT_ND as the second output voltage VOUT.

[0051] [A SECOND SECTION]

[0052] During the second section or second time period, in a state
that the first main clock CKOO and the first sub clock CKOOB maintain
the same phases as those of the first section, the second main clock
CK90 transitions to a logic high level, and the second sub clock CK90B
transitions to a logic low level. The fifth transistor M5 and the
seventh transistor M7 are turned off, and the sixth transistor M6 and
the eighth transistor M8 are turned on. As a result, a voltage
charged at the third capacitor C3 is discharged and provided to the
output terminal OUT_ND as the second output voltage VOUT. At this
time, the first output voltage VOUT_P is charged at the fourth
capacitor C4 through the sixth transistor M6.

[0053] [A THIRD SECTION]

[0054] During the third section or third time period, in a state that the
second main clock CK90 and the second sub clock CK90B maintain the

same phases as those of the second section, the first main clock CKOO

16



10

15

20

transitions to a logic low level, and the first sub clock CKOOB
transitions to a logic high level. The first transistor M1 and the third
transistor M3 are turned on. A voltage charged at the second
capacitor C2 is discharged and provided to the second pump circuit 14
as the first output voltage VOUT_P. Since the sixth transistor M6 is
turned on, the first output voltage VOUT_P is charged at the fourth
capacitor C4 through the sixth transistor M6. At this time, the input
voltage VIN at the input terminal IN_ND is charged at the first
capacitor C1 through the first transistor M1.

[0055] [A FOURTH SECTION]

[0056] During the fourth section or fourth time period, in a state that
the first main clock CKOO and the first sub clock CKOOB maintain the
same phases as those of the third section, the second main clock
CK90 transitions to a logic low level, and the second sub clock CK90B
transitions to a logic high level. The fifth transistor M5 and the
seventh transistor M7 are turned on, and the sixth transistor M6 and
the eighth transistor M8 are turned off. A voltage charged at the
fourth capacitor C4 is discharged and provided to the output terminal
OUT_ND as the second output voltage VOUT. At this time, the first
output voltage VOUT_P is charged at the third capacitor C3 through
the fifth transistor M5.

[0057] As described above, as the first and second main clocks CKOO
and CK90 and the first and second sub clocks CKOOB and CK9O0B are

toggling, the operations for the first to fourth sections are repeatedly
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performed. As a result, the second output voltage VOUT at the
output terminal OUT_ND is charged at the output capacitor (COUT of
FIG. 1), thereby being outputted as a final output voltage.

[0058] FIG. 3 is a block diagram illustrating a semiconductor device
20 to which the charge pump circuit 10 shown in FIG. 1 is embedded
in accordance with an embodiment of the present disclosure.

[0059] Referring to FIG. 3, the semiconductor device 20 may include
the charge pump circuit 10, a voltage detection circuit 22, and a
driving control circuit 24.

[0060] The charge pump circuit 10 may have substantially the same
structure and operation as those of FIGS. 1 and 2.

[0061] The voltage detection circuit 22 may generate a comparison
signal CMP by comparing an output voltage VOUT with a reference
voltage VREF. The voltage detection circuit 22 may include a divider
22A and a comparator 22B.

[0062] The divider 22A may divide the output voltage VOUT according
to a set ratio to output a detection voltage VFB. The divider 22A may
include first and second resistors R1 and R2 coupled in series between
an output terminal OUT_ND and a ground voltage (VSS) terminal.
The divider 22A may output the detection voltage VFB at a common
terminal C_ND between the first and second resistors R1 and R2.
The comparator 22B may output the comparison signal CMP by
comparing the detection voltage VFB with the reference voltage VREF.

The comparator 22B may activate the comparison signal CMP to a
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high level when the detection voltage VFB is lower than the reference
voltage VREF. Preferably, a band-gap voltage with a constant voltage
level regardless of changes in an external supply voltage may be used
as the reference voltage VREF.

[0063] The driving control circuit 24 may latch first and second
external clocks CKOO_EX and CK90_EX according to the comparison
signal CMP to output first and second main clocks CKOO and CK90.
The driving control circuit 24 may include a latch circuit 24A and an
output circuit 24B.

[0064] The latch circuit 24A may detect each rising edge of the first
and second external clocks CKOO _EX and CK90_EX during an
activation section or activation time period of the comparison signal
CMP, and output first and second intermediate clocks CKOO L and
CKO90 L. The first and second intermediate clocks CKOO_L and
CK90 L may have substantially the same activation section as the
first and second external clocks CKOO _EX and CK90_EX, respectively.
The output circuit 24B may output the first and second intermediate
clocks CKOO_L and CK9O0_L as the first and second main clocks CKOO
and CK90, respectively, during the activation section of the
comparison signal CMP. The output circuit 24B may include a first
logic gate AND1 and a second logic gate AND2. The first logic gate
AND1 may perform a logic AND operation on the first intermediate
clock CKOO_L and the comparison signal CMP to output the first main

clock CKOO. The second logic gate AND2 may perform a logic AND
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operation on the second intermediate clock CK9O L and the
comparison signal CMP to output the second main clock CK90.

[0065] FIGS. 4A and 4B are timing diagrams describing an operation
of the semiconductor device 20 shown in FIG. 3 in accordance with an
embodiment of the present disclosure.

[0066] Referring to FIG. 4A and 4B, the voltage detection circuit 22
may generate the comparison signal CMP by comparing the output
voltage VOUT with the reference voltage VREF. The voltage detection
circuit 22 may activate the comparison signal CMP to a high level
when the detection voltage VFB is lower than the reference voltage
VREF. The latch circuit 24A may detect each rising edge of the first
and second external clocks CKOO_EX and CK90_EX during the
activation section of the comparison signal CMP, and output the first
and second intermediate clocks CKOO_L and CK90 L. The output
circuit 24B may output the first and second intermediate clocks
CKOO_L and CK90_L as the first and second main clocks CKOO and
CK9O0, respectively, during the activation section of the comparison
signal CMP. That is, during the activation section of the comparison
signal CMP, the driving control circuit 24 may activate the first and
second main clocks CKOO and CK90 for a certain period by detecting
each rising edge of the first and second external clocks CKOO_EX and
CK90_EX, and deactivate the first and second main clocks CKOO and
CK90 at an end of the activation section or time period of the

comparison signal CMP.
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[0067] In a case shown in FIG. 4A, the first and second main clocks
CKOO and CK90 may simultaneously transition at the end of the
activation section/time period of the comparison signal CMP, i.e., a
falling edge of the comparison signal CMP. Since switching
operations of the clocks are simultaneously performed, a peak current
consumed due to the switching operations may increase. In a case
shown in FIG. 4B, only the first main clock CKOO toggles during the
activation section of the comparison signal CMP. The second main
clock CK90 does not toggle during that time. Since the second main
clock CK90 does not toggle even if the first main clock CKOO toggles,
the operations for the first to fourth sections described in FIG. 2 may
not be repeatedly performed. Thus, the charge pump circuit 10 does
not pump an input voltage VIN. Even when the first main clock CK0OO
is toggling, the output voltage VOUT is not generated, which increases
a current consumption due to unnecessary switching operations.

[0068] Hereinafter, a semiconductor device including a charge pump
circuit, capable of minimizing/reducing current consumption due to
input clocks of the charge pump circuit, is described in detail.

[0069] FIG. 5 is a block diagram illustrating a semiconductor device
100 to which a charge pump circuit is embedded, in accordance with
an embodiment of the present disclosure.

[0070] Referring to FIG. 5, the semiconductor device 100 may include
a charge pump circuit 110, a voltage detection circuit 120, and a

driving control circuit 130.
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[0071] The charge pump circuit 110 may generate an output voltage
VOUT by pumping an input voltage VIN according to a first main clock
CKOO and a second main clock CK90. The charge pump circuit 110
may perform a pumping operation on the input voltage VIN to
increase a level of the output voltage VOUT according to the first main
clock CKOO and the second main clock CK90. The charge pump
circuit 110 may have substantially the same structure and operation
of the charge pump circuit 10 as those of FIGS. 1 and 2.

[0072] The voltage detection circuit 120 may generate a comparison
signal CMP by comparing the output voltage VOUT with a reference
voltage VREF. The voltage detection circuit 120 may include a divider
122 and a comparator 124.

[0073] The divider 122 may divide the output voltage VOUT according
to a set ratio to output a detection voltage VFB. The divider 122 may
include first and second resistors R3 and R4 coupled in series between
an output terminal OUT_ND and a ground voltage (VSS) terminal.
The divider 122 may output the detection voltage VFB at a common
terminal C_ND between the first and second resistors R3 and RA4.
The comparator 124 may output the comparison signal CMP by
comparing the detection voltage VFB with the reference voltage VREF.
The comparator 124 may activate the comparison signal CMP to a
high level when the detection voltage VFB is lower than the reference
voltage VREF. Preferably, a band-gap voltage with a constant voltage

level regardless of changes in an external supply voltage may be used
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as the reference voltage VREF.

[0074] The driving control circuit 130 may generate first and second
main clocks CKOO and CK90 according to first and second external
clocks CKOO_EX and CK90_EX during an activation section of the
comparison signal CMP. In particular, the driving control circuit 130
in accordance with an embodiment may control the first and second
main clocks CKOO and CK90 to transition according to a transition
sequence. The driving control circuit 130 may control the transition
sequence such that the second main clock CK90 transitions after the
first main clock CKOO transitions. During the activation section of the
comparison signal CMP, the driving control circuit 130 may control the
second main clock CK90 to transition to a logic high level from a logic
low level after the first main clock CKOO transitions to a logic high
level from a logic low level. During the activation section of the
comparison signal CMP, the driving control circuit 130 may control the
second main clock CK90 to transition to a logic low level from a logic
high level after the first main clock CKOO transitions to a logic low
level from a logic high level. Further, the driving control circuit 130
in accordance with an embodiment may control the first and second
main clocks CKOO and CK90 to maintain their logic levels at an end of
the activation section/time period of the comparison signal CMP.

[0075] In detail, the driving control circuit 130 may include a previous
clock storing circuit 132, a sequence determination circuit 134 and an

output control circuit 136.

23



10

15

20

[0076] The previous clock storing circuit 132 may store the first and
second main clocks CKOO and CK90 as first and second preliminary
clocks CKOO_S and CK90_S, respectively, according to the comparison
signal CMP. The previous clock storing circuit 132 may store the first
and second main clocks CKOO and CK90 at the end of the activation
section/time period of the comparison signal CMP, i.e., in
synchronization with a falling edge of the comparison signal CMP.

[0077] The sequence determination circuit 134 may generate an
output enable signal SEQ_ON by determining whether a transition
sequence of the first and second external clocks CKOO_EX and
CK90 _EX meets a certain condition, based on the first and second
preliminary clocks CKOO_S and CK90_S, during the activation section
of the comparison signal CMP. The certain condition may be that the
second external clock CK90_EX transitions to a logic high level from a
logic low level after the first external clock CKOO_EX transitions to a
logic high level from a logic low level, or, alternatively, that the
second external clock CK90_ EX transitions to a logic low level from a
logic high level after the first external clock CKOO_EX transitions to a
logic low level from a logic high level. In detail, the sequence
determination circuit 134 may generate a selection signal (SEL<3:0>
of FIG. 6) by decoding logic levels of the first and second preliminary
clocks CKOO_S and CK90_S. The sequence determination circuit 134
may select one of the first external clock CKOO_EX and an inverted

signal (not shown) of the first external clock CKOO_EX, and output a
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first sequence selection signal (CKOO_SEL of FIG. 6), according to the
selection signal SEL<3:0>. The sequence determination circuit 134
may select one of the second external clock CK90 EX and an inverted
signal (not shown) of the second external clock CK90_EX, and output
a second sequence selection signal (CK90_SEL of FIG. 6), according to
the selection signal SEL<3:0>. The sequence determination circuit
134 may generate the output enable signal SEQ_ON according to the
comparison signal CMP, the first sequence selection signal CKOO_SEL
and the second sequence selection signal CK90_SEL.

[0078] The output control circuit 136 may output the first and second
main clocks CKOO and CK90 by latching the first and second external
clocks CKOO_EX and CK90_ EX according to the output enable signal
SEQ_ON.

[0079] As described above, the driving control circuit 130 in
accordance with an embodiment may control a transition sequence
such that the second main clock CK90 transitions after the first main
clock CKOO transitions. Further, the driving control circuit 130 in
accordance with an embodiment may control the first and second
main clocks CKOO and CK90 to maintain their logic levels at the end of
the activation section/time period of the comparison signal CMP.
Accordingly, the semiconductor device 100 can control the first and
second main clocks CKOO and CK90 not to simultaneously transition,
and can minimize/reduce current consumption due to unnecessary

switching operations.
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[0080] FIG. 6 is a circuit diagram illustrating the driving control circuit
130 shown in FIG. 5 in accordance with an embodiment of the present
disclosure. FIG. 7 is a table describing an operation of the driving
control circuit 130 shown in FIG. 6 in accordance with an embodiment
of the present disclosure.

[0081] Referring to FIG. 6, detailed circuit diagrams of the previous
clock storing circuit 132, the sequence determination circuit 134 and
the output control circuit 136 are shown.

[0082] The previous clock storing circuit 132 may include a first
storage 132A and a second storage 132B. The first storage 132A
may store the first main clock CKOO to output the first preliminary
clock CKOO_S, at the end of the activation section/time period of the
comparison signal CMP. The second storage 132B may store the
second main clock CK90 to output the second preliminary clock
CK90_S, at the end of the activation section/time period of the
comparison signal CMP. Preferably, the first storage 132A and the
second storage 132B may be implemented with D flip-flop which is
synchronized with the falling edge of the comparison signal CMP.
[0083] The sequence determination circuit 134 may include a logic
decoder 1342, a selector 1344, and an enable signal generator 1346.
[0084] The logic decoder 1342 may generate the selection signal
SEL<3:0> by decoding logic levels of the first and second preliminary
clocks CKOO_S and CK90_S. For example, as shown in FIG. 7, the

logic decoder 1342 may generate the selection signal SEL<3:0> of
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“0001” when both of the first and second preliminary clocks CKOO_S
and CK90_S have a logic low level. The logic decoder 1342 may
generate the selection signal SEL<3:0> of “0010” when the first
preliminary clock CKOO_S has a logic high level and the second
preliminary clock CK90_S has a logic low level. The logic decoder
1342 may generate the selection signal SEL<3:0> of “0100” when the
first preliminary clock CKOO_S has a logic low level and the second
preliminary clock CK90_S has a logic high level. The logic decoder
1342 may generate the selection signal SEL<3:0> of “1000” when
both of the first and second preliminary clocks CKOO_S and CK90_S
have a logic high level.

[0085] The sequence determination circuit 134 may further include
first to fifth inverters INV1 to INV5. The first inverter INV1 may
invert the first external clock CKOO_EX to output a first negative clock
CKOOEB, and the second inverter INV2 may invert the first negative
clock CKOOEB to output a first positive clock CKOOED. The third
inverter INV3 may invert the second external clock CK90_ EX to output
a second negative clock CK90OEB, and the fourth inverter INV4 may
invert the second negative clock CK9OEB to output a second positive
clock CKO9OED. The fifth inverter INV5 may invert the comparison
signal CMP to output an inverted comparison signal CMPB.

[0086] The selector 1344 may select one of the first positive clock
CKOOED and the first negative clock CKOOEB according to the

selection signal SEL<3:0>, and output the first sequence selection

27



10

15

20

signal CKOO_SEL. The selector 1344 may select one of the second
positive clock CKOOED and the second negative clock CKO9OEB
according to the selection signal SEL<3:0>, and output the second
sequence selection signal CK90_SEL. For example, as shown in FIG.
7, the selector 1344 may output the first sequence selection signal
CKOO_SEL and the second sequence selection signal CK90_ SEL by
selecting the first negative clock CKOOEB and the second negative
clock CK9OEB, respectively, according to the selection signal
SEL<3:0> of “0001”. The selector 1344 may output the first
sequence selection signal CKOO _SEL and the second sequence
selection signal CK90_SEL by selecting the first positive clock CKOOED
and the second negative clock CK90OEB, respectively, according to the
selection signal SEL<3:0> of “0010”. The selector 1344 may output
the first sequence selection signal CKOO_SEL and the second sequence
selection signal CK90O_SEL by selecting the first negative clock
CKOOEB and the second positive clock CKO9OED, respectively,
according to the selection signal SEL<3:0> of “0100”. The selector
1344 may output the first sequence selection signal CKOO_SEL and
the second sequence selection signal CK90_SEL by selecting the first
positive clock CKOOED and the second positive clock CK9OED,
respectively, according to the selection signal SEL<3:0> of “1000”.

[0087] The enable signal generator 1346 may activate the output
enable signal SEQ_ON in response to the first sequence selection

signal CKOO_SEL and the second sequence selection signal CK90_SEL,
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during the activation section of the comparison signal CMP. The
enable signal generator 1346 may deactivate the output enable signal
SEQ_ON at the end of the activation section/time period of the
comparison signal CMP. That is, the enable signal generator 1346
may deactivate the output enable signal SEQ_ON in synchronization
with a falling edge of the comparison signal CMP. In detail, the
enable signal generator 1346 may include a set signal generator
1346A and a Set/Reset (SR) latch 1346B.

[0088] The set signal generator 1346A may generate a set signal S
according to the comparison signal CMP, the first sequence selection
signal CKOO_SEL and the second sequence selection signal CK90_SEL.
The set signal generator 1346A may be implemented with a logic gate
for performing a logic AND operation on the comparison signal CMP,
the first sequence selection signal CKOO_SEL and the second sequence
selection signal CK90_SEL. The set signal generator 1346A may
activate the set signal S to a logic high level during the activation
section of the comparison signal CMP, when both of the first sequence
selection signal CKOO_SEL and the second sequence selection signal
CK90_SEL become a logic high level.

[0089] The SR latch 1346B may output the output enable signal
SEQ_ON which is activated in response to the set signal S and
deactivated in response to the inverted comparison signal CMPB.
[0090] The output control circuit 136 may include a first latch 136A

and a second latch 136B. The first latch 136A may latch the first
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external clock CKOO _EX and output the first main clock CKOO,
according to the output enable signal SEQ_ON. The first latch 136A
may latch the first external clock CKOO_EX to output the first main
clock CKOO when the output enable signal SEQ_ON is activated, and
maintain a level of the first main clock CKOO which is previously
latched when the output enable signal SEQ_ ON is deactivated. The
second latch 136B may latch the second external clock CK90 EX and
output the second main clock CK90, according to the output enable
signal SEQ_ON. The second latch 136B may latch the second
external clock CK90_ EX to output the second main clock CK90 when
the output enable signal SEQ_ON is activated, and maintain a level of
the second main clock CK90 which is previously latched when the
output enable signal SEQ_ON is deactivated.

[0091] Hereinafter, referring to FIGS. 5 to 8, an operation of the
semiconductor device 100 are described in detail.

[0092] FIG. 8 is a timing diagram describing an operation of a
semiconductor device in accordance with an embodiment of the
present disclosure.

[0093] Referring to FIG. 8, during a first section tl, the detection
voltage VFB is greater than or equal to the reference voltage VREF.
The voltage detection circuit 120 deactivates the comparison signal
CMP to a logic low level. The sequence determination circuit 134
deactivates the output enable signal SEQ _ON to a logic low level.

The output control circuit 136 maintains levels of the first and second
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main clocks CKOO and CK90 without toggling. Accordingly, the
charge pump circuit 110 does not perform a pumping operation on the
input voltage VIN. Since the previous clock storing circuit 132 stores
the first and second preliminary clocks CKOO_S and CK90_S of a logic
low level, the sequence determination circuit 134 outputs the first
sequence selection signal CKOO_SEL by inverting the first external
clock CKOO_EX and outputs the second sequence selection signal
CK90_SEL by inverting the second external clock CK90_ EX, according
to the selection signal SEL<3:0> of “0001”.

[0094] During a second section t2, the detection voltage VFB becomes
lower than the reference voltage VREF. The voltage detection circuit
120 activates the comparison signal CMP to a logic high level. Since
the previous clock storing circuit 132 still stores the first and second
preliminary clocks CKOO_S and CK90_ S of a logic low level, the
sequence determination circuit 134 outputs the first sequence
selection signal CKOO_SEL by inverting the first external clock
CKOO_EX and outputs the second sequence selection signal CK90_SEL
by inverting the second external clock CK90_ EX, according to the
selection signal SEL<3:0> of “0001”. The sequence determination
circuit 134 activates the set signal S during the activation section of
the comparison signal CMP, when both of the first sequence selection
signal CKOO_SEL and the second sequence selection signal CK90 SEL
become a logic high level. The sequence determination circuit 134

activates the output enable signal SEQ_ON in response to the set
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signal S. The output control circuit 136 outputs the first and second
main clocks CKOO and CK90 by latching the first and second external
clocks CKOO_EX and CK90_EX according to the output enable signal
SEQ _ON. Accordingly, the charge pump circuit 110 performs a
pumping operation on the input voltage VIN to increase a level of the
output voltage VOUT, i.e., the detection voltage VFB.

[0095] During a third section t3, the detection voltage VFB becomes
greater than the reference voltage VREF. The voltage detection
circuit 120 deactivates the comparison signal CMP to a logic low level.
The sequence determination circuit 134 deactivates the output enable
signal SEQ_ON. The output control circuit 136 maintains the levels of
the first and second main clocks CKOO and CK90 without toggling.
Accordingly, the charge pump circuit 110 does not perform a pumping
operation on the input voltage VIN. At the end of the activation
section/time period of the comparison signal CMP, the previous clock
storing circuit 132 stores the first and second main clocks CKOO and
CK90 of a logic high level as the first and second preliminary clocks
CKOO_S and CK90_S, respectively. The sequence determination
circuit 134 generates the selection signal SEL<3:0> of “1000”
according to the first and second preliminary clocks CKOO_S and
CK90_S of a logic high level. According to the selection signal
SEL<3:0> of “1000”, the sequence determination circuit 134 outputs
the first external clock CKOO_EX as the first sequence selection signal

CKOO_SEL, and outputs the second external clock CK90 EX as the
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second sequence selection signal CK90_SEL.

[0096] During a fourth section t4, the detection voltage VFB becomes
lower than the reference voltage VREF. The voltage detection circuit
120 activates the comparison signal CMP to a logic high level. Since
the first and second preliminary clocks CKOO_S and CK90_S maintain
a logic high level, the sequence determination circuit 134 outputs the
first external clock CKOO_EX as the first sequence selection signal
CKOO_SEL, and outputs the second external clock CK90 EX as the
second sequence selection signal CK90_ SEL. The sequence
determination circuit 134 activates the set signal S during the
activation section of the comparison signal CMP, when both of the first
sequence selection signal CKOO _SEL and the second sequence
selection signal CK90_SEL become a logic high level. The sequence
determination circuit 134 activates the output enable signal SEQ_ ON
in response to the set signal S. Even if the comparison signal CMP is
activated to a logic high level, the output enable signal SEQ_ON is not
immediately activated, but the output enable signal SEQ_ ON is
activated when a transition sequence of the first and second external
clocks CKOO_EX and CK90 EX meets the certain condition. That is,
the output enable signal SEQ_ON is activated when both of the first
sequence selection signal CKOO_SEL and the second sequence
selection signal CK90_SEL become a logic high level. The output
control circuit 136 outputs the first and second main clocks CKOO and

CK90 by latching the first and second external clocks CKOO_ EX and
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CK90_EX according to the output enable signal SEQ_ON. Accordingly,
the charge pump circuit 110 performs a pumping operation on the
input voltage VIN to increase a level of the output voltage VOUT, i.e.,
the detection voltage VFB.

[0097] During a fifth section t5, the voltage detection circuit 120
deactivates the comparison signal CMP to a logic low level. The
sequence determination circuit 134 deactivates the output enable
signal SEQ_ON. At the end of the activation section/time period of
the comparison signal CMP, the previous clock storing circuit 132
stores the first and second main clocks CKOO and CK90 of a logic low
level as the first and second preliminary clocks CKOO_S and CK90_S,
respectively. According to the selection signal SEL<3:0> of “0001”,
the sequence determination circuit 134 outputs the first sequence
selection signal CKOO_SEL by inverting the first external clock
CKOO_EX and outputs the second sequence selection signal CK90_SEL
by inverting the second external clock CK90_ EX.

[0098] As described above, the driving control circuit 130 of the
semiconductor device 100 in accordance with an embodiment may
output the first and second main clocks CKOO and CK90 by
determining whether a transition sequence of the first and second
external clocks CKOO EX and CK90 EX meets a certain condition,
based on logic levels of the first and second preliminary clocks
CKOO_S and CK90_S, during the activation section of the comparison

signal CMP. Further, the driving control circuit 130 may control the
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first and second main clocks CKOO and CK90 to maintain their logic
levels by storing the first and second main clocks CKOO and CK90 as
the first and second preliminary clocks CKOO S and CK90_S,
respectively, at the end of the activation section/time period of the
comparison signal CMP. Accordingly, the semiconductor device 100
can control the first and second main clocks CKOO and CK90 not to
simultaneously transition, and can minimize/reduce current
consumption due to unnecessary switching operations.

[0099] FIG. 9A is a timing diagram describing an operation of a
semiconductor device according to a comparative example in
accordance with an embodiment of the present disclosure. FIG. 9B is
a timing diagram describing an operation of a semiconductor device
according to an embodiment of the present disclosure.

[00100] Referring to FIG. 9A, in a case of the semiconductor device
according to the comparative example, e.g., the semiconductor device
20 of FIG. 3, first and second main clocks CKOO and CK90
simultaneously transition at an end of an activation section/time
period of a comparison signal CMP. Thus, a peak current consumed
due to such switching operations may increase, thereby increasing a
ripple voltage up to 1.395V. Further, during the activation section of
the comparison signal CMP, only the first main clock CKOO toggles,
without toggling the second main clock CK90, which increases a
current consumption due to unnecessary switching operations.

[00101] Referring to FIG. 9B, according to an embodiment, in a
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semiconductor device, e.g., the semiconductor device 100 of FIG. 5,
first and second main clocks CKOO and CK90 maintain their logic
levels at an end of an activation section/time period of a comparison
signal CMP. Since a situation in which the first and second main
clocks CKOO and CK90 simultaneously transition is eliminated, a peak
current may decrease, thereby decreasing a ripple to 0.986V.
Further, by controlling a transition sequence such that the second
main clock CK90 transitions after the first main clock CKOO transitions,
unnecessary switching operations are eliminated, thereby
minimizing/reducing current consumption.

[00102] Hereinafter, this disclosure proposes a semiconductor device
capable of not only reducing an input current of clocks provided to a
charge pump circuit, but also minimizing a clock waiting time.

[00103] FIG. 10 is a configuration diagram of a semiconductor device
100 adopting a charge pump circuit in accordance with another
embodiment of the present disclosure.

[00104] Referring to FIG. 10, the semiconductor device 100 may
include a charge pump circuit 110, a voltage detection circuit 120,
and a driving control circuit 630.

[00105] The charge pump circuit 110 may generate an output voltage
VOUT by pumping an input voltage VIN according to a first main clock
CKOO and a second main clock CK90. The charge pump circuit 110
may have substantially the same configuration as that of the charge

pump circuit 10 described with reference to FIG.1 and FIG. 2.
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[00106] The voltage detection circuit 120 may generate a comparison
signal CMP by comparing the output voltage VOUT with a reference
voltage VREF. The voltage detection circuit 120 may include a divider
122 and a comparator 124. The divider 122 may divide the output
voltage VOUT and provide the divided voltage as a detection voltage
VFB. The divider 122 may include first and second resistors R3 and
R4 connected in series to an output terminal OUT_ND and a ground
voltage VSS terminal, and the detection voltage VFB may be
outputted from a common node C_ND of the first and second resistors
R3 and R4. The comparator 124 may output the comparison signal
CMP by comparing the reference voltage VREF with the detection
voltage VFB. When the detection voltage VFB is less than or equal to
the reference voltage VREF, the comparator 124 may activate the
comparison signal CMP to a high level and output the activated
comparison signal CMP. Preferably, the reference voltage VREF may
use a bandgap voltage BANDGAP VOLTAGE having a constant voltage
level regardless of a change in a voltage supplied from an exterior.

[00107] The driving control circuit 630 may selectively invert a first
external clock CKOO_EX and a second external clock CK90 EX at a
start time point of an activation period of the comparison signal CMP
to generate as a first internal clock CKOOIN and a second internal
clock CK9OIN. Furthermore, at an end time point of the activation
period of the comparison signal CMP, the driving control circuit 630

may store logic levels of the first main clock CKOO and the second
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main clock CK90 as a first preliminary clock CKOO_S and a second
preliminary clock CK90_S, respectively. Particularly, the driving
control circuit 630 in accordance with the present disclosure may
selectively invert the first external clock CKOO_EX and the second
external clock CK90_EX according to the respective logic levels of the
first preliminary clock CKOO_S, the second preliminary clock CK90_S,
the first external clock CKOO EX, and the second external clock
CK90_EX to generate as the first internal clock CKOOIN and the
second internal clock CK9OIN.

[00108] Furthermore, during the activation period of the comparison
signal CMP, the driving control circuit 630 may generate the first main
clock CKOO and the second main clock CK90 according to the first
internal clock CKOOIN and the second internal clock CK9OIN.
Particularly, the driving control circuit 630 in accordance with the
present disclosure may control a transition order so that the first main
clock CKOO transitions and then the second main clock CK90
transitions. That is, during the activation period of the comparison
signal CMP, the driving control circuit 630 may control the transition
order so that the first main clock CKOO transitions from a logic low
level to a logic high level and then the second main clock CK90
transitions from a logic low level to a logic high level, and the first
main clock CKOO transitions from a logic high level to a logic low level
and then the second main clock CK90 transitions from a logic high

level to a logic low level.

38



10

15

20

[00109] More specifically, the driving control circuit 630 may include a
previous clock storage unit 632, a clock input unit 638, a clock order
determination unit 634, and an output control unit 636. The clock
input unit 638 may include a previous/current clock storage section
6381 and a clock selection section 6382.

[00110] The previous clock storage unit 632 may store the first main
clock CKOO and the second main clock CK90 as the first preliminary
clock CKOO_S and the second preliminary clock CK90_S, respectively,
according to the comparison signal CMP. Preferably, at the end time
point of the activation period of the comparison signal CMP, that is, in
synchronization with a falling edge of the comparison signal CMP, the
previous clock storage unit 632 may store the first main clock CKOO
and the second main clock CK90 as the first preliminary clock CKOO_S
and the second preliminary clock CK90_S, respectively.

[00111] The clock input unit 638 may selectively invert the first
external clock CKOO_EX and the second external clock CK90_EX
according to the respective logic levels of the first preliminary clock
CKOO_S, the second preliminary clock CK90_S, the first internal clock
CKOOIN, and the second internal clock CK9OIN on the basis of the
comparison signal CMP to generate the first internal clock CKOOIN and
the second internal clock CK9OIN.

[00112] The previous/current clock storage section 6381 included in
the clock input unit 638 may store the respective logic levels of the

first internal clock CKOOIN, the second internal clock CK9OIN, the first
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preliminary clock CKOO_S, and the second preliminary clock CK90_S
as a second selection signal SEL2<3:0> at the start time point of the
activation period of the comparison signal CMP. More specifically, at
the start time point of the activation period of the comparison signal
CMP, the previous/current clock storage section 6381 may store the
logic level of the first preliminary clock CKOO_S and output the stored
logic level as a first bit SEL2<0> of the second selection signal
SEL2<3:0>, may store the logic level of the second preliminary clock
CK90_S and output the stored logic level as a second bit SEL2<1> of
the second selection signal SEL2<3:0>, may store the logic level of
the first internal clock CKOOIN and output the stored logic level as a
third bit SEL2<2> of the second selection sighal SEL2<3:0>, and may
store the logic level of the second internal clock CK9OIN and output
the stored logic level as a fourth bit SEL2<3> of the second selection
signal SEL2<3:0>.

[00113] The clock selection section 6382 included in the clock input
unit 638 may selectively invert the first external clock CKOO_EX and
the second external clock CK90 EX in response to the second
selection signal SEL2<3:0> to generate the first internal clock CKOOIN
and the second internal clock CK9OIN. More specifically, the clock
selection section 6382 may select one of the first external clock
CKOO_EX and an inverted first external clock CKOO_EXB according to
the second selection signal SEL2<3:0> as the first internal clock

CKOOIN, and select one of the second external clock CK90_EX and an
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inverted second external clock CK90 _EXB according to the second
selection signal SEL2<3:0> the selected clock as the second internal
clock CK9OIN.

[00114] The clock order determination unit 634 may determine
whether the transition order of the first internal clock CKOOIN and the
second internal clock CK9OIN satisfies a specific condition, on the
basis of the first preliminary clock CKOO_S and the second preliminary
clock CK90_S, and generate an output activation signal SEQ_ON
during the activation period of the comparison signal CMP. The
specific condition may include a case where the first internal clock
CKOOIN transitions from a logic low level to a logic high level and then
the second internal clock CK9OIN transitions from a logic low level to
a logic high level, and a case where the first internal clock CKOOIN
transitions from a logic high level to a logic low level and then the
second internal clock CK9OIN transitions from a logic high level to a
logic low level. More specifically, the clock order determination unit
634 may generate a first selection signal SEL1<3:0> (see FIG. 11) by
decoding the logic levels of the first preliminary clock CKOO_S and the
second preliminary clock CK90_S, select one of the first internal clock
CKOOIN and an inverted first internal clock CKOOINB according to the
first selection signal SEL1<3:0> and output the selected clock as a
first order determination signal CKOO_SEL (see FIG. 11), and select
one of the second internal clock CK9OIN and an inverted second

internal clock CKO9OINB according to the first selection signal
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SEL1<3:0> and output the selected clock as a second order
determination signal CK90_SEL (see FIG. 11). Furthermore, the
clock order determination unit 634 may generate the output activation
signal SEQ_ON according to the comparison signal CMP, the first order
determination signal CKOO_SEL, and the second order determination
signal CK90_SEL.

[00115] The output control unit 636 may latch the first internal clock
CKOOIN and the second internal clock CK9OIN according to the output
activation signal SEQ_ON, and output the first main clock CKOO and
the second main clock CK90.

[00116] As described above, at the start time point of the activation
period of the comparison signal CMP, the driving control circuit 630 in
accordance with an embodiment of the present disclosure may
selectively invert the first external clock CKOO_EX and the second
external clock CK90 EX to generate the first internal clock CKOOIN
and the second internal clock CK9OIN. Accordingly, when the phases
of the first external clock CKOO_EX and the second external clock
CK90_EX do not have preferred phases at the start time point of the
activation period of the comparison signal CMP, the semiconductor
device 100 in accordance with the present disclosure may selectively
invert the first external clock CKOO EX and the second external clock
CK90_EX to generate the first internal clock CKOOIN and the second
internal clock CK9OIN having preferred phases, instead of waiting until

the first external clock CKOO_EX and the second external clock
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CK90_EX have the preferred phases.

[00117] Furthermore, the driving control circuit 630 may control the
second main clock CK90 to be toggled after the first main clock CKOO
is toggled, thereby substantially maintaining the transition order of
the first main clock CKOO and the second main clock CK90.
Furthermore, the driving control circuit 630 may control the logic
levels of the first main clock CKOO and the second main clock CK90 to
be substantially maintained at the end time point of the activation
period of the comparison signal CMP. Accordingly, the semiconductor
device 100 in accordance with the present disclosure may control the
first main clock CKOO and the second main clock CK90 not to be
transitioned at the same time, thereby reducing current consumed by
an unnecessary switching operation.

[00118] FIG. 11 is a detailed circuit diagram of the driving control
circuit 630 in FIG. 10 in accordance with an embodiment of the
present disclosure. FIG. 12 is a table for describing an operation of
the driving control circuit 630 in FIG. 11 in accordance with an
embodiment of the present disclosure.

[00119] In FIG. 11, a detailed circuit diagram of the previous clock
storage unit 632, the clock input unit 638, the clock order
determination unit 634, and the output control unit 636 is illustrated.
Furthermore, in FIG. 11, a detailed circuit diagram of the
previous/current clock storage section 6381 and the clock selection

section 6382 included in the clock input unit 638 is illustrated.
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[00120] The previous clock storage unit 632 may include a first storage
section 632A and a second storage section 632B. The first storage
section 632A may store the first main clock CKOO and output the
stored first main clock CKOO as the first preliminary clock CKOO_S at
the end time point of the activation period of the comparison signal
CMP. The second storage section 632B may store the second main
clock CK90 and output the stored second main clock CK90 as the
second preliminary clock CK90 S at the end time point of the
activation period of the comparison signal CMP. Preferably, each of
the first storage section 632A and the second storage section 632B
may be implemented as a D flip-flop.

[00121] The clock order determination unit 634 may include a logic
decoder 6342, a first selector 6344, and an activation signal
generation section 6346.

[00122] The logic decoder 6342 may generate the first selection signal
SEL1<3:0> by decoding the logic levels of the first preliminary clock
CKOO_S and the second preliminary clock CK90_S. For example, as
illustrated in FIG. 12, the logic decoder 6342 may generate the first
selection signal SEL1<3:0> of “0001” when both the first preliminary
clock CKOO_S and the second preliminary clock CK90_S are at a logic
low level, may generate the first selection signal SEL1<3:0> of
“0010” when the first preliminary clock CKOO_S is at a logic high level
and the second preliminary clock CK90_S is at a logic low level, may

generate the first selection signal SEL1<3:0> of “0100” when the first
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preliminary clock CKOO_S is at a logic low level and the second
preliminary clock CK90_S is at a logic high level, and may generate
the first selection signal SEL1<3:0> of “1000” when both the first
preliminary clock CKOO_S and the second preliminary clock CK90_S
are at a logic high level.

[00123] In addition, the clock order determination unit 634 may
additionally include first to third inverters INV1 to INV3. The first
inverter INV1 may generate an inverted comparison signal CMPB by
inverting the comparison signal CMP. The second inverter INV2 may
generate the inverted first internal clock CKOOINB by inverting the
first internal clock CKOOIN. The third inverter INV3 may generate the
inverted second internal clock CK9OINB by inverting the second
internal clock CK9OIN.

[00124] The first selector 6344 may select one of the inverted first
internal clock CKOOINB and the first internal clock CKOOIN according
to the first selection signal SEL1<3:0> and output the selected clock
as the first order determination signal CKOO_SEL, and select one of
the inverted second internal clock CK9OINB and the second internal
clock CK9OIN according to the first selection signal SEL1<3:0> and
output the selected clock as the second order determination signal
CK90_SEL. For example, as illustrated in FIG. 12, the first selector
6344 may output the inverted first internal clock CKOOINB and the
inverted second internal clock CK9OINB as the first order

determination signal CKOO_SEL and the second order determination
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signal CK90_SEL, respectively, according to the first selection signal
SEL1<3:0> of “0001”. The first selector 6344 may output the first
internal clock CKOOIN and the inverted second internal clock CKOOINB
as the first order determination signal CKOO _SEL and the second
order determination signal CK90_SEL, respectively, according to the
first selection signal SEL1<3:0> of “0010”. The first selector 6344
may output the inverted first internal clock CKOOINB and the second
internal clock CK90IN as the first order determination signal
CKOO_SEL and the second order determination signal CK90_ SEL,
respectively, according to the first selection signal SEL1<3:0> of
“0100”. The first selector 6344 may output the first internal clock
CKOOIN and the second internal clock CK9OIN as the first order
determination signal CKOO_SEL and the second order determination
signal CK90_SEL, respectively, according to the first selection signal
SEL1<3:0> of “1000”.

[00125] The activation signhal generation section 6346 may activate the
output activation signal SEQ_ON according to the first order
determination signal CKOO_SEL and the second order determination
signal CK90_SEL during the activation period of the comparison signal
CMP. The activation signal generation section 6346 may deactivate
the output activation signal SEQ _ON at the end time point of the
activation period of the comparison signal CMP, that is, according to
the falling edge of the comparison signal CMP.

[00126] More specifically, the activation signal generation section 6346
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may include a set signal generation part 6346A and an SR latch
63468B.

[00127] The set signal generation part 6346A may generate a set
signal S according to the comparison signal CMP, the first order
determination signal CKOO_SEL, and the second order determination
signal CK90_SEL. Preferably, the set signal generation part 6346A
may generate the set signal S by performing a logic AND operation on
the comparison signal CMP, the first order determination signal
CKOO_SEL, and the second order determination signal CK90_ SEL.
That is, during the activation period of the comparison signal CMP, the
set signal generation part 6346A may output the set signal S that is
activated to a logic high level when both the first order determination
signal CKOO_SEL, and the second order determination signal
CK90O_SEL are at a logic high level. The SR latch 6346B may
generate the output activation signal SEQ_ON that is activated
according to the set signal S and is deactivated according to the
inverted comparison signal CMPB.

[00128] The previous/current clock storage section 6381 included in
the clock input unit 638 may include a third storage part 6381A, a
fourth storage part 6381B, a fifth storage part 6381C, and a sixth
storage part 6381D. The third storage part 6381A may store the first
preliminary clock CKOO_S and output the stored first preliminary clock
CKOO_S as the first bit SEL2<0> of the second selection signal

SEL2<3:0>, at the start time point of the activation period of the
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comparison signal CMP. The fourth storage part 6381B may store the
second preliminary clock CK90 S and output the stored second
preliminary clock CK90_S as the second bit SEL2<1> of the second
selection signal SEL2<3:0>, at the start time point of the activation
period of the comparison signal CMP. The fifth storage part 6381C
may store the first internal clock CKOOIN and output the stored first
internal clock CKOOIN as the third bit SEL2<2> of the second
selection signal SEL2<3:0>, at the start time point of the activation
period of the comparison signal CMP. The sixth storage part 6381D
may store the second internal clock CK9OIN and output the stored
second internal clock CK9OIN as the fourth bit SEL2<3> of the second
selection signal SEL2<3:0>, at the start time point of the activation
period of the comparison signal CMP. Preferably, each of the third
storage part 6381A, the fourth storage part 6381B, the fifth storage
part 6381C, and the sixth storage part 6381D may be implemented as
a D flip-flop.

[00129] The clock selection section 6382 included in the clock input
unit 638 may include a second selector 6383 and fourth to seventh
inverters INV4 to INV7.

[00130] The fourth inverter INV4 may generate a first clock bar
CKOOEB by inverting the first external clock CKOO_EX, and the fifth
inverter INV5 may generate a first clock CKOOED by inverting the first
clock bar CKOOEB. The sixth inverter INV6 may generate a second

clock bar CK9OEB by inverting the second external clock CK90_ EX,
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and the seventh inverter INV7 may generate a second clock CK9OED
by inverting the second clock bar CK9OEB.

[00131] The second selector 6383 may select one of the first clock bar
CKOOEB and the first clock CKOOED according to the second selection
signal SEL2<3:0> and output the selected clock as the first internal
clock CKOOIN, and select one of the second clock bar CKOOEB and the
second clock CKO9OED according to the second selection signal
SEL2<3:0> and output the selected clock as the second internal clock
CK9OIN. For example, as illustrated in FIG. 12, the second selector
6383 may output the first clock CKOOED and the second clock CK9OED
as the first internal clock CKOOIN and the second internal clock
CK90IN, respectively, according to the second selection signal
SEL2<3:0> of “1000”, may output the first clock bar CKOOEB and the
second clock bar CK9OEB as the first internal clock CKOOIN and the
second internal clock CK9O0IN, respectively, according to the second
selection signal SEL2<3:0> of “0100”, may output the first clock
CKOOED and the second clock bar CK9OEB as the first internal clock
CKOOIN and the second internal clock CK9OIN, respectively, according
to the second selection signal SEL2<3:0> of “0000”, and may output
the first clock bar CKOOEB and the second clock CK9OED as the first
internal clock CKOOIN and the second internal clock CK9O0IN,
respectively, according to the second selection signal SEL2<3:0> of
“1100”. Furthermore, the second selector 6383 may output the first

clock CKOOED and the second clock bar CK90EB as the first internal
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clock CKOOIN and the second internal clock CK9OIN, respectively,
according to the second selection signal SEL2<3:0> of “1001”, may
output the first clock bar CKOOEB and the second clock CK9OED as the
first internal clock CKOOIN and the second internal clock CK9OIN,
respectively, according to the second selection signal SEL2<3:0> of
“0101”, may output the first clock CKOOED and the second clock
CK90ED as the first internal clock CKOOIN and the second internal
clock CK90IN, respectively, according to the second selection signal
SEL2<3:0> of “0001”, and may output the first clock bar CKOOEB and
the second clock bar CK90OEB as the first internal clock CKOOIN and
the second internal clock CK9OIN, respectively, according to the
second selection signal SEL2<3:0> of “1101”. Furthermore, the
second selector 6383 may output the first clock bar CKOOEB and the
second clock CKOOED as the first internal clock CKOOIN and the
second internal clock CK9O0IN, respectively, according to the second
selection signal SEL2<3:0> of “1010”, may output the first clock
CKOOED and the second clock bar CK9OEB as the first internal clock
CKOOIN and the second internal clock CK9OIN, respectively, according
to the second selection signal SEL2<3:0> of “0110”, may output the
first clock bar CKOOEB and the second clock bar CK90OEB as the first
internal clock CKOOIN and the second internal clock CK9O0IN,
respectively, according to the second selection signal SEL2<3:0> of
“0010”, and may output the first clock CKOOED and the second clock

CK9OED as the first internal clock CKOOIN and the second internal
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clock CK9O0IN, respectively, according to the second selection signal
SEL2<3:0> of “1110”. Furthermore, the second selector 6383 may
output the first clock bar CKOOEB and the second clock bar CK9OEB as
the first internal clock CKOOIN and the second internal clock CK9OIN,
respectively, according to the second selection signal SEL2<3:0> of
“1011”, may output the first clock CKOOED and the second clock
CK90ED as the first internal clock CKOOIN and the second internal
clock CK90IN, respectively, according to the second selection signal
SEL2<3:0> of “0111”, may output the first clock bar CKOOEB and the
second clock CKOOED as the first internal clock CKOOIN and the
second internal clock CK9O0IN, respectively, according to the second
selection signal SEL2<3:0> of “0011”, and may output the first clock
CKOOED and the second clock bar CK9OEB as the first internal clock
CKOOIN and the second internal clock CK9OIN, respectively, according
to the second selection signal SEL2<3:0> of “1111”.

[00132] The output control unit 636 may include a first latch 636A and
a second latch 636B. The first latch 636A may latch the first internal
clock CKOOIN according to the output activation signal SEQ_ON, and
output the latched clock as the first main clock CKOO. When the
output activation signal SEQ_ON is activated, the first latch 636A may
latch the first internal clock CKOOIN and output the latched clock as
the first main clock CKOO. When the output activation signal SEQ_ON
is deactivated, the first latch 636A may substantially maintain the

logic level of the currently latched first main clock CKOO. The second

51



10

15

20

latch 636B may latch the second internal clock CK9OIN according to
the output activation signal SEQ_ON, and output the latched clock as
the second main clock CK90. When the output activation signal
SEQ_ON is activated, the second latch 636B may latch the second
internal clock CK9OIN and output the latched clock as the second
main clock CK90. When the output activation signal SEQ ON is
deactivated, the second latch 636B may substantially maintain the
logic level of the currently latched second main clock CK90.

[00133] Hereinafter, the operation of the semiconductor device in
accordance with an embodiment of the present disclosure will be
described with reference to FIG. 10 to FIG. 13.

[00134] FIG. 13 is a waveform diagram for describing the operation of
the semiconductor device in accordance with an embodiment of the
present disclosure.

[00135] Referring to FIG. 13, in a first period tl, since the detection
voltage VFB is less than or equal to the reference voltage VREF, the
voltage detection circuit 120 may be in a state of outputting the
comparison signal CMP at a logic high level. Since the previous clock
storage unit 632 substantially maintains the first preliminary clock
CKOO_S and the second preliminary clock CK90_S at a logic low level,
when the first selection signal SEL1<3:0> is “0001” and the second
selection signal SEL2<3:0> is “0100”, the clock input unit 638 may
receive the first external clock CKOO_ EX and the second external clock

CK90_EX as the first internal clock CKOOIN and the second internal
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clock CK9OIN, respectively. That is, the first external clock CKOO_EX
and the second external clock CK90_EX may be substantially the
same as the first internal clock CKOOIN and the second internal clock
CK90IN, respectively. The operation of the clock order determination
unit 634 when the first selection signal SEL1<3:0> is “0001” is
substantially the same as that of the clock order determination unit
134 disclosed in FIG. 8. Thus, referring together to FIG. 8, the clock
order determination unit 634 may invert the first internal clock
CKOOIN according to the first selection signal SEL1<3:0> of “0001”
and output the inverted first internal clock CKOOINB as the first order
determination signal CKOO_SEL, and may invert the second internal
clock CK9OIN according to the first selection signal SEL1<3:0> of
“0001” and output the inverted second internal clock CKOQOINB as the
second order determination signal CK90_SEL. The output activation
signal SEQ_ON may be in an activated state according to the set
signal S that is activated when both the first order determination
signal CKOO_SEL and the second order determination signal
CK90_SEL are at a logic high level. The output control unit 636 may
latch the first internal clock CKOOIN and the second internal clock
CK90IN according to the output activation signal SEQ_ON, and output
the latched clocks as the first main clock CKOO and the second main
clock CK90. Accordingly, the charge pump circuit 110 may perform a
pumping operation, thereby increasing the output voltage VOUT, that

is, the detection voltage VFB.
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[00136] In a second period t2, the detection voltage VFB becomes
greater than the reference voltage VREF. The voltage detection
circuit 120 outputs the comparison signal CMP at a logic low level.
The clock order determination unit 634 deactivates the output
activation signal SEQ_ON and outputs the deactivated output
activation signal SEQ_ON, and the output control unit 636 does not
toggle the first main clock CKOO and the second main clock CK90.
Accordingly, the charge pump circuit 110 performs no pumping
operation. Meanwhile, the previous clock storage unit 632 stores the
first main clock CKOO and the second main clock CK90 at a logic high
level as the first preliminary clock CKOO_S and the second preliminary
clock CK90_S, respectively, at the end time point of the activation
period of the comparison signal CMP. At this time, since the first
preliminary clock CKOO_S and the second preliminary clock CK90_S
are at a logic high level, the clock order determination unit 634 may
output the first internal clock CKOOIN and the second internal clock
CK9OIN as the first order determination signal CKOO_SEL and the
second order determination signal CK90_SEL, respectively, according
to the first selection signal SEL1<3:0> of “1000”.

[00137] In a third period t3, the detection voltage VFB becomes less
than or equal to the reference voltage VREF. The voltage detection
circuit 120 outputs the comparison signal CMP at a logic high level.
At this time, since the first preliminary clock CKOO_S and the second

preliminary clock CK90_S substantially maintain a logic high level, the
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first external clock CKOO_EX is at a logic low level, and the second
external clock CK90 EX is at a logic high level, the previous/current
clock storage section 6381 included in the clock input unit 638 may
output the second selection signal SEL2<3:0> as “1011”".
Accordingly, the clock selection section 6382 included in the clock
input unit 638 may invert the first external clock CKOO_EX and the
second external clock CK90 EX to generate as the inverted first
internal clock CKOOINB and the inverted second internal clock
CK90INB.

[00138] Since the first preliminary clock CKOO_ S and the second
preliminary clock CK90_S substantially maintain a logic high level, the
clock order determination unit 634 may output the first internal clock
CKOOIN as the first order determination signal CKOO_SEL and output
the second internal clock CK9OIN as the second order determination
signal CK90_SEL. That is, since the first preliminary clock CKOO_S
and the second preliminary clock CK90_S substantially maintain a
logic high level, the clock order determination unit 634 may output
the inverted first external clock CKOO _EXB as the first order
determination signal CKOO_SEL and output the inverted second
external clock CK90_EXB as the second order determination signal
CK90_SEL.

[00139] Furthermore, the clock order determination unit 634 activates
the set signal S when both the first order determination signal

CKOO_SEL and the second order determination signal CK90_SEL are
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at a logic high level, and thus activates the output activation signal
SEQ _ON. At this time, even though the comparison signal CMP is
activated, the output activation signal SEQ_ON may not be activated,
and when it is determined that the transition order of the first internal
clock CKOOIN and the second internal clock CK9OIN satisfies a specific
condition, that is, when both the first order determination signal
CKOO_SEL and the second order determination signal CK90_SEL are
at a logic high level, the output activation signal SEQ_ON may be
activated.

[00140] The output control unit 636 may latch the first internal clock
CKOOIN and the second internal clock CK9OIN according to the output
activation signal SEQ_ON, and output the latched clocks as the first
main clock CKOO and the second main clock CK90.

[00141] The charge pump circuit 110 may perform a pumping
operation, thereby increasing the output voltage VOUT, that is, the
detection voltage VFB.

[00142] In a fourth period t4, the voltage detection circuit 120 outputs
the comparison signal CMP at a logic low level and the clock order
determination unit 634 deactivates the output activation signal
SEQ_ON. Furthermore, the previous clock storage unit 632 stores
the first main clock CKOO and the second main clock CK90 at a logic
low level as the first preliminary clock CKOO S and the second
preliminary clock CK90_S, respectively, at the end time point of the

activation period of the comparison signal CMP. The clock order
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determination unit 634 may invert the first internal clock CKOOIN to
output the inverted clock as the first order determination signal
CKOO_SEL and invert the second internal clock CK9OIN to output the
inverted clock as the second order determination signal CK90_ SEL,
according to the first selection signal SEL1<3:0> of “0001”.

[00143] As described above, the driving control circuit 630 of the
semiconductor device 100 in accordance with the present disclosure
may selectively invert the first external clock CKOO_EX and the second
external clock CK90_EX at the start time point of the activation period
of the comparison signal CMP to generate the first internal clock
CKOOIN and the second internal clock CK9OIN. Accordingly, when the
phases of the first external clock CKOO_EX and the second external
clock CK90_EX are not desired phases at the start time point of the
activation period of the comparison signal CMP, the driving control
circuit 630 may selectively invert the first external clock CKOO_EX and
the second external clock CK90_EX to generate the first internal clock
CKOOIN and the second internal clock CK9OIN having desired phases,
instead of waiting until the phases of the first external clock CKOO_EX
and the second external clock CK90_EX become desired phases.
[00144] Furthermore, during the activation period of the comparison
signal CMP, the driving control circuit 630 may determine whether the
transition order of the first internal clock CKOOIN and the second
internal clock CK9OIN satisfies a specific condition, on the basis of the

logic levels of the previously stored first preliminary clock CKOO_S and
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second preliminary clock CK90_S, and output the first main clock
CKOO and the second main clock CK90. Furthermore, the driving
control circuit 630 may store the first main clock CKOO and the second
main clock CK90 as the first preliminary clock CKOO_S and the second
preliminary clock CK90_S, respectively, at the end time point of the
activation period of the comparison signal CMP, thereby controlling
the logic levels of the first main clock CKOO and the second main clock
CK90 to be substantially maintained. Accordingly, the semiconductor
device 100 in accordance with the present disclosure may reduce
current consumed by an unnecessary switching operation of the first
main clock CKOO and the second main clock CK90.

[00145] Although the technical spirit of the present disclosure has been
specifically described according to the above embodiments, it should
be noted that the above embodiment is for description, and not for
limitation. Furthermore, those who skilled in the art will understand
that various embodiments can be made within the scope of the
technical spirit of the present disclosure and the following claims.
[00146] For example, the position and the type of a logic gate and a
transistor disclosed in the aforementioned embodiments can be
differentially realized according to the polarity of an inputted signal.
Furthermore, the embodiments may be combined to form additional

embodiments.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

a charge pump circuit configured to generate an output voltage
by pumping an input voltage according to first and second main
clocks;

a voltage detection circuit configured to generate a comparison
signal by comparing the output voltage with a reference voltage; and

a driving control circuit configured to:

selectively invert first and second external clocks at a start time
point of an activation period of the comparison signal to generate first
and second internal clocks,

generate the first and second main clocks according to the first
and second internal clocks during the activation period of the
comparison signal while controlling a transition order so that the
second main clock transitions after the first main clock transitions,
and

store logic levels of the first and second main clocks as first and
second preliminary clocks, respectively, at an end time point of an

activation period of the comparison signal.

2. The semiconductor device of claim 1, wherein the driving
control circuit selectively inverts the first and second external clocks

according to respective logic levels of the first and second preliminary
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clocks and the first and second external clocks to generates the first

and second internal clocks.

3. The semiconductor device of claim 1, wherein the driving
control circuit comprises:

a previous clock storage unit configured to store the first and
second main clocks as the first and second preliminary clocks,
respectively, according to the comparison signal;

a clock input unit configured to selectively invert the first and
second external clocks according to respective logic levels of the
stored first and second preliminary clocks and the stored first and
second internal clocks to generate the first and second internal clocks;

a clock order determination unit configured to determine
whether a transition order of the first and second internal clocks
satisfies a specific condition on the basis of the first and second
preliminary clocks to generate an output activation signal during the
activation period of the comparison signal; and

an output control unit configured to latch the first and second
internal clocks according to the output activation signal to output the

first and second main clocks.

4. The semiconductor device of claim 3, wherein the
previous clock storage unit comprises:

a first storage section configured to store the first main clock as

60



10

15

20

the first preliminary clock at the end time point of the activation
period of the comparison signal; and

a second storage section configured to store the second main
clock as the second preliminary clock at the end time point of the

activation period of the comparison signal.

5. The semiconductor device of claim 3, wherein the clock
order determination unit comprises:

a logic decoder configured to generate a first selection signal by
decoding the logic levels of the first and second preliminary clocks;

a selector configured to:

select one of the first internal clock and the inverted first
internal clock according to the first selection signal,

output the selected one of the first internal clock and the
inverted first internal clock as a first order determination signal,

select one of the second internal clock and the inverted second
internal clock according to the first selection signal, and

output the selected one of the second internal clock and the
inverted second internal clock as a second order determination signal;
and

an activation signal generation section configured to:

activate the output activation signal according to the first and
second order determination signals during the activation period of the

comparison signal, and
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deactivate the output activation signal at the end time point of

the activation period of the comparison signal.

6. The semiconductor device of claim 5, wherein the
activation signal generation section comprises:

a set signal generation part configured to generate a set signal
according to the first and second order determination signals during
the activation period of the comparison signal; and

an SR latch configured to generate the output activation signal
that is activated according to the set signal and is deactivated at the

end time point of the activation period of the comparison signal.

7. The semiconductor device of claim 3, wherein the clock
input unit comprises:

a clock selection section configured to:

selectively invert the first and second external clocks in
response to a second selection signal to generate the first and second
internal clocks; and

a previous/current clock storage section configured to store, as
the second selection signal, the respective logic levels of the first and
second internal clocks and the first and second preliminary clocks at

the start time point of the activation period of the comparison signal.

8. The semiconductor device of claim 7, wherein the
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previous/current clock storage section comprises:

a third storage part configured to store, as a first bit of the
second selection signal, the first preliminary clock and output the first
bit of the second selection signal at the start time point of the
activation period of the comparison signal,

a fourth storage part configured to store, as a second bit of the
second selection signal, the second preliminary clock and output the
second bit of the second selection signal at the start time point of the
activation period of the comparison signal,

a fifth storage part configured to store, as a third bit of the
second selection signal, the first internal clock and output the third bit
of the second selection signal at the start time point of the activation
period of the comparison signal, and

a sixth storage part configured to store, as a fourth bit of the
second selection signal, the second internal clock and output the
fourth bit of the second selection signal at the start time point of the

activation period of the comparison signal.

9. The semiconductor device of claim 7,

wherein the clock selection section selects one of the first
external clock and the inverted first external clock according to the
second selection signal, as the first internal clock, and

selects one of the second external clock and the inverted second

external clock according to the second selection signal, as the second
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internal clock.

10. The semiconductor device of claim 3, wherein the output
control unit comprises:

a first latch configured to latch the first internal clock according
to the output activation signal to output the latched clock as the first
main clock; and

a second latch configured to latch the second internal clock
according to the output activation signal to output the latched clock as

the second main clock.

11. The semiconductor device of claim 1, wherein the charge
pump circuit includes at least two pump stages and generates the
output voltage by:

driving an odd-numbered pump stage according to the first
main clock and a first sub-clock which is an inverted signal of the first
main clock, and

driving an even-numbered pump stage according to the second
main clock and a second sub-clock which is an inverted signal of the

second main clock.

12. The semiconductor device of claim 1, wherein the first
main clock and the second main clock have a phase difference of 90°

therebetween.
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13. A method of operating a semiconductor device, the
method comprising:

generating an output voltage by pumping an input voltage
according to first and second main clocks;

generating a comparison signal by comparing the output voltage
with a reference voltage;

selectively inverting, at a start time point of an activation period
of the comparison signal, first and second external clocks to generate
first and second internal clocks;

generating, during an activation period of the comparison signal,
an output activation signal by determining whether the second
internal clock transitions after the first internal clock transitions on the
basis of logic levels of first and second preliminary clocks;

outputting the first and second main clocks by latching the first
and second internal clocks according to the output activation signal;
and

storing, at an end time point of the activation period of the
comparison signal, the first and second main clocks as the first and

second preliminary clocks, respectively.

14. The method of claim 13, wherein the first and second
external clocks are selectively inverted according to respective logic

levels of the first and second preliminary clocks and the first and
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second external clocks to generate the first and second internal clocks.

15. The method of claim 14, wherein the generating of the
output activation signal by the determining comprises:

generating a first selection signal by decoding the logic levels of
the first and second preliminary clocks;

selecting one of the first internal clock and an inverted first
internal clock according to the first selection signal;

outputting the selected one of the first internal clock and the
inverted first internal clock as a first order determination signal;

selecting one of the second internal clock and an inverted
second internal clock according to the first selection signal;

outputting the selected one of the second internal clock and the
inverted second internal clock as a second order determination signal;
and

generating the output activation signal according to the first and
second order determination signals during the activation period of the

comparison signal.

16. The method of claim 15, wherein the generating of the
output activation signal according to the first and second order
determination signals comprises:

generating a set signal according to the first and second order

determination signals during the activation period of the comparison
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signal;

activating the output activation signal according to the set
signal; and

deactivating the output activation signal at the end time point of

the activation period of the comparison signal.

17. The method of claim 14, wherein the selectively inverting
comprises:

selectively inverting the first and second external clocks in
response to a second selection signal to generate the first and second
internal clocks; and

storing, as the second selection signal, respective logic levels of
the first and second internal clocks and the first and second
preliminary clocks at the start time point of the activation period of

the comparison signal.

18. The method of claim 17, wherein the selectively inverting
the first and second external clocks in response to a second selection
signal includes:

selecting one of the first external clock and the inverted first
external clock according to the second selection signal, as the first
internal clock; and

selecting one of the second external clock and the inverted

second external clock according to the second selection signal, as the
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second internal clock.

19. The method of claim 13, wherein the generating of the
output voltage comprises:

driving an odd-numbered pump stage according to the first
main clock and a first sub-clock that is an inverted signal of the first
main clock; and

driving an even-numbered pump stage according to the second
main clock and a second sub-clock that is an inverted signal of the

second main clock.

20. The method of claim 13, wherein the first main clock and

the second main clock have a phase difference of 90° therebetween.
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