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(57) Abstract: An object is to reduce power consumption of a semiconductor device including a DC-DC converter circuit. The
semiconductor device includes a DC-DC converter circuit and a microprocessor. The DC-DC converter circuit includes a conver-
sion circuit including an inductor and a transistor, and a control circuit including a comparison circuit and a logic circuit. A hys-
teresis comparator is used as the comparison circuit. In the control circuit, the comparison circuit compares an output signal of the
conversion circuit with a first reference potential or a second reference potential, and the logic circuit performs arithmetic opera-
tion between an output signal of the comparison circuit and a clock signal of the microprocessor. In the conversion circuit, the
transistor controls current flowing through the inductor in accordance with an output signal of the logic circuit, and the output sig-
nal of the conversion circuit is generated in accordance with the current flowing through the inductor.
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DESCRIPTION
SEMICONDUCTOR DEVICE AND DISPLAY DEVICE

TECHNICAL FIELD
[0001]

The technical field relates to a semiconductor device and a method for driving
the semiconductor device, and a display device and a method for driving the display

device.

BACKGROUND ART
[0002]

In recent years, a circuit that converts a given DC voltage into another DC
voltage (also referred to as a DC-DC converter circuit or a DC to DC converter) is used
in a variety of electronic devices when a stable power supply voltage is generated from
a voltage with large fluctuation or when a plurality of different power supply voltages
are needed, for example. ’

[0003]

An example of the DC-DC converter circuit is a non-isolated DC-DC converter
circuit formed using a coil, a diode, and a transistor, for example (e.g., Patent Document
1). The non-isolated DC-DC converter circuit has advantages of a small circuit area
and low production cost.

[Reference]
[0004]
Patent Document 1: Japanese Published Patent Application: No. S58-086868

DISCLOSURE OF INVENTION
[0005]

An object is to provide a novel circuit structure or a novel driving method for a
semiconductor device including a DC-DC converter circuit. Another object is to
reducé power consumption of a DC-DC converter circuit. Another object is to

increase the power conversion efficiency of a DC-DC converter circuit.
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[0006]

A semiconductor device includes a DC-DC converter circuit and a
microprocessor. The DC-DC converter circuit is controlled using a clock signal of the
microprocessor and converts an input signal (also referred to as an input voltage) into an
output signal (also referred to as an output voltage).

[0007] _

According to one embodiment of the present invention, a semiconductor device
includes a DC-DC converter circuit and a microprocessor. The DC-DC converter
circuit includes a conversion circuit including an inductor and a transistor, and a control
circuit including a comparison circuit and a logic circuit. A hysteresis comparator is
used as the comparison circuit. In the control circuit, the comparison circuit compares
an output signal of the conversion circuit with a first reference potential or a second
reference potential, and the logic circuit performs arithmetic operation of an output
signal .of the comparison circuit and a clock signal of the microprocessor. In the
conversion circuit, the transistor controls a current flowing through the inductor in
accordance with an output signal of the logic circuit, and the output signal of the
conversion circuit is generated in accordance with the current flowing through the
inductor.

[0008]

According to another embodiment of the present invention, a display device
includes a DC-DC converter circuit, a microprocessor, and a display portion ihcluding a
pixel. The DC-DC converter circuit includes a conversion circuit including an
inductor and a transistor, and a control circuit including a comparison circuit and a logic
circuit. A hysteresis comparator is used as the comparison circuit. In the control
circuit, the comparison circuit compares an output signal of the conversion circuit with
a first reference potential or a second reference potential, and the logic circuit performs
arithmetic operation of an output signal of the comparison circuit and a clock signal of
the microprocessor. In the conversion circuit, the transistor controls a current flowing
through the inductor in accordance with an output signal of the logic circuit, and the
output signal of the conversion circuit is generated in accordance with the current

flowing through the inductor. In the display portion, the pixel is driven in accordance

with the output signal of the conversion circuit.
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[0009]

According to another embodiment of the present invention, a display device
includes a DC-DC converter circuit, a microprocessor, and a display portion including a
pixel. The DC-DC converter circuit includes a conversion circuitv including an
inductor and a transistor, and a control circuit including a comparison circuit, an
amplification circuit, and a logic circuit. A hysteresis comparator is used as the

comparison circuit. In the control circuit, one of a first operation and a second

operation is performed. In the first operation, the comparison circuit compares an

output signal of the conversion circuit with a first reference potential or a second
reference potential, and the logic circuit performs arithmetic operation of an output
signal of the comparison circuit and a clock signal of the microprocessor. In the
second operation, the amplification circuit amplifies a difference between the output
signal of the conversion circuit and a third reference potential, and the comparison
circuit compares an output signal of the amplification circuit with a triangle wave. In
the conversion circuit, the transistor controls a current flowing through the inductor in
accordance with an output signal of the logic circuit through the first operation or an
output signal of the comparison circuit through the second operation, and the output
signal of the conversion circuit is generated in accordance with the current flowing
through the inductor. In the display portidn, one of first driving and second driving is
performed. A video signal is written into the pixel at intervals of from 1 to 600
seconds in the first driving, and at intervals of 1/60 seconds or less in the second driving.
In the display portion, fhe pixel is driven in accordance with the output signal of the
conversion circuit through the first operation when the first driving is performed, and
the pixel is driven in accordance with the output signal of the conversion circuit through
the second operation when the second driving is performed.

[0010]

In a semiconductor device or a display device according to one embodiment of
the present invention, the duty ratio in a DC-DC converter circuit can be precisely
controlled, so that the reliability of the DC-DC converter circuit can be improved.
Moreover, power consumption of the DC-DC converter circuit can be reduced.
Further, the power conversion efficiency of the DC-DC converter circuit can be

increased. In addition, production costs of the semiconductor device or the display
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device can be reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0011]

In the accompanying drawings:

FIGS. 1A to 1D illustrate an example of a semiconductor device;

FIG. 2 illustrates an example of a timing chart;

FIG. 3 illustrates an example of a semiconductor device;

FIGS. 4A and 4B each illustrate an example of a timing chart;

FIG. 5A illustrates an example of a semiconductor device, and FIGS. 5B and
5C each illustrate an example of a timing chart;

FIG. 6A illustrates an example of a semiconductor device, and FIG. 6B
illustrates an example of a timing chart;

FIGS. 7A and 7B illustrate an example of a semiconductor device; -

FIGS. 8A and 8B illustrate an example of a semiconductor device;

FIG. 9 illustrates an example of a timing chart;

FIGS. 10A and 10B illustrate an example of a display device; and

FIGS. 11A to 11D illustrate an example of a semiconductor device.

BEST MODE FOR CARRYING OUT THE INVENTION
[0012]

Embodiments will be described below with reference to the accompanying
drawings. Note that the following embodiments can be implemented in many different
modes, and it is apparent to those skilled in the art that modes and details can be
modified in various ways without departing from the spirit and scope of the present
invention. Therefore, the present invention is not construed as being limited to the
description of the embodiments. In the drawings for explaining the embodiments, the
same portions or portions having similar functions are denoted by the same reference
numerals, and description of such portions is not repeated.

[0013] |
(Embodiment 1) |

In this embodiment, examples of a structure and a driving method of a
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semiconductor device will be described.
[0014]

FIG. 1A is an example of a block diagram of a semiconductor device including
a DC-DC converter circuit.

[0015]

The semiconductor device includes a DC-DC converter circuit 101 and a
microprocessor 103. The DC-DC converter circuit 101 includes a conversion circuit
105 and a control circuit 107. The control circuit 107 includes a comparison circuit
109 and a logic circuit 111. The DC-DC converter circuit 101 generates an output
signal V., by conversion of an input signal Vi,. The output signal V,, is input to a
load 115.

{0016]

FIGS. 1B and 1C each illustrate an example of the conversion circuit 105.
FIG. 1B illustrates a step-up converter (Vi, < Vo), and FIG. 1C illustrates a step-down
converter (Vip > Vou). '

[0017]

The conversion circuit 105 at least includes a transistor Tr and an inductor L.
[0018]

The transistor Tr functions as a switch element and controls current flowing
through the inductor L by being switched on (a conduction state) and off (a
non-conduction state). Note that the state of the transistbr Tr is determined by a pulse
signal generated in the control circuit 107.

[0019]

| The inductor L generates electromotive force depending on the current flowing
therethrough, and generates the output signal Vo, of the conversion circuit 105 (also
called an output signal of the DC-DC converter circuit 101). The current value is
determined by the level of the input signal Vj, or the like. In such a manner, the input
signal Vi, can be converted into the output signal Vg, In this embodiment, the
inductor L is a coil, for example.
[0020]

Next, a specific structure and operation of the conversion circuit 105 will be

described, using the circuit in FIG. 1B.
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[0021]

The conversion circuit 105 in FIG. 1B includes the transistor Tr, the inductor L,
a diode D, and a capacitor C. A gate of the transistor Tr is electrically connected to the
control circuit 107. One of a source and Aa drain of the transistor Tr is electrically
connected to one terminal of the inductor L and an anode of the diode D. The other
terminal of the inductor L is electrically connected to an input terminal to which the
input signal Vj, is input. A cathode of the diode D is electrically connected to one
terminal of the capacitor C and an output terminal from which the output signal V is
output. The other of the source and the drain of the transistor Tr and the other terminal
of the capacitor C are electrically connected to a wiring to which a predetermined
potential is input. Here, the predetermined potential is a ground potential, for example.
[0022]

Note that FIG. 1B illustrates the example in which the diode D is used for
rectification and the capacitor C is used for smoothing; this embodiment is not limited
to using these components. |
[0023]

The conversion circuit 105 has two operations corresponding to the on state
and the off state of the transistor Tr. The conversion circuit 105 steps up the input
signal Vi, by alternately repeating the two operations.

[0024]

First, when the transistor Tr is on, the inductor L generates electromotive force
in accordance with current flowing therethrough. The current value is determined by
the input signal Vi,

[0025] .

Then, when the transistor Tr is off, the inductor L generates reverse
electromotive force so as to maintain the current. The input signal Vj, is added to the
electromotive force generated at this time, and Vs becomes aVij,.

[0026]

Here, o is determined by the ratio of an on-state period to one switching cycle

(an on-state period T,y + an off-state pefiod Tos) of the transistor Tr, that is, by a duty

ratio D (= Ton/(Ton+Tor), Where 0 < D < 1).  In the case of using the step-up circuit, o
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is 1/(1-D) (i.e., a > 1), and the input signal V,, is stepped up.
[0027]

Then, the output signal V., of the conversion circuit 105 is fed back to the
control circuit 107. In the case where a feedback signal Vgg is higher than a desired
level, the control circuit 107 decreases the duty ratio D of the pulse signal. On the
other hand, in the case where the feedback signal Vgp is lower than a desired level, the
control circuit 107 increases the duty ratio D of the pulse signal.

[0028]

Then, the transistor Tr controls the current flowing through the inductor L in
accordance with the duty ratio D of the pulse signal input from the control circuit 107,
and generates the output signal V,,, by conversion of the input signal Vj,.

[0029]

By feeding back the output signal Vo, the control circuit 107 in such a manner,
the output signal Vg, can be closer to a desired level. DC-DC conversion can be
performed in this manner.

[0030]

Similarly, in the case of using the step-down circuit in FIG. 1C, the transistor Tr
is controlled in accordance with the duty ratio D (0 < D < 1) of the pulse signal of the
control circuit 107, and V,, becomes aVi,. In the case of using the step-down circuit,
ais D (i.e., 0 < a < 1), and the input signal Vi, is stepped down.

[0031]

As the transistor Tr, a thin film transistor, a power MOSFET, or the like can be
used, and a p-channel transistor or an n-channel transistor can be used as appropriate.
The transistor Tr may have a top-gate structure or a bottom-gate structure. Moreover,
the transistor Tr may have a channel-etch structure or a channel-stop structure. For a
semiconductor material of the transistor Tr, a silicqn semiconductor such as silicon or
silicon germanium, an oxide sémiconductor,‘ an organic semiconductor, a compound
semiconductor, or the like can be used. Alternatively, an amorphous semiconductor, a
polycrystalline semiconductor, a microcrystalline semiconductor, a single crystal
semiconductor, or the like can be used.

[0032]
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Next, the control circuit 107 will be described. FIG. 1D illustrates an example
of the control circuit 107.

[0033]

The control circuit 107 includes a comparison circuit 109 and a logic circuit
111.

[0034]

As described above, the feedback signal Veg from the conversion circuit 105 is
input to the comparison circuit 109. The comparison circuit 109 compares the
feedback signal Vg with a reference potential V., and outputs a high-level signal (also
referred to as an H signal or Vy) or a low-level signal (also referred to as an L signal or
V1) as an output signal Vi, of the comparison circuit 109.

[0035]

In this embodiment, a hysteresis comparator (HCMP) is used as the
comparison circuit 109. A hysteresis comparator is a circuit that can use two reference
potentials (a reference potential Vs and a reference potential V). The comparison
circuit 109 to which the hysteresis comparator is applied can compare the feedback
signal Vgp with the reference potential V. or the reference potential Vs, and output a
high-level signél or a lJow-level signal. Further, even in the case where the hysteresis
comparator is used, it is possible to employ a structure where one reference potential is
used instead of two reference potentials.

[0036]

The output signal Vi of the comparison circuit 109 and a clock signal CLK
of the microprocessor 103 are input to the logic circuit 111. The logic circuit 111
performs arithmetic operation of these two signals, and generates a pulse signal with a
desired duty ratio D. Then, an output signal Vgg of the logic circuit 111 (also referred
to as an output signal of the control circuit 107 or a gate signal of the transistor Tr) is
output to the gate of the transistor Tr included in the conversion circuit 105. The
on/off state of the transistor Tr is controlled in accordance with the duty ratio D of the
pulse signal.  Such control is called hysteresis control. |
[0037]

In this embodiment, noise of the output signal of the control circuit 107 can be

reduced by using a hysteresis comparator as the comparison circuit 109. Thus, the
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duty ratio D can be precisely controlled. In other words, the output signal V, of the
conversion circuit 105 can be stable, and the reliability of the DC-DC converter circuit
101 can be improved.

[0038]

In this embodiment, the duty ratio D can be precisely controlled by using the
clock signal CLK of the microprocessor 103. In other words, the output signal Vg, of
the conversion circuit 105 can be stable, and the reliability of the DC-DC converter
circuit 101 can be improved. Moreover, the microprocessor 103 can be used also by a
circuit other than the DC-DC converter circuit 101, so that production costs can be
reduced. | |
[0039]

In particular, in the case of using thé step-up circuit illustrated in FIG. 1B, the
use of a hysteresis comparator and the use of the clock signal CLK are extremely
effective because it is theoretically difficult to obtain a desired duty ratio D in the
comparison circuit 109.

[0040]

Next, generation of a pulse signal in the control circuit 107 will be described.

~ [0041]

FIG. 2 is an example of a timing chart of the control circuit 107. The timing
chart in FIG. 2 shows the output signal Vycmp of the comparison circuit 109, the clock
signal CLK of the microprocessor 103, and the output signal Vgs of the logic circuit
111.

[0042]

The comparison circuit 109 outputs the output signal Vyemp of Vﬁ or VL by

~comparing the feedback signal Vep with the reference potential Vi or the reference

potential Viep.
[0043]

The logic circuit 111 performs arithmetic operation of the output signal Vhcmp
and the clock signal CLK of the microprocessor 103. An AND circuit is .used as the
logic circuit 111vin this embodiment; therefore, the output signal Vgs is Vg when both
of the two signals are Vy and is V1 in any other case.

[0044]
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In such a manner, the duty ratio D of the pulse signal is determined in
accordance with the output signal Vgs. Moreover, the on/off state of the transistor Tr
is controlled in accordance with the duty ratio D, and DC-DC conversion is performed.
Aload 115 is driven in response to the converted output signal V.

[0045]

Note that this embodiment shows the example where an AND circuit is used as
the logic circuit 111; alternatively, another logic circuit can be used without limitation to
this example.

[0046]
<Structure of Hysteresis Comparator>

Next, an example of a circuit structure of a hysteresis comparator used as the
comparison circuit 109 will be described with reference to FIG. 3.

[0047]

The hysteresis comparator illustrated in FIG. 3 includes a Comparator 221, a
comparator 222, an inverter 223, an inverter 224, a NOR gate 225, and a NOR gate 226.
[0048] |

The comparator 221 has a first input terminal, a second input terminal, and an

- output terminal. The first input terminal is supplied with a first potential serving as a

reference (also referred to as the reference potential Vi or simply Vien). The second
input terminal is supplied with an input signal of the hysteresis comparator (the
feedback signal Vg in this embodiment).

[0049]

The comparator 222 has a first input terminal, a second input terminal, and an
output terminal. The first input terminal is supplied with the input signal of the
hysteresis comparator (the feedback signal Vgp in this embodiment). The second input
terminal is supplied with a second potential serving as a reference (also referred to as
the reference potential Vi or simply Ver). The reference potential Vs, is smaller
than the reference potential Vies1 (i.€., Viefi > Vien2).

{0050]

The inverter 223 has an input terminal and an output terminal. The input

terminal of the iverter 223 is electrically connected to the output terminal of the

comparator 221.
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[0051]

The inverter 224 has an input terminal and an output terminal. The input
terminal of the inverter 224 is electrically connected to the output terminal of the
comparator 222.

[0052]

The NOR gate 225 has a first input terminal, a second input terminal, and an
output terminal. The first input terminal of the NOR gate 225 is electrically connected
to the output terminal of the inverter 223. Note that a connection point of the first
input terminal of the NOR gate 225 and the output terminal of the inverter 223 is
denoted by a node S.

[0053]

The NOR gate 226 has a first input terminal, a second input terminal, and an
output terminal. The first input terminal of the NOR gate 226 is electrically connected
to the output terminal of the NOR gate 225. The second input terminal of the NOR
gate 226 is electrically connected to the output terminal of the inverter 224. The
output terminal of the NOR gate 226 is electrically connected to the second input
terminal of the NOR gate 225. Note that a connection point of the second input
terminal of the NOR gate 226 and the output terminal of the inverter 224 is denoted by a
node R. In addition, a connection point of the first input terminal of the NOR gate 226
and the output terminal of the NOR gate 225 is denoted by a node Q.

[0054] .

Note that each of the logic circuits (the comparators 221 and 222, the inverters
223 and 224, and the NOR gates 225 and 226) is constituted by transistors, for example.
In this embodiment, each of the logic circuits can be formed using transistors all having
the same conductivity type, in which case a manufacturing process can be simplified.
[0055]

As an example, the hysteresis comparator in FIG. 3 includes two comparators.
The hysteresis comparator compares an input signal of the hysteresis comparator (the
feedback signal Vg in this embodiment) input to each of the two comparators with the |
reference potential (the reference potential Vg or the reference p.otential Vier2), and
outputs a high-level signal (an H signal or Vy) or a low-level signal (an Lsignal or V).

[0056]
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<Operation of Hysteresis Comparator>

Next, an example of operation of the hysteresis comparator used as the:
comparison circuit 109 will be described.
[0057]

For example, the operation of the hysteresis comparator can be classified
according to the followihg cases: the case where the potential of the feedback signal Vgg
(also simply referred to as Vgg) input as the input signal of the hysteresis comparator is
higher than the reference potential Vier; (Ve > Vief1), the case where the potential of the
feedback signal Vgg is higher than the reference potential Vi and lower than the
reference potential Vieri (Vieti > ViB > Vierz), and the case where the potential of the
feedback signal Vg is lower than the reference potential Viery (Viez > Vig).  Each of
the cases will be described below.

[0058]

In the case where Vgg > Vrefl, the potential of the node S becomes Vy and the
pdtential of the node R becomes V. At this time, the potential of the node Q becomes
Vi, and the output signal of the hysteresis comparator in FIG. 3 (also referred to as the
output signal Vicmp) becomes V1.

[0059]

In the case where Vi > YFB > Vier2, the potential of the node S becomes Vi,
and the potential of the node R becomes Vi. At this time, the potential of the node Q
is kept at the state of the node Q in the previous period. For example, when the
potential of the node Q is Vy in the previous period, the potential of the node Q remains
at Vy and the output signal Vi, of the hysteresis comparator also remains at V.
When the potential of the node Q is V. in the previous period, the potential of the node
Q remains at Vi and the output signal Vienp also remains at V.

[0060]

In the case where Vi, > Vg, the potential of the node S becomes V| and the
potential of the node R becomes Vy. At this time, the potential of the node Q becomés
Vu, and the output signal Vi, of the hysteresis comparator becomes Vy.[0061]

Further, an example of the operation of the hysteresis comparator in this

embodiment will be described with reference to FIGS. 4A and 4B. FIGS. 4A and 4B
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are timing charts each explaining an example of the operation of the hysteresis
comparator in this embodiment. FIGS. 4A and 4B each show waveforms of the
feedback signal Vg which is the input signal of the hysteresis comparator, the potential
(Vs) of the node S, the potential (Vg) of the node R, and the output signal (Vnemp) 0Of the
hysteresis comparator.

[0062]

FIG. 4A illustrates an example where the feedback signal Vg, which is the
input signal of the hysteresis comparator, has a triangle wave. The initial state in FIG.
4A is a state where the output signal Vycmp Of the hysteresis comparator is Vi and the
feedback signal Vg satisfies Vier1 > Vig > Vierp.  After that, when the feedback signal
Vs changes from Vg > Vieny t0 Viery > Vi, the potential of the node R changes from
V1 to Vy and the output signal Vycmp changes from Vi to Vy.  Then, when the feedback
signal Vgg changes from Vi > Vg to Vi > Viep, the potential of the node R changes
from Vi to VL. The output signal Vycmp remains at Vy until the potential of the node S
changes from V to Vy. After that, when the feedback signal Vg changes from Vs >
ViR > Viepr t0 Vi > Viei, the potential of the node S changes from Vi to Vg and the
output sighal Vhemp Changes from Vy to Vi. Then, when the feedback signal Vgg
changes from Vgp > Vien t0 Vier1 > Vg, the potential of the node S changes from Vy to
VL. The output signal Vycmp remains at Vi until the potential of the node R changes
from Vi to Vy again. In such a manner, a pulse signal is generated with the hysteresis
comparator. |
[0063]

FIG. 4B illustrates an example where the feedback signal Vg, which is the
input signal of the hysteresis comparator, has a triangle wave and is adversely affected
by noise (i.e., noise overlaps the triangle wave). The initial state in FIG. 4B is a state
where the output signal Vyemp Of the hysteresis comparator is Vi, and the feedback signal
Vis satisfies Vs > Ve > Vierp.  Then, the potential of the node R changes from Vi to
Vy and the output signal Vyemp changes from Vi to Vy at the timing when the feedback
signal Vg changes from Vig > Ve t0 Vierz > Vg for the first time.

[0064]

In FIG. 4B, because of adverse effects of noise of the input signal of the



10

15

20

25

30

WO 2011/145706 14 PCT/JP2011/061593

hysteresis comparator, the relation between the reference potential V. and the
feedback signal Vpg is not stabilized for some time after the feedback signal Vg
changes from Vig > Ve t0 Viery > Vg, The change from Vi > Vpg t0 Vg > Viep
and the change from Vgg > Vi to Viep > Vpp are repeated plural times, and the
potential of the node R is changed accordingly. On the other hand, after becoming Vy,
the output signal Vycmp remains at Vy regardless of the change in the potential of the
node R. The output signal Vyemp remains at Vy until the potential of the node S
changes from Vi to Vy. After that, the feedback signal Vg changes to Vs > Vg >
Vier2.  The output signal Vi, remains at Vi during that time.
[0065]

Then, the potential of the node S changes from VL to Vi and the output signal
Vhemp Changes from Vy to Vi at the timing when the feedback signal Veg changes from
Vier1 > Vi to Vi > Ve for the first time. In FIG. 4B, because of adverse effects of
noise of the input signal, the relation between the reference potential Vs and .the

feedback signal Vpp is not stabilized for some time after the feedback signal Vgg

* changes from Vi > Vip 10 Vig > Vi The change from Vig > Vit 10 Viert > Vg

and the change from V.. > Vgg to Veg > V(e are repeated plural times, and the
potential of the node S is changed accordingly. On the other hand, after becoming Vi,
the output signal Vi, remains at Vi regardless of the change in the potential of the
node S. The output signal Vicmp remains at Vi until the potential of the node R
changes from Vi to Vy again. After that, the feedback signal Vg changes to Ve >
VeB > V. The output signal Vyemp remains at Vi during that time. In such a
manner, a pulse signal is generated with the hysteresis comparator. . '
[0066]

By thus using the hysteresis comparator as the comparison circuit 109 in this

embodiment, noise of the output signal of the comparison circuit 109 can be reduced, so

that noise of the output si'gnal of the control circuit 107 can be reduced. Thus, the duty
ratio D can be precisely controlled. In other words, the output signal V,, of the
conversion circuit 105 can be stable, and the reliability of the DC-DC converter circuit
101 can be improved.

[0067]
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Note that although FIGS. 4A and 4B show that the timing of rise of the output
signal Vicmp i the same as that of rise of the. potential (Vg) of the node R, the timing of
rise of the output signal Vycmp is sometimes delayed as compared to that of rise of the
potential (Vg) of the node R because signal propagation delay occurs. Moreover,
él'though FIGS. 4A and 4B show that the timing of fall of the output signal Vyn, is the
same as that of rise of the potential (V) of the node S, the timing of fall of the output
signal Vhemp 18 sometimes delayed as compared to that of rise of the potential (Vs) of the
node S because signal propagation delay occurs. |
[0068]
<Comparison Example>

FIGS. 5A to 5C illustrate an example of a circuit structure and operation when
a comparator is used as the comparison circuit 109 instead of the hysteresis comparator
shown in this embodiment. FIG. 5A illustrates a circuit.structure when the comparator
is used as the comparison circuit 109. The feedback signal Vgg and the reference
potential V., are input to the comparator. The comparator comparés the feedback
signal Vg with the reference potential V., and outputs an output signal Vpmp.

[0069] | _

FIGS. 5B and 5C each illustrate a timing chart when the comparator is used as
the comparison circuit 109. FIGS. 5B and 5C each show waveforms of the feedback
signal Vg which is an input signal of the comparator and the output signal (Vcmp) of the
comparator. |
[0070]

For example, the operation of the comparator can be classified according to the:
following éases: the case where the potential of the feedback signal Vg (also simply
referred to as Vgp) input as the input signal of the comparator is higher than the
reference potential Vs (Vrs > Vi), and the case where the potential of the feedback
signal Vg is lower than the reference potential Vies (Vier > Vig).  In the case where Vig
> Vi, the output signal V., of the comparétor becomes V1. In the case where Vi >
Vrs, the output signal V., of the comparator becomes Vy.

[0071]
| FIG. 5B illustrates an example where the feedback signal Vig has a triangle

wave. The initial state in FIG. 5B is a state where the output signal V., of the
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comparator is Vi and the feedback signal Vg satisfies Ve > V,s.  After that, when the
feedback signal Vep changes from Vpg > Vs t0 Ve > Vg, the output signal Vg,
changes from Vi to Vp. Filrther, when the feedback signal Vg changes from Vs >
VEB t0 VB > Vi1, the output signal V., changes from Vy to Vi.

[0072]

FIG. 5C illustrates an example where the feedback signal Vg, which is the
input signal of the comparator, has a triangle wave and is adversely affected by noise
(i.e., noise overlaps the triangle wave). The initial state in FIG. 5C is a state where the
output signal V., of the comparator is V. and the feedback signal Vg satisfies Vig >
V.. Then, when the feedback signal Vrg changes from Vgg > Vs to Vier > Vg, the
output signal V., changes from Vi to Vg.

[0073]

In FIG. 5C, because of adverse effects of noise of the input signal of the
comparator, the relation between the reference potential V. and the feedback signal
Vg is not stabilized for some time after the feedback signal Vgp changes from Vg >
Vief t0 Vies > Vi, The change from Vs > Vg to Vg > Vr and the change from Vgg >
Viet 10 Viet > ViR are repeated plural times, and the potential of the output signal Vp, is
changed accordingly.

[0074]

In the case where the comparator is used as the comparison circuit 109 as
described above, a pulse signal is generated and noise is caused at a pulse signal edge.
[0075] |

By using the hysteresis comparator as the comparison circuit 109 in this
embodiment, noise of the output signal of the comparison circuit 109, in particular,
noise caused at a pulse signal edge as illustrated in FIG. 5C can be reduced, so that noise
of the output signal of the control circuit 107 can be reduced. Thus, the duty ratio D
can be precisely controlled. In other words, the output signal V,, of the conversion
circuit 105 can be stable, and the reliability of the DC-DC converter circuit 101 can be
improved.

[0076]

In addition, in this embodiment, the duty ratio D can be precisely controlled by
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using the clock signal CLK of the microprocessor 103. In other words, the output
signal V,, of the conversion circuit 105 can be stable, and the reliability of the DC-DC
converter circuit 101 can be improved. Moreover, the microprocessor 103 can be used
also by a circuit other than the DC-DC converter circuit 101, so that production costs
can be reduced.

[0077]

In particular, in the case of us