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(57) ABSTRACT

A ftriangular wave generator includes a wave generator
configured to generate a triangular wave according to a
clock signal and a control signal. The triangular wave
generator further includes a wave controller configured to
adjust a value of the control signal in a correction mode. The
control signal includes a first bias control signal, a second
bias control signal, and a capacitance control signal.
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TRIANGULAR WAVE GENERATOR

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2016-0061213, filed on May 19, 2016,
which is incorporated herein by reference in its entirety.

BACKGROUND
1. Field

Embodiments of the present disclosure relate to a trian-
gular wave generator, and more particularly, to a triangular
wave generator capable of generating triangular wave in a
wide frequency range.

2. Description of the Related Art

Triangular wave generators are used in various electronic
devices.

A conventional triangular wave generator may not be
utilized in applications operating in a wide frequency range,
because a frequency range of a triangular wave output from
the conventional triangular wave generator is normally
limited.

In addition, the conventional triangular wave generator
may not generate a triangular wave as designed when a
process-voltage-temperature (PVT) variation occurs.

Accordingly, a triangular wave generator capable of gen-
erating a triangular wave in a wide frequency range and
capable of coping with a PVT variation is desirable.

SUMMARY

Various embodiments are directed to a triangular wave
generator capable of generating triangular wave in a wide
frequency range and capable of generating a triangular wave
having a desired frequency though PVT variation exists.

In an embodiment, a triangular wave generator may
include a wave generator configured to generate a triangular
wave according to a clock signal and a control signal; and a
wave controller configured to adjust a value of the control
signal in a correction mode.

In an embodiment, a triangular wave generator may
include a wave generator configured to generate an output
voltage according to an input signal and a control signal, a
comparator configured to compare a reference voltage with
the output voltage corresponding to a triangular wave in a
correction mode, a correction control circuit configured to
adjust a value of the control signal according to an output
signal of the comparator in the correction mode, a pulse
generator configured to generate a pulse according to a clock
signal, an inverter configured to invert the clock signal, a
multiplexer configured to provide an output signal of the
pulse generator and an output signal of the inverter to the
wave generator as the input signal in the correction mode
and to provide the clock signal as the input signal in a mode
other the correction mode and a demultiplexer configured to
provide the output voltage of the wave generator to the
comparator in the correction mode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a triangular wave generator
according to an embodiment of the present disclosure.
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2

FIG. 2 is a circuit diagram of an example of a wave
generator included in the triangular wave generator of FIG.
1.

FIG. 3 is a circuit diagram of an example of a wave
controller included in the triangular wave generator of FIG.
1.

FIG. 4 is a circuit diagram of an example of a pulse
generator included in the wave controller of FIG. 3.

FIG. 5 is a circuit diagram of an example of a rising edge
detector included in the pulse generator of FIG. 4.

FIG. 6 is a circuit diagram of an example of a falling edge
detector included in the pulse generator of FIG. 4.

FIG. 7 is a timing diagram illustrating an operation of the
pulse generator of FIG. 3 according to an embodiment.

FIG. 8 is a flow chart illustrating an operation of a
correction control unit of FIG. 3 according to an embodi-
ment.

FIG. 9 is a block diagram of a triangular wave generator
according to another embodiment of the present disclosure.

DETAILED DESCRIPTION

Hereafter, various embodiments will be described below
in more detail with reference to the accompanying drawings.

FIG. 1 is a block diagram of a triangular wave generator
1000 according to an embodiment.

The triangular wave generator 1000 includes a wave
generator 100 and a wave controller 200.

The wave generator 100 generates a triangular wave
TCLK using the input clock signal CLK.

The wave controller 200 generates a control signal for
controlling a frequency of the triangular wave TCLK.

In the embodiment shown in FIG. 1, the control signal
includes a capacitance control signal CSEL and a bias
control signal BSEL. Each of the capacitance control signal
CSEL and the bias control signal BSEL. may be a multi-bit
digital signal.

The triangular wave TCLK output from the wave gen-
erator 100 is controlled according to the control signals
CSEL and BSEL output from the wave controller 200.

The wave controller 200 adjusts values of the control
signals CSEL and BSEL in a correction mode and keeps the
values of the control signals CSEL and BSEL substantially
constant when the correction mode is complete.

The wave controller 200 performs the correction mode,
for example, when the triangular wave generator 1000 is
initialized, when a temperature of the triangular wave gen-
erator 1000 is changed over a predetermined range, when a
predetermined period of time has elapsed, or when a signal
for initiating the correction mode is received from an
external device.

FIG. 2 is a circuit diagram of an example of the wave
generator 100 of FIG. 1.

The wave generator 100 includes a first bias control
circuit 110, a second bias control circuit 120, a capacitance
control circuit 130, and a signal transfer circuit 140.

The clock signal CLK is input to an input node I of the
signal transfer circuit 140 and the triangular wave TCLK is
output from an output node O of the signal transfer circuit
140.

The first bias control circuit 110, the signal transfer circuit
140, and the second bias control circuit 120 are connected in
series between a power supply VDD and a ground.

The capacitance control circuit 130 is connected between
the output node O of the signal transfer unit 140 and the
ground.
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The signal transfer unit 140 includes a p-channel metal-
oxide-semiconductor (PMOS) transistor PO and an n-chan-
nel metal-oxide-semiconductor (NMOS) transistor N0O. The
gates of the PMOS transistor PO and NMOS transistor N0
are commonly connected to the input node 1, and the drains
of the PMOS transistor PO and NMOS transistor NO are
commonly connected to the output node O.

The first bias control circuit 110 controls a first current
flowing between the power supply VDD and the source of
the PMOS transistor PO of the signal transfer circuit 140
according to the first bias control signal/BSEL.

The first bias control unit 110 may include a plurality of
PMOS transistors P1 to Pn, n being an integer greater than
1. Sources of the plurality of PMOS transistors P1 to Pn are
connected to the power supply VDD and drains of the
plurality of PMOS transistors P1 to Pn are connected to the
source of the PMOS transistor P0.

Signals respectively indicating bits of the first bias control
signal/BSEL may be input to corresponding gates of the
plurality of PMOS transistors P1 to Pn.

The second bias control circuit 120 controls a second
current flowing between the ground and the source of the
NMOS transistor NO of the signal transfer circuit 140
according to the second bias control signal BSEL.

The second bias controller 120 may include a plurality of
NMOS transistors N1 to Nn. Sources of the plurality of
NMOS transistors N1 to Nn are connected to the ground and
drains of the plurality of NMOS transistors N1 to Nn are
connected to a source of the NMOS transistor NO.

Signals respectively indicating bits of the second bias
control signal BSEL may be input to corresponding gates of
the plurality of NMOS transistors N1 to Nn.

A number of PMOS transistors turned on in the first bias
control unit 110 may be changed according to the first bias
control signals /BSEL. A number of NMOS transistors
turned on in the second bias control unit 120 may be
changed according to the second bias control signals BSEL.
A bias current, which corresponds to the first current flowing
from the power supply VDD to the source of the PMOS
transistor PO when the PMOS transistor PO is on or the
second current flowing from the source of the NMOS
transistor NO to the ground when the NMOS transistor NO is
on, may be controlled accordingly.

In an embodiment, the first bias control signal /BSEL is a
signal obtained by inverting the bias control signal BSEL bit
by bit, and the second bias control signal BSEL of FIG. 2 is
the bias control signal BSEL of FIG. 1.

Accordingly, when a value of the bias control signal
BSEL increases, a magnitude of the bias current that may be
provided by the first bias control unit 110 and the second
bias control unit 120 increases. For example, when the value
of the bias control signal BSEL increases and the NMOS
transistor NO is turned on, a number of NMOS transistors
turned on in the second bias control circuit 120 increases,
leading to an increase in the magnitude of the second current
flowing from the source of the NMOS transistor N0 to the
ground.

In an embodiment, the current driving capacities of the
first bias control circuit 110 and the second bias control
circuit 120 are substantially equal to each other.

The capacitance control circuit 130 includes a plurality of
capacitors C1 to Cm, which are coupled between the output
node O of the signal transmission circuit 140 and the ground.

Each of the plurality of capacitors C1 to Cm is connected
to the output node O of the signal transfer circuit 140 via a
corresponding one of the plurality of switches SW1 to SWm.
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Each of the plurality of switches SW1 to SWm is turned
on or off in response to a corresponding bit value of the
capacitance control signal CSEL.

When the clock signal CLK has a logic low value which
turns on the PMOS transistor PO, the bias current corre-
sponding to the first current flowing through the first bias
control circuit 110 and the PMOS transistor PO charges one
or more of the capacitors C1 to Cm of the capacity control
circuit 130. When the clock signal CLK has a logic high
value which turns on the NMOS transistor N0, the bias
current corresponding to the second current flowing through
the NMOS transistor N0 and the second bias control circuit
120 discharges the one or more charged capacitors of the
capacity control circuit 130.

In the embodiment shown in FIG. 2, when the value of the
capacitance control signal CSEL increases, a capacitance
value of the capacitance control circuit 130 increases. In an
embodiment, a capacitance value of the capacitance control
circuit 130 corresponds to a sum of respective capacitance
values of capacitors C1 to Cm having respective switches
SW1 to SWm turned on.

The waveform of the triangular wave TCLK may be
controlled according to the bias current controlled by the
first bias control unit 110 and the second bias control circuit
120 and the capacitance value controlled by the capacitance
control circuit 130. A slope of the triangular wave TCLK is
proportional to the magnitude of the bias current and
inversely proportional to the capacitance value of the capaci-
tance control circuit 130.

As described above, the bias control signal BSEL and the
capacitance control signal CSEL input to the wave generator
100 are determined by performing the correction mode in
the wave controller 200.

FIG. 3 is a circuit diagram of an example of the wave
controller 200 of FIG. 1.

The wave controller 200 includes a correction circuit 300
and a correction control circuit 600.

The correction circuit 300 includes a replica circuit 500
having a similar configuration to the wave generator 100 of
FIG. 2, a pulse generator 400 generating a pulse signal
PULSE based on the clock signal CLK and providing the
generated pulse signal PULSE to the replica circuit 500, an
inverter 310 inverting the clock signal CLK, and a com-
parator 320 comparing an output voltage VCAP of the
replica circuit 500 with a reference voltage VREF.

In an embodiment, component elements P0' to Pn', N0' to
Nn', SW1'to SWm', and C1' to Cm' of the replica circuit 500
are substantially identical to the corresponding respective
component elements P0 to Pn, N0 to Nn, SW1 to SWm, and
C1 to Cm of the wave generator 100 of FIG. 2.

The replica circuit 500 includes a first bias control replica
circuit 510, a second bias control replica circuit 520, a
capacitance control replica circuit 530, and a signal transfer
replica circuit 540, which respectively correspond to the first
bias control circuit 110, the second bias control circuit 120,
the capacitance control circuit 130, and the signal transfer
circuit 140 of FIG. 2.

Because the first bias control replica circuit 510, the
second bias control replica circuit 520, the capacitance
control replica circuit 530, and the signal transfer replica
circuit 540 have substantially the same configuration as the
corresponding circuits of the wave generator 100 of FIG. 2,
detailed descriptions of these components are omitted herein
for the interest of brevity.

On the other hand, the replica circuit 500 of FIG. 3 is
different from the wave generator 100 of FIG. 2 in that gates
of'a PMOS transistor P0' and an NMOS transistor N0' of the
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signal transfer replica circuit 540 are not commonly con-
nected. Instead, the gates of the PMOS transistor P0' and the
NMOS transistor NO' of the signal transfer replica circuit
540 are respectively connected to the pulse generator 400
and the inverter 310.

The pulse signal PULSE output from the pulse generator
400 is applied to the gate of the PMOS transistor P0' of the
signal transfer replica circuit 540, and an output signal of the
inverter 310 is applied to the gate of the NMOS transistor
NO' of the signal transfer replica circuit 540.

In the embodiment of FIG. 3, the pulse generator 400
generates pulses, each of the pulses having a width corre-
sponding to a half period of the clock signal CLK. For
example, a predetermined period of these pulses may be 16
times the period of the clock signal CLK.

At this time, the predetermined period may correspond to
a time interval to perform a control operation in the correc-
tion mode, and will hereinafter be referred to as a control
period.

A duration of the control period may vary according to
embodiments.

In the embodiment shown in FIG. 3, the pulse signal
PULSE is maintained at a logic high value and becomes a
logic low value when a pulse is generated, and a time when
the pulse signal PULSE transitions from the high logic value
to the logic low value is synchronized with a rising edge of
the clock signal CLK.

In other words, in this embodiment, the replica circuit 500
charges the capacitors C1' to Cm' of the capacitance control
replica circuit 540 by turning on the PMOS transistor P0' in
response to the pulse signal PULSE having the logic low
value during a time interval of 0.5T, T being the period of the
clock signal CLK, and discharges the capacitors C1' to Cm'
when the clock signal CLK has a logic low value.

The comparator 320 activates the lock signal LOCK when
the output voltage VCAP of the capacitance control replica
circuit 530 becomes equal to or greater than the reference
voltage VREF. For example, the lock signal LOCK is
activated by being set to a logic high value when the output
voltage VCAP of the capacitance control replica circuit 530
becomes equal to or greater than the reference voltage
VREF.

In an embodiment, the reference voltage VREF has a level
in a range of 90% to 95% of the power source voltage VDD.
However, the level of the reference voltage VREF may vary
according to embodiments.

When the lock signal LOCK is activated in this embodi-
ment, the lock signal LOCK indicates that the values of the
bias control signal BSEL and the capacitance control signal
CSEL are determined to have desirable values, that is, values
that will produce an acceptable triangle wave at the current
frequency of the clock CLK.

The correction control circuit 600 changes the values of
the bias control signal BSEL and the capacitance control
signal CSEL for each control period and determines whether
the lock signal LOCK is enabled during that control period.

The correction control circuit 600 ends the correction
mode in response to the lock signal LOCK being asserted
and determines the desirable values of the bias control signal
BSEL and the capacitance control signal CSEL. In an
embodiment, the desirable values of the bias control signal
BSEL and the capacitance control signal CSEL of FIG. 3
determined during the correction mode are then latched and
used as the values of the bias control signal BSEL and the
capacitance control signal CSEL of FIG. 1 until the deter-
mination of new desirable values at the end of the next
performance of the correction mode.
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FIG. 4 is a detailed block diagram of an example of the
pulse generator 400 shown in FIG. 3. FIG. 7 is a timing
diagram illustrating an operation of the pulse generator 400
of FIG. 4 according to an embodiment.

The pulse generator 400 includes a rising edge detector
410 detecting a rising edge of the clock signal CLK, a falling
edge detector 420 detecting a falling edge of the clock signal
CLK, and a first flip-flop 430 outputting a pulse signal
PULSE according to a rising edge detection signal RED of
the rising edge detector 410 and a falling edge detection
signal FED of the falling edge detector 420.

In the embodiment shown in FIG. 7, the rising edge
detector 410 and the falling edge detector 420 respectively
detect the rising edge and the falling edge for every control
period (e.g., equal to 16 times of the period of the clock
signal CLK).

For example, the control period corresponds to the time
interval between a zeroth time t0 corresponding to the
falling edge of a reset signal RESET and an eighth time t8
corresponding to another falling edge in FIG. 7.

Operations of the rising edge detector 410 and the falling
edge detector 420 will be described below in more detail
with reference to FIGS. 5 to 7.

The divided clock signal DIGCLK is a signal obtained by
dividing the clock signal CLK by four. For example, a
frequency divider (not shown) divides a frequency of the
clock signal CLK by a dividing factor of 4 to generate the
divided clock signal DIGCLK.

The rising edge detector 410 outputs the rising edge
detection signal RED including one pulse that has a logic
low value in the control period equal to 16T, T being the
period of the clock signal CLK.

The rising edge detection signal RED output from the
rising edge detector 410 maintains a high value, and tran-
sitions from the logic high value to the logic low value in
synchronization with a rising edge of the clock signal CLK,
and then transitions from the logic low value to the logic
high value again after a time interval shorter than the half
period T/2 of the clock signal CLK.

The falling edge detector 420 outputs a falling edge
detection signal FED including one pulse that has a logic
low value in the control period equal to 16T.

The falling edge detection signal FED output from the
falling edge detector 420 maintains a high value, transitions
from the logic high value to the logic low value in synchro-
nization with a falling edge of the clock signal CLK, and
then transitions from the logic low value to the logic high
value again after a time interval shorter than the half period
T/2 of the clock signal CLK.

The pulse signal PULSE maintains a logic low value from
a falling edge of the rising edge detection signal RED to the
falling edge of a falling edge detection signal FED, and
maintains the logic high value in the remaining time interval
during the control period. For example, the pulse signal
PULSE has the logic low value from a fifth time t5 corre-
sponding to falling edge of the rising edge detection signal
RED to a sixth time t6 corresponding to the falling edge
detection signal FED.

Referring to FIG. 4, the first flip-flop 430 latches a signal
VDD indicating a high value in synchronization with the
falling edge of the falling edge detection signal FED. The
first flip-flop 430 is reset to have a logic low value in
response to the falling edge of the rising edge detection
signal RED.

In the embodiment of FIG. 4, the pulse of the rising edge
detection signal RED and the pulse of the falling edge
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detection signal FED are generated in a period when the
reset signal RESET has a logic high value.

In the embodiment of FIGS. 4 and 7, the reset signal
RESET maintains the logic low value for a period of the
divided clock signal DIGCLK and maintains the logic high
value for the remaining time interval of the control period.

The pulse generator 400 may further include a second
flip-flop 440 for latching the signal VDD indicating the high
logic value in response to the pulse signal PULSE, and a
third flip-flop 450 for latching an output signal of the second
flip-flop 440 in response to the clock signal CLK.

The second flip-flop 440 and the third flip-flop 450 are
reset when the reset signal RESET has a logic low value.

The pulse flag signal (or the pulse flag) PULSE FLAG,
which is an output signal of the third flip-flop 450, indicates
that a pulse having a logic low value has occurred in the
pulse signal PULSE.

The output signals of the second and third flip-flops 440
and 450 indicate a logic low value while the reset signal
RESET has a logic low value.

The second flip-flop 440 latches and generates the output
signal indicating the logic high value at a sixth time t6
corresponding to the rising edge of the pulse signal PULSE
when the reset signal RESET has the logic high value.

Accordingly, the third flip-flop 450 latches the output
signal of the second flip-flop 440 at a seventh time t7
corresponding to a rising edge of the clock signal CLK after
the sixth time t6, and outputs the pulse flag signal PULSE
FLAG indicating a logic high value.

The pulse flag PULSE FLAG maintains the high logic
value until the reset signal RESET transitions from a logic
high value to a logic low value.

The correction control circuit 600 performs a control
operation at the seventh time t7 when the pulse flag PULSE
FLAG is activated in consideration of the lock signal LOCK
of the comparison circuit 320 of FIG. 3 to allow for a time
required for the comparison operation of the comparison
circuit 320.

FIG. 5 is a detailed block diagram of an example of the
rising edge detector 410 of FIG. 4.

In FIG. 5, the rising edge detector 410 includes a first
flip-flop 411, a second flip-flop 412, a third flip-flop 413, a
buffer 414, and a selector 415.

The first flip-flop 411 latches the reset signal RESET in
response to a falling edge of the clock signal CLK and
outputs a first signal A.

As shown in FIG. 7, the first signal A is a delayed version
of the reset signal RESET by the half period 0.5T of the
clock signal CLK.

The second flip-flop 412 latches a signal GND indicating
a logic low value in synchronization with a falling edge of
the rising edge detection signal RED and outputs a second
signal B having a logic high value when the first signal A has
a logic low value.

As shown in FIG. 7, the second signal B transitions from
the logic high value to the logic low value in synchronization
with a falling edge of the rising edge detection signal RED
corresponding to the fifth time t5, and transitions from the
logic low value to the logic high value in synchronization
with a falling edge of the first signal A corresponding to the
first time t1.

The selector 415 selects the signal GND indicating the
logic low value when the first signal A has a logic low value
and selects the clock signal CLK when the first signal A has
a logic high value to output an intermediate clock signal
ICLK.
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As shown in FIG. 7, the intermediate clock signal ICLK
outputs the clock signal CLK in a period when the first
signal A has the logic high value, and has a logic low value
in the remaining period.

The third flip flop 413 latches the second signal B in
response to a rising edge of the intermediate clock signal
ICLK and is reset after a predetermined time interval.

As shown in FIG. 7, the third flip-flop 413 latches the
second signal B at the fifth time t5 corresponding the rising
edge of the intermediate clock signal ICLK.

Because the second signal B has the logic high value at
the fifth time t5, an inverted output signal /Q of the third
flip-flop 413 has a logic low value. As a result, the third
flip-flop 413 is reset, and the inverted output signal /Q has
a logic high value.

The bufter 414 buffers the inverted output /Q of the third
flip-flop 413 and outputs a rising edge detection signal RED.

FIG. 6 is a detailed block diagram of an example of the
falling edge detector 420 of FIG. 4.

In FIG. 6, the falling edge detector 420 includes a first
flip-flop 421, a second flip-flop 422, a third flip-flop 423, a
buffer 424, and a selector 425.

Operations of the first flip-flop 421, the second flip-flop
422, the third flip-flop 423, the buffer 424, and the selector
425 are similar to those of the first flip-flop 411, the second
flip-flop 412, the third flip-flop 413, the buffer 414, and the
selector 415 of the rising edge detector 410 of FIG. 5,
respectively.

However, the third flip-flop 423 of the falling edge
detector 420 latches the second signal B in synchronization
with a falling edge of the intermediate clock signal ICLK at
the sixth time t6. For example, the third flip-flop 423 outputs
an inverted output signal /Q in response to an inverted
version of the intermediate clock signal ICLK, rather than
the intermediate clock signal ICLK.

The buffer 424 buffers the inverted output signal /Q of the
third flip-flop 423 and outputs a falling edge detection signal
FED.

As described above, the pulse generator 400 generates the
rising edge detection signal RED and the falling edge
detection signal FED after the third time t3 corresponding to
the rising edge of the reset signal RESET. The pulse gen-
erator 400 further generates a pulse signal PULSE having a
width equal to the half period 0.5T of the clock signal CLK,
which corresponds to a time interval between the fifth time
t5 and the sixth time t6. The pulse signal PULSE occurs once
every control period (e.g., having a duration equal to 167T).

As described above, the reset signal RESET can be
generated using the clock signal CLK in the correction
control circuit 600, and one cycle of the reset signal RESET
corresponds to the control period 16T.

FIG. 8 is a flowchart illustrating a process 800 for
controlling an operation of the correction control circuit 600
of FIG. 3, according to an embodiment.

At step S100, a value of the bias control signal BSEL and
a value of the capacitance control signal CSEL are initial-
ized.

In the embodiment of FIG. 8, the initial value of the bias
control signal BSEL corresponds to a value at which the bias
current has a minimum value, and the initial value of the
capacitance control signal CSEL corresponds to the capaci-
tance of the capacitance control replica circuit 530 has a
maximum value.

At step S110, it is determined whether the output voltage
VCAP of the capacitance control replica circuit 530 reached
a level greater than the reference voltage VREF during a
most recent cycle of the control period.



US 10,263,604 B2

9

When the level of the output voltage VCAP reached a
level greater than the reference voltage VREF, the LOCK
signal of FIG. 3 is activated by setting to a specific logic
value (e.g., a logic high value). In response, the correction
control circuit 600 ends the correction mode and outputs the
bias control signal BSEL and the capacitance control signal
CSEL to the wave generator 100 of FIG. 2 at step S120.

When the level of the output voltage VCAP does not rise
to a value greater than the reference voltage VREF during
the current control period, the correction control circuit 600
adjusts the value of the capacitance control signal CSEL. As
a result, the capacitance value of the capacitance control
replica circuit 530 decreases by a predetermined amount at
step S130.

At step S140, it is then determined whether the capaci-
tance value of the capacitance control replica circuit 530
reaches a minimum value.

If the capacitance has reached the minimum value, the
value of the capacitance control signal CSEL is initialized
and the value of the bias control signal BSEL is adjusted so
that the magnitude of the bias current is increased by a
predetermined amount at step S150 and the operation pro-
ceeds to the step S110.

If the capacitance value has not reached the minimum
value, the process 800 proceeds to the step S110.

The correction control circuit 600 performs the determi-
nation of step S110 once every control period (e.g., equal to
16T). More specifically, the determination at step S110 can
be performed at a time (e.g., the seventh time t7 of FIG. 7)
when the pulse flag PULSE FLAG is activated, based on
whether the lock signal LOCK was asserted at any prior time
in the current control cycle. In an illustrative embodiment,
the correction control circuit 600 includes a latch having an
output that is asserted in response to a rising edge of the lock
signal LOCK and de-asserted when the reset signal RESET
is low, and the correction control circuit 600 samples the
output of the latch on a rising edge of the pulse flag PULSE
FLAG.

FIG. 9 is a circuit diagram showing a triangular wave
generator 2000 according to another embodiment of the
present disclosure.

The triangular wave generator 2000 integrates the wave
generator 100 of FIG. 2 and the wave controller 200 of FIG.
3.

This is based on the fact that the circuits 110, 120, 130,
and 140 of the wave generator 100 and corresponding
circuits 510, 520, 530, and 540 of the replica circuit 500 in
the wave controller 200 have substantially the same con-
figurations, respectively, and the component elements P0' to
Pn', NO' to Nn', SW1' to SWm', and C1' to Cm' of the replica
circuit 500 are substantially identical to the corresponding
respective component elements P0 to Pn, N0 to Nn, SW1 to
SWm, and C1 to Cm of the wave generator 100.

The configuration of the triangular wave generator 2000
shown in FIG. 9 is similar to the configuration of the wave
controller 200 of FIG. 3.

The triangular wave generator 2000 of FIG. 9 further
includes first and second multiplexers 330 and 340 selecting
signals to provide to the signal transfer replica circuit 540
according to a correction mode signal CAL. The triangular
wave generator 2000 of FIG. 9 further includes a demulti-
plexer 350 outputting a signal VCAP from the signal transfer
replica circuit 540 as one of the triangular wave TCLK and
an input signal to a comparator 320 according to the cor-
rection mode signal CAL.

The correction mode signal CAL may be generated in the
correction control circuit 600.
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When the correction mode signal CAL is disabled to have
a first logic value (e.g., a logic low value), the clock signal
CLK is commonly input to the gates of the PMOS transistor
P0' and the NMOS transistor NO' through the first multi-
plexer 330 and the second multiplexer 340, respectively, and
the output voltage VCAP of the capacitance control replica
circuit 530 is output as the triangular wave TCLK through
the demultiplexer 350.

When the correction mode signal CAL is enabled to have
a second logic value (e.g., a logic high value), an output
signal of the pulse generator 400 is input to the gate of the
PMOS transistor P0' through the first multiplexer 330, an
output signal of the inverter 310 is input to the gate of the
NMOS transistor NO' through the second multiplexer 340,
and the output voltage VCAP of the capacitance control
replica circuit 530 is provided to the comparator 320 through
the demultiplexer 350.

Other operations of the triangular wave generator 2000
are similar to the operations of the wave generator 100 of
FIG. 2 and the wave controller 200 of FIG. 3 as described
above, and a detailed description thereof will be omitted
herein for the interest of brevity.

Although various embodiments have been described for
illustrative purposes, it will be apparent to those skilled in
the art that various changes and modifications may be made
without departing from the spirit and scope of the invention
as defined in the following claims.

What is claimed is:

1. A triangular wave generator comprising:

a wave generator configured to generate a triangular wave
according to a clock signal and a control signal; and

a wave controller configured to adjust a value of the
control signal in a correction mode,

wherein the wave controller comprises:

a correction control circuit configured to control the
control signal; and

a correction circuit configured to generate an output
voltage corresponding to the triangular wave during
a predetermined time interval according to the con-
trol signal and to compare the output voltage with a
reference voltage,

wherein the correction control circuit adjusts a value of
the control signal to adjust a maximum level of the
output voltage, and

wherein the correction control circuit exits the correction
mode when the maximum level of the output voltage is
greater than a level of the reference voltage and main-
tains the value of the control signal.

2. The triangular wave generator of claim 1, wherein the
control signal includes a first bias control signal, a second
bias control signal, and a capacitance control signal, and

wherein the wave generator comprises:

a signal transfer circuit configured to receive the clock

signal and to generate the triangular wave;

a first bias control circuit configured to conduct a first
current from a power supply voltage to an output node
of the signal transfer circuit, the first current having a
magnitude according to the first bias control signal;

a second bias control circuit configured to conduct a
second current from the output node of the signal
transfer circuit to a ground, the second current having
a magnitude according to the second bias control
signal; and

a capacitance control circuit coupled between the output
node of the signal transfer circuit and the ground
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terminal, the capacitance control circuit having a
capacitance value according to the capacitance control
signal.

3. The triangular wave generator of claim 2, wherein the
signal transfer circuit comprises a PMOS transistor and an
NMOS transistor, and

wherein gates of the PMOS transistor and the NMOS
transistor are commonly connected, drains of the
PMOS transistor and the NMOS transistor are com-
monly connected, a source of the PMOS transistor is
connected to the first bias control circuit, a source of the
NMOS transistor is connected to the second bias con-
trol circuit, and the drains of the PMOS transistor and
the NMOS transistor are connected to the capacitance
control circuit.

4. The triangular wave generator of claim 2, wherein the
first bias control circuit comprises a PMOS transistor includ-
ing a source connected to the power supply voltage, a drain
connected to the signal transfer circuit, and a gate receiving
the first bias control signal.

5. The triangular wave generator of claim 2, wherein the
second bias control circuit comprises an NMOS transistor
including a source connected to the ground, a drain con-
nected to the signal transfer circuit, and a gate receiving the
second bias control signal.

6. The triangular wave generator of claim 2, wherein the
capacitance control circuit comprises a switch and a capaci-
tor, the switch and the capacitor being connected in series
between the output node of the signal transfer circuit and the
ground, and the switch being controlled according to the
capacitance control signal.

7. The triangular wave generator of claim 1, wherein the
correction control circuit sequentially adjusts the value of
the control signal to increase the maximum level of the
output voltage.

8. The triangular wave generator of claim 1, wherein the
predetermined time interval is substantially equal to a half of
a period of the clock signal.

9. The triangular wave generator of claim 1, wherein the
correction circuit comprises:

a pulse generator configured to generate a pulse signal
including a pulse, the pulse having a width correspond-
ing to the predetermined time interval;

a comparator configured to compare the output voltage
with the reference voltage; and

a replica circuit configured to generate the output voltage
according to the pulse signal of the pulse generator.

10. The triangular wave generator of claim 9, wherein the
control signal includes a first bias control signal, a second
bias control signal, and a capacitance control signal, and

wherein the replica circuit comprises:

a signal transfer replica circuit configured to receive the

clock signal and to generate the output voltage;

a first bias control replica circuit configured to conduct a
first current from a power supply voltage to an output
node of the signal transfer replica circuit, the first
current having a magnitude according to the first bias
control signal;

a second bias control replica circuit configured to conduct
a second current from the output node of the signal
transfer replica circuit to a ground, the second current
having a magnitude according to the second bias con-
trol signal; and

a capacitance control replica circuit coupled between the
output node of the signal transfer replica circuit and the
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ground, the capacitance control replica circuit having a
capacitance value according to the capacitance control
signal.

11. The triangular wave generator of claim 10, wherein
the signal transfer replica circuit comprises a PMOS tran-
sistor and an NMOS transistor, and

wherein gates of the PMOS transistor and the NMOS
transistor are commonly connected, drains of the
PMOS transistor and the NMOS transistor are com-
monly connected, a source of the PMOS transistor is
connected to the first bias control replica circuit, a
source of the NMOS transistor is connected to the
second bias controller replica circuit, and the drains of
the PMOS transistor and the NMOS transistor are
connected to the capacitance control replica circuit.

12. The triangular wave generator of claim 9, wherein the
pulse has a first edge and a second edge, the second edge
being subsequent to the first edge, and

wherein the correction control circuit adjusts a value of
the control signal based on an output signal of the
comparator at a time equal to a sum of a delay time and
a time corresponding to the second edge of the pulse.

13. The triangular wave generator of claim 12, wherein
the delay time is substantially equal to a half of a period of
the clock signal.

14. A triangular wave generator comprising:

a wave generator configured to generate an output voltage

according to an input signal and a control signal;

a comparator configured to compare a reference voltage
with the output voltage corresponding to a triangular
wave in a correction mode;

a correction control circuit configured to adjust a value of
the control signal according to an output signal of the
comparator in the correction mode;

a pulse generator configured to generate a pulse according
to a clock signal;

an inverter configured to invert the clock signal;

a multiplexer configured to provide an output signal of the
pulse generator and an output signal of the inverter to
the wave generator as the input signal in the correction
mode, and to provide the clock signal as the input
signal in a mode other than the correction mode; and

a demultiplexer configured to provide the output voltage
of the wave generator to the comparator in the correc-
tion mode.

15. The triangular wave generator of claim 14, wherein
the control signal includes a first bias control signal, a
second bias control signal, and a capacitance control signal,
and

wherein the wave generator comprises:

a signal transfer circuit configured to receive the input
signal and to output the output voltage corresponding to
a triangular wave;

a first bias control circuit configured to conduct a first
current from a power supply voltage to an output node
of the signal transfer circuit, the first current having a
magnitude according to the first bias control signal;

a second bias control circuit configured to conduct a
second current from the output node of the signal
transfer circuit to a ground, the second current having
a magnitude according to the second bias control
signal; and

a capacitance control circuit coupled between the output
node of the signal transfer circuit and the ground, the
capacitance control circuit having a capacitance value
according to the capacitance control signal.
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16. The triangular wave generator of claim 15, wherein
the correction control circuit sequentially adjusts a value of
the first bias control signal, a value of the second bias control
signal, and a value of the capacitance control signal to
increase a maximum level of the output voltage in the
correction mode.

17. The triangular wave generator of claim 16, wherein
the correction control circuit exits the correction mode when
the maximum level of the output voltage is greater than a
level of the reference voltage and maintains the value of the
first bias control signal, the value of the second bias control
signal, and the value of the capacitance control signal.

18. The triangular wave generator of claim 14, wherein
the pulse has a width substantially equal to a half of a period
of the clock signal.
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