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(57) Abstract: A DC-DC converter includes a
power conversion portion including a switching
element; a first resistor having one terminal elec-

124 trically connected to the power conversion por-

Vin (>0)

°© tion; a second resistor having one terminal elec-
Vout (<0) . :

trically connected to the other terminal of the
first resistor; a third resistor having one terminal
electrically connected to the other terminal of
the first resistor; a constant current supply elec-
trically connected to the other terminal of the
third resistor; and a control circuit electrically
connected to the other terminal of the third resis-

tor and configured to control the switching ele-
ment. Resistance R1 of the first resistor, resis-
tance R2 of the second resistor, resistance R3 of
the third resistor, a reference current Iref output
from the constant current supply, and an output
voltage Vout output from the power conversion
portion satisfy a following formula.

Veom (=0)
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DESCRIPTION

DC-DC CONVERTER AND SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001]

The technical field relates to a DC-DC converter and a semiconductor device.

BACKGROUND ART
[0002]

Various electronic devices, electric propulsion vehicles, and the like include
DC-DC converters (also referred to as DC converter circuits or DC to DC power
supplies) that convert a direct current power to another direct current power. For
example, DC-DC converters are utilized for generating a constant output voltage or a
plurality of output voltages with different values on the basis of voltage with large
fluctuation.

[0003]

As an example of the configuration of a DC-DC converter, Patent Document 1
discloses a non-isolated DC-DC converter including a coil, a diode, and a transistor.
[0004]

There are various kinds of non-isolated DC-DC converters such as a step-up
DC-DC converter, a step-down DC-DC converter, an inverting DC-DC converter, and a
step-up and step-down DC-DC converter.

[0005]

Step-up DC-DC converters convert an inputted direct-current voltage into a
direct-current voltage higher than the inputted direct-current voltage and output the
higher direct-current voltage. Step-down DC-DC converters convert an inputted
direct-current voltage into a direct-current voltage lower than the inputted direct-current
voltage and output the lower direct-current voltage. Inverting DC-DC converters have
a configuration in which a coil and a diode of a step-up DC-DC converter interchange
with each other. The inverting DC-DC converters convert an inputted direct-current

voltage into a direct-current voltage with polarity opposite to that of the inputted
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direct-current voltage and output the direct-current voltage with the opposite polarity.
[0006]

Patent Document 2 discloses a step-up DC-DC converter, a step-down DC-DC
converter, and an inverting DC-DC converter as non-isolated DC-DC converters.
[0007]

Patent Document 3 discloses an example of the configuration of an inverting
DC-DC converter. FIG. 6 illustrates a converter controller 610 and a switching
element 606 that are included in an inverting DC-DC converter in Patent Document 3.
[0008]

In FIG. 6, the converter controller 610 includes a negative-to-positive voltage
conversion circuit 601, an error amplifier 603, a pulse width modulation comparator
604, and a buffer transistor 605.

[0009]

From a feedback voltage output terminal of an inverting DC-DC converter, a
feedback voltage (VFB) which is a negative voltage is supplied to a feedback voltage
input terminal 607 of the converter controller 610 without any change. In the
converter controller 610, the negative-to-positive voltage conversion circuit 601
converts the supplied feedback voltage (VFB) which is a negative voltage into a
positive voltage, and an output of the negative-to-positive voltage conversion circuit
601 is input to the error amplifier 603. The error amplifier 603 compares the output of

the negative-to-positive voltage conversion circuit 601 to a reference voltage Vref.

[Reference]

[0010]

[Patent Document 1] Japanese Published Patent Application No. S58-086868
[Patent Document 2] PCT International Publication No. 2008/087781

[Patent Document 3] Japanese Published Patent Application No. 2009-303313

DISCLOSURE OF INVENTION
[0011]
In the inverting DC-DC converter in FIG. 6, a feedback voltage is a negative

voltage; accordingly, the supplied feedback voltage which is a negative voltage needs to
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be converted into a positive voltage in the converter controller 610 in order to compare
the feedback voltage to a reference potential Vref which is a positive voltage.
Therefore, the inverting DC-DC converter in FIG. 6 is provided with the
negative-to-positive voltage conversion circuit 601 with which the feedback voltage is
converted into a positive voltage. In the case where the feedback voltage which is a
negative voltage is converted into a positive voltage in a controller in this manner, the
configuration of the controller becomes complex.

[0012]

Further, as illustrated in FIG. 6, when the controller of an inverting DC-DC
converter needs a complex configuration, a controller utilized in a step-up DC-DC
converter, a step-down DC-DC converter, or the like cannot be used as the controller of
an inverting DC-DC converter.

[0013]

An object of an embodiment of the present invention is to provide a DC-DC
converter that includes a control circuit and has a simple configuration.
[0014]

An object of an embodiment of the present invention is to provide a DC-DC
converter that includes a control circuit having a simple configuration.
[0015]

An embodiment of the present invention is a DC-DC converter. The DC-DC
converter includes a power conversion portion including a switching element, a first
resistor, one of terminals of which is electrically connected to the power conversion
portion, a second resistor, one of terminals of which is electrically connected to the
other of the terminals of the first resistor, a third resistor, one of terminals of which is
electrically connected to the other of the terminals of the first resistor, a constant current
supply electrically connected to the other of the terminals of the third resistor, and a
control circuit electrically connected to the other of the terminals of the third resistor
and configured to control the switching element. Resistance R; of the first resistor,
resistance R, of the second resistor, resistance R3 of the third resistor, a reference current
I¢s output from the constant current supply, and an output voltage V,,; output from the
power conversion portion satisfy following Formula 1.

[0016]
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[Formula 1]}

{(1+&).Rl +R3}'Iref > _I/out
R2
[0017]

The control circuit may include a reference voltage generation circuit and a
control signal generation portion.
[0018]

An embodiment of the present invention is a DC-DC converter. The DC-DC
converter includes a power conversion portion including a switching element, a first
resistor, one of terminals of which is electrically connected to the power conversion
portion, a second resistor, one of terminals of which is electrically connected to the
other of the terminals of the first resistor, a third resistor, one of terminals of which is
electrically connected to the other of the terminals of the first resistor, and a control
circuit electrically connected to the other of the terminals of the third resistor and
configured to control the switching element. The control circuit includes a reference
current generation circuit. Resistance R; of the first resistor, resistance R, of the
second resistor, resistance R; of the third resistor, a reference current /,.; generated by
the reference current generation circuit, and an output voltage Vo, output from the

power conversion portion satisfy following Formula 2.

[0019]
[Formula 2]
{(1 + &) ‘R, + R3}-I,ef >-V.,
RZ
[0020]

The power conversion portion may include a coil, a capacitor, and a diode.
[0021]

The DC-DC converter may be an inverting DC-DC converter or a Cuk DC-DC
converter.
[0022]

An embodiment of the present invention can provide a DC-DC converter that
includes a control circuit and has a simple configuration.

[0023]
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An embodiment of the present invention can provide a DC-DC converter that

includes a control circuit having a simple configuration.

BRIEF DESCRIPTION OF DRAWINGS
[0024]

FIG. 1 illustrates an example of the configuration of a DC-DC converter.

FIG. 2 illustrates an example of the configuration of a control circuit.

FIG. 3 illustrates an example of the configuration of a circuit which generates a
reference current.

FIG. 4 illustrates an example of the configuration of a reference voltage
generation circuit.

FIG. 5 illustrates an example of the configuration of a regulator circuit.

FIG. 6 illustrates an example of the configuration of an inverting DC-DC
converter.

FIGS. 7A to 7D illustrate examples of electronic devices.

FIGS. 8A and 8B illustrate examples of electric propulsion vehicles.

FIG. 9 illustrates a circuit configuration.

FIGS. 10A and 10B each illustrate an example of a lighting device.

FIG. 11 illustrates examples of lighting devices.

FIG. 12 illustrates an example of the configuration of a lighting device.

FIG. 13 illustrates an example of the configuration of a Cuk DC-DC converter

used for a lighting device.

BEST MODE FOR CARRYING OUT THE INVENTION
[0025]

Examples of embodiments describing the present invention will be described
with reference to the drawings. Note that the present invention is not limited to the
following description because it will be easily understood by those skilled in the art that
various changes and modifications can be made without departing from the spirit and
scope of the present invention. Therefore, the present invention should not be
construed as being limited to the following description of the embodiments. In

referring to the drawings, in some cases, the same reference numerals are used in
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common for the same portions in different drawings. Further, in some cases, the same
hatching patterns are applied to similar parts, and the similar parts are not necessarily
designated by reference numerals in different drawings.

[0026]

Note that the contents in different embodiments can be combined with one
another as appropriate. In addition, the contents of the embodiments can be replaced
with each other as appropriate.

[0027]

Further, in this specification, the term "k (k is a natural number)" is used in
order to avoid confusion among components, and the terms do not limit the components
numerically.

[0028]

Note that a difference between potentials at two points (also referred to as a
potential difference) is generally referred to as a voltage. However, in an electric
circuit, a potential difference between the potential at one point and the potential serving
as a reference (also referred to as a reference potential) is used in some cases. Further,
in some cases, Volt (V) is used as the units either of voltage and a potential. Thus, in
this specification, a potential difference between a potential at one point and the
reference potential is sometimes used as a voltage at the point unless otherwise
specified.

[0029]

Note that in this specification, the phrase "A and B are connected to each other"
indicates the case where A and B are directly connected to each other, the case where A
and B are electrically connected to each other, and the like. Specifically, the
description that "A and B are connected to each other" includes cases where A and B are
considered to have substantially the same potential in light of circuit operation, e.g., a
case where A and B are connected through a switching element such as a transistor and
A and B have the potentials substantially the same potential as each other through the
conduction of the switching element, a case where A and B are connected through a
resistor and a potential difference between potentials generated at both ends of the
resistor does not affect operation of a circuit including A and B, and the like.

[0030]
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In this specification, an "on" state of a transistor means a source and a drain
thereof are electrically connected, while an "off" state of a transistor means a source and
a drain thereof are not electrically connected.

[0031]

Note that the present invention includes, in its category, all the semiconductor
devices in which a DC-DC converter can be used: for example, integrated circuits (e.g.,
microprocessors and image processing circuits, RFID (radio frequency identification)
tags, memory media, solar cells, lighting devices including light-emitting elements, and
semiconductor display devices. Further, the semiconductor display devices include
semiconductor display devices using DC-DC converters, such as liquid crystal display
devices, light-emitting devices in which a light-emitting element typified by an organic
light-emitting element (OLED) is provided, electronic paper, digital micromirror
devices (DMD), plasma display panels (PDP), field emission displays (FED), and the
like, in its category.

[0032]
(Embodiment 1)

In this embodiment, an example of the configuration of a DC-DC converter
will be described with reference to FIG. 1. FIG. 1 illustrates the configuration of an
inverting DC-DC converter as an example of a DC-DC converter.

[0033]

In FIG. 1, a DC-DC converter includes a power conversion portion 104, a
resistor 106 (hereinafter, referred to as a first resistor), a resistor 108 (hereinafter,
referred to as a second resistor), a resistor 110 (hereinafter, referred to as a third resistor),
a constant current supply 112, and a control circuit 114.

[0034]

The power conversion portion 104 includes a switching element 102, a coil 132,
a capacitor 134, and a diode 136.
[0035]

A first terminal of the switching element 102 is connected to an input terminal
120, and a second terminal of the switching element 102 is connected to a cathode of
the diode 136. The switching element 102 controls connection between the input

terminal 120 and the cathode of the diode 136. Specifically, an input voltage Vi, is
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input from the input terminal 120 to the DC-DC converter when the switching element
102 is in an on state, and input of the input voltage V;, to the DC-DC converter is
stopped when the switching element is in an off state.

[0036]

A semiconductor element having a switching function may be used as the
switching element 102. In this embodiment, for example, a transistor is described as
the switching element 102. Switching of the transistor can be controlled by a
gate-source voltage V.

[0037]

One of terminals of the coil 132 is connected to the cathode of the diode 136,
and the other of the terminals of the coil 132 is connected to a terminal 122. One of
terminals of the capacitor 134 is connected to an output terminal 124 and the other of
the terminals of the capacitor 134 is connected to the terminal 122. An anode of the
diode 136 is connected to the output terminal 124.

[0038]

One of terminals of the first resistor 106 is connected to the output terminal
124 and the other of the terminals of the first resistor 106 is connected to one of
terminals of the third resistor 110. One of terminals of the second resistor 108 is
connected to the one of the terminals of the third resistor 110 and the other of the
terminals of the second resistor 108 is connected to the terminal 122. The other of the
terminals of the third resistor 110 is connected to the constant current supply 112, and a
reference current I,.s is input from the constant current supply 112.

[0039]

The control circuit 114 is connected between the other of the terminals of the
third resistor 110 and the constant current supply 112. A feedback voltage Vp is
supplied to the control circuit 114.  Further, the control circuit 114 controls ON/OFF of
the switching element 102 by controlling a gate-source voltage V.

[0040]

The input voltage V}, is supplied to the input terminal 120 as an input of the
DC-DC converter. The input voltage V, is supplied to the output terminal 124 through
the power conversion portion 104 as an output voltage V,,, of the DC-DC converter. A

reference potential V., is supplied to the terminal 122.



10

15

20

25

30

WO 2012/026337 9 PCT/JP2011/068334

[0041]

Note that in this specification, a voltage that has a potential higher than the
reference potential V.., (a voltage which is positive with respect to the reference
potential V,,») is a positive voltage, and a voltage that has a potential lower than the
reference potential V,,, (a voltage which is negative with respect to the reference
potential V,,,) is a negative voltage.

[0042]

Note that in this specification, the reference potential Ve, is O V. It is only
necessary for the reference potential V., to be a reference potential with respect to the
input voltage V;,, the output voltage V.., the feedback voltage V5, a reference potential
Vs, and the like. Accordingly, the reference potential V.., may be set at the potential
except for O V (e.g., GND).

[0043]

The DC-DC converter in FIG. 1 obtains the feedback voltage V3 on the basis of
a voltage generated by division of the output voltage V,,, using the resistor 106 and the
resistor 108, with the use of the resistor 110 and the constant current supply 112.

[0044]

Here, the case where the feedback voltage V3 is higher than zero will be
described below.
[0045]

A relation among the feedback voltage Vj, the reference current I and
resistance R3 of the third resistor 110 can be expressed by following Formula 3. In
Formula 3, a voltage of a node between the resistor 106 and the resistor 108 is
expressed by V.

[0046]
[Formula 3]

V=V, +1, "R,
[0047]

Here, a relation between the voltage V,, and current /> flowing through the
second resistor 108 and resistance R of the second resistor 108 can be expressed by
following Formula 4.

[0048]
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[Formula 4]

V,=1,R,
[0049]

A relation between the current I; and current /; flowing through the first resistor
106 can be expressed by following Formula 5. In Formula 5, a reference current that
is supplied from the constant current supply 112 to the one of the terminals of the
second resistor 108 through the third resistor 110 is expressed by Z,..
[0050]
[Formula 5]

I,=1+1,
[0051]

A voltage (the output voltage V,,) supplied to the output terminal 124 is

expressed by following Formula 6. In Formula 6, resistance of the first resistor 106 is

expressed by R;.
[0052]
[Formula 6]
Vee -V, =1,"R,
[0053]

According to Formulas 3 to 6, the feedback voltage V3 can be expressed by

following Formula 7.

[0054]
[Formula 7}
Vot {(1+%)-R1 +R3}-Iref
V _ 2
P R
1+-2
%)

[0055]

Accordingly, the case where the feedback voltage Vp, is a positive voltage (Vp
> 0) is expressed by following Formula 8.

[0056]
[Formula 8]
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{(1+ &) ‘R, + R3}-I,ef >V,
RZ

[0057]

Therefore, the resistance R; of the first resistor 106, the resistance R, of the
second resistor 108, the resistance R; of the third resistor 110, and the reference current
I.s are set so as to satisfy Formula 8; accordingly, the feedback voltage which is a
positive voltage (Vp > 0) can be obtained even when the voltage (the output voltage
Vour) supplied to the output terminal 124 is a negative voltage (Vour < 0).

[0058]

As described above, the resistance R; of the first resistor 106, the resistance R;
of the second resistor 108, the resistance R; of the third resistor 110, and the reference
current I, are set, so that the feedback voltage which is a positive voltage (Vp > 0) can
be obtained. In the control circuit 114, the feedback voltage Vg which is a positive
voltage and the reference potential Vs which is a positive voltage are compared so as to
control the switching element 102, and thus, the configuration of the control circuit 114
need not to be complex. Accordingly, the configuration of the control circuit 114 can
be simple.

[0059]

Note that as a DC-DC converter which outputs the output voltage V,,; which is
a negative voltage in response to the input voltage V;, which is a positive voltage, a Cuk
DC-DC converter is given as well as an inverting DC-DC converter. In the above
description, an inverting DC-DC converter is described, but this embodiment can be
applied to a Cuk DC-DC converter.

[0060]

Other kinds of DC-DC converters are a step-up DC-DC converter, a step-down
DC-DC converter, a single ended primary inductance converter (SEPIC), and the like.
These DC-DC converters output the output voltage V,,, which is a positive voltage in
response to the input voltage Vi, which is a positive voltage. In these DC-DC
converters, the feedback voltage V5 supplied to a control circuit is obtained from the
output voltage V,, which is a positive voltage, and therefore, is a positive voltage.

[0061]
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On the other hand, the inverting DC-DC converter described in this
embodiment has a configuration in which the output voltage V,,, which is a negative
voltage is output in response to the input voltage V;, which is a positive voltage. The
feedback voltage V}p, that is generated on the basis of the output voltage V,,, which is a
negative voltage and that is supplied to the control circuit 114 can be a positive voltage.
Therefore, a control circuit which is used for a step-up DC-DC converter, a step-down
DC-DC converter, or the like can be applied to the inverting DC-DC converter
described in this embodiment without any change.

[0062]
(Embodiment 2)

In this embodiment, an example of the configuration of a control circuit
included in a DC-DC converter will be described with reference to FIG. 2.

[0063]

In FIG 2, a control circuit 200 includes a reference voltage generation circuit
202, a regulator circuit 204, and a control signal generation portion 206. The control
circuit 200 in FIG. 2 corresponds to the control circuit 114 in FIG. 1.

[0064]

The control circuit 200 is connected to a terminal 218. A low power supply
voltage Vi, is supplied from the terminal 218. The control circuit 200 operates with a
voltage between the input voltage Vi, and the low power supply voltage V. Here, the
low power supply voltage Vi, satisfies V;; < Vg with respect to a high power supply
voltage V;,. Note that the low power supply voltage V; may be set at the reference
potential V. In the following description, Vs is O V.

[0065]

The reference voltage generation circuit 202 has a function of generating the
reference potential V... Here, in the case where the input voltage Vi, is a positive
voltage (Vi» > 0), the reference potential V. is a positive voltage (Vs > 0). Further, a
band gap reference circuit, a circuit utilizing a difference among threshold voltages of
transistors, or the like can be used as the reference voltage generation circuit 202.

[0066]
The regulator circuit 204 generates the high power supply voltage V4 on the
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basis of the supplied reference potential Vs and supplies the high power supply voltage
Vaa to the control signal generation portion 206.
[0067]

FIG. 5 illustrates an example of the configuration of the regulator circuit 204.
In FIG. 5, a regulator circuit includes an operational amplifier 504, a transistor 506, a
resistor 511, and a resistor 512.

[0068]

With the regulator circuit in FIG. 5, the high power supply voltage V,; based on
following Formula 9 can be obtained. Here, resistance of the resistor 511 is expressed
by Rs; and resistance of the resistor 512 is expressed by Rsp.

[0069]
[Formula 9]
V= (1+ -135—1) Vi
R52
[0070]

In this manner, the regulator circuit in FIG 5 can generate the high power
supply voltage V4 on the basis of the reference potential Vs supplied from a terminal
501 and can output the high power supply voltage V;; from a terminal 502.

[0071]

Note that the control circuit 200 does not necessarily include the regulator
circuit 204, and the input voltage V;, may be directly supplied to the control signal
generation portion 206 as a power supply.

[0072]

The control signal generation portion 206 includes an error amplifier 212, an
operational amplifier 214, and an oscillator 216.

[0073]

The error amplifier 212 amplifies a difference between the reference potential
Vs and the feedback voltage V and inputs a signal of the amplified difference to the
operational amplifier 214. The operational amplifier 214 compares the signal of the
amplified difference that is input from the error amplifier 212 to a triangular wave (a
sawtooth waveform) that is input from the oscillator 216, adjusts a duty ratio in

accordance with a comparison result, and generates a pulse width modulation (PWM)
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signal. The switching element 102 is controlled by a pulse width modulation signal
that is output from the operational amplifier 214.

[0074]

(Embodiment 3)

In this embodiment, an example of the configuration of a circuit which
generates the reference current I.r and which is provided in a DC-DC converter will be
described.

[0075]

In FIG. 1 described in Embodiment 1, the control circuit 114 and the constant
current supply 112 that generates the reference current I,.s are separately provided. On
the other hand, a circuit which generates the reference current ¢ can be provided in the
control circuit 114, instead of the constant current supply 112.

[0076]

In this embodiment, an example of the configuration of a circuit which
generates the reference current I,.s and which is provided in the control circuit 114 will
be described with reference to FIG. 3.

[0077]

FIG. 3 illustrates an example of the configuration of the circuit that generates
the reference current I (hereinafter, referred to as a reference current generation
circuit). The reference current generation circuit includes a reference voltage
generation circuit 302, an amplifier 304, a transistor 306, a transistor 308, a transistor
310, and a resistor 312. A high power supply voltage V; is supplied from a terminal
316. Alow power supply voltage V; is supplied from a terminal 318.

[0078]

The reference voltage generation circuit 302 has a function of generating the
reference potential V,r. Here, the reference potential V.. is a positive voltage (Vs > 0).
Further, a band gap reference circuit, a circuit utilizing a difference among threshold
voltages of transistors, or the like can be used as the reference voltage generation circuit
302.

[0079]
With the reference current generation circuit in FIG. 3, the reference current /..

based on following Formula 10 can be obtained. Here, resistance of the resistor 312 is
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expressed by Rs.
[0080]
[Formula 10]

[0081]

In this manner, the circuit in FIG. 3 which generates the reference current I,
can generate the reference current I, on the basis of the reference potential V. and can
output the reference current I, from a terminal 314.

[0082]

As the reference voltage generation circuit 302 in FIG. 3, the reference voltage
generation circuit 202 provided in the control circuit 200 described in Embodiment 2
can be utilized. That is to say, the reference potential Vs generated in a reference
voltage generation circuit can be used for the control signal generation portion 206 in
FIG. 2 and the amplifier 304 of the reference current generation circuit in FIG. 3.

[0083]

Accordingly, the constant current supply 112 that generates the reference
current I,.s can be omitted, so that the configuration of a DC-DC converter can be simple
and the DC-DC converter can be miniaturized.

[0084]

The circuit in FIG. 3 which generates the reference current I, can be
incorporated in the control circuit 200. Thus, the configuration of the DC-DC
converter can be simple and the DC-DC converter can be miniaturized.

[0085]
(Embodiment 4)

In this embodiment, an example of the configuration of a reference voltage
generation circuit will be described with reference to FIG. 4. The configuration can be
applied to the reference voltage generation circuit 202 described in Embodiment 2 and
the reference voltage generation circuit 302 described in Embodiment 3.

[0086]
As an example of the configuration of a reference voltage generation circuit, a

reference voltage generation circuit that generates a reference voltage by utilizing a
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band gap of a PIN diode will be described with reference to FIG. 4. Note that the
circuit is also referred to as a band gap reference circuit.
[0087]

In FIG. 4, the band gap reference circuit includes a resistor 411, a resistor 412,
a resistor 413, a PIN diode 421, n (n is a natural number) PIN diodes 422 connected in
parallel, and an operational amplifier 430.

[0088]

With the band gap reference circuit in FIG. 4, the reference potential V¢ based
on following Formula 11 can be obtained. Here, resistance of the resistor 411 is
expressed by Ry, resistance of the resistor 413 is expressed by R, the thermal voltage
of the PIN diode 422 is expressed by kT/q (k: Boltzmann's constant, q: elementary
charge, T: absolute temperature), and a forward voltage of the PIN diode 422 is
expressed by V.  The resistance of the resistor 412 is equal to the resistance of the
resistor 411.

[0089]
[Formula 11]

Vir = 1+& 'k_Tln(”)'*'de
R;) q

[0090]

In this manner, the band gap reference circuit in FIG. 4 can generate the
reference potential V., and can output the reference potential V. from a terminal 402.
[0091]

(Embodiment 5)

The DC-DC converter described in the above embodiment can be used for
various electronic devices. For example, the DC-DC converter can be used for
cameras such as digital cameras or video cameras, mobile phones, personal digital
assistants, e-book terminals, portable game machines, digital photo frames, audio
reproducing devices, and the like.

[0092]

Examples of an electronic device using the DC-DC converter described in the
above embodiment will be described with reference to FIGS. 7A to 7D.
[0093]
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FIG. 7A illustrates an example of a mobile phone. In the mobile phone, a
display portion 2012 is incorporated in a housing 2011. The housing 2011 may
include an operation key 2013, an external connection port 2014, a speaker 2015, a
microphone 2016, an operation key 2017, and the like.

[0094]

The DC-DC converter described in the above embodiment can be used for an
integrated circuit which drives a mobile phone. By using the DC-DC converter
described in the above embodiment for the integrated circuit, a mobile phone which has
an integrated circuit with a simple configuration can be provided.

[0095]

FIG. 7B illustrates an example of an e-book terminal. The e-book terminal
includes two housings of a first housing 2021 and a second housing 2022, which are
combined with each other by a hinge 2023. The first housing 2021 and the second
housing 2022 are connected by the hinge 2023 and can be opened and closed along the
hinge 2023. A first display portion 2024 is incorporated in the first housing 2021. A
second display portion 2025 is incorporated in the second housing 2022. The second
housing 2022 may include an operation key 2026, a power switch 2027, a speaker 2028,
and the like.

[0096]

The DC-DC converter described in the above embodiment can be used for an
integrated circuit which drives an e-book terminal. By using the DC-DC converter
described in the above embodiment for the integrated circuit, an e-book terminal which
has an integrated circuit with a simple configuration can be provided.

[0097]

FIGS. 7C and 7D illustrate an example of a digital camera. Note that FIG. 7D
illustrates a rear side of the digital camera illustrated in FIG. 7C. In the digital camera,
a display portion 2032 is incorporated in a housing 2031. The housing 2031 includes a
lens 2033. The housing 2031 may include an operation key 2034, an operation key
2035, and the like. Further, the digital camera may have an antenna and may make the
display portion 2032 serve as a display medium of a television receiver or the like by
receiving signals such as an image signal and an audio signal in the antenna.

[0098]
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The DC-DC converter described in the above embodiment can be used for an
integrated circuit which drives a digital camera. By using the DC-DC converter
described in the above embodiment for the integrated circuit, a digital camera which has
an integrated circuit with a simple configuration can be provided.

[0099]

The DC-DC converter described in the above embodiment can be used for
various electric propulsion vehicles. For example, the DC-DC converter can be used
for electric cars, hybrid vehicles, train vehicles, maintenance vehicles, carts,
wheelchairs, electric bicycles, or the like.

[0100]

Examples of an electric propulsion vehicle using the DC-DC converter
described in the above embodiment will be described with reference to FIGS. 8A and
8B.

[0101]

FIG. 8A illustrates an example of an electric bicycle. The electric bicycle
obtains power when current flows through a motor unit 2111. An electric bicycle
includes a battery 2112 to which current flowing to the motor unit 2111 is supplied, a
power conversion circuit 2113, a handle 2114, a wheel 2115, a saddle 2116, and the like.
Although FIG. 8A not illustrate a means for charge the battery 2112, an electric
generator or the like may be provided as the means for charging the battery 2112.
Further, although a pedal is illustrated in FIG. 8A, the pedal is not necessarily provided.
[0102]

The DC-DC converter described in the above embodiment can be used for the
power conversion circuit 2113. By using the DC-DC converter described in the above
embodiment for the power conversion circuit 2113, an electric bicycle which has a
power conversion circuit with a simple configuration can be provided.

[0103]

FIG. 8B illustrates an example of an electric car. The electric car obtains
power when current flows through a motor unit 2121. An electric car includes a
battery 2122 to which current flowing to the motor unit 2121 is supplied, a power
conversion circuit 2123, a control circuit 2124 which controls the battery 2122 or the

power conversion circuit 2123, and the like. Although FIG. 8B not illustrate a means
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for charge the battery 2122, an electric generator or the like may be provided as the
means for charging the battery 2122.
[0104]

The DC-DC converter described in the above embodiment can be used for the
power conversion circuit 2123. By using the DC-DC converter described in the above
embodiment for the power conversion circuit 2123, an electric car which has a power
conversion circuit with a simple configuration can be provided.

[0105]

The DC-DC converter described in the above embodiment can be used for
various lighting devices. For example, the DC-DC converter can be used for a lighting
device including a light-emitting diode (LED) element or an electroluminescent (EL)
element. Examples of a lighting device are a desk lamp, an indoor lighting device, a
vehicle light, and the like. A lighting device may be a lighting device with a lighting
portion having a curved surface, a flexible lighting device, or the like.

[0106]

The configuration of a lighting device using the DC-DC converter described in
the above embodiment will be described with reference to FIG. 12.

[0107]

FIG. 12 illustrates an example of the configuration of a lighting device. In
FIG. 12, an alternating-current voltage (e.g., an alternating-current voltage of 100 V)
which is input from an AC power supply is converted into a direct-current voltage in a
rectifier 1202 and is input to a DC-DC converter 1204 as the input voltage V;,. The
DC-DC converter 1204 converts the input voltage V;, and outputs the output voltage
Vou. The output voltage V. is supplied to one of terminals (e.g., a cathode) of a
light-emitting element 1206 from the DC-DC converter 1204. The reference potential
Veom is supplied to the other of the terminals (e.g., an anode) of the light-emitting
element 1206.

[0108]

Note that the rectifier 1202 includes four rectification elements in FIG. 12, but
the configuration of the rectifier 1202 is not limited thereto. Further, as the
light-emitting element 1206, a LED element or an EL element can be used. Moreover,

as the DC-DC converter 1204, the DC-DC converter described in the above
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embodiment can be used.
[0109]

Next, an example in which a Cuk DC-DC converter is used as the DC-DC
converter 1204 described in FIG. 12 will be explained with reference to FIG. 13.

[0110]

FIG. 13 illustrates an example of the configuration of a Cuk DC-DC converter
used for a lighting device. In FIG. 13, a Cuk DC-DC converter 1330 includes a
switching element 1300, a diode 1302, a capacitor 1304, a capacitor 1305, a resistor
1306, a resistor 1308, a coil 1309, a coil 1310, a resistor 1311, a constant current supply
1312, and a control circuit 1314,

[0111]

The output voltage V,, is supplied to one of the terminals (e.g., a cathode) of a
light-emitting element 1340 from the Cuk DC-DC converter 1330. The reference
potential V,,, is supplied to the other of the terminals (e.g., an anode) of the
light-emitting element 1340.

[0112]

In the Cuk DC-DC converter 1330, an input terminal 1320 and the
light-emitting element 1340 are separated by the capacitor 1305. With such a
configuration, elements on the side of the input terminal 1320 can be protected even
when a defect in which the anode and the cathode of the light-emitting element 1340 are
short-circuited, or the like occurs.

[0113]

Then, examples of a lighting device using the DC-DC converter described in
the above embodiment is described with reference to FIGS. 10A and 10B and FIG. 11.
[0114]

FIG. 10A illustrates an example of a desk lamp. The desk lamp in FIG. 10A
includes a lighting portion 3101, a shade 3102, an adjustable arm 3103, a support 3104,
a base 3105, a switch 3106, and the like. The lighting portion 3101 is provided with a
light-emitting device. The DC-DC converter described in the above embodiment can
be used for a circuit which controls the light-emitting device or a driver circuit which
drives the desk lamp. By using the DC-DC converter described in the above

embodiment for these circuits, a desk lamp with a simple circuit configuration can be
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provided.
[0115]

FIG. 10B illustrates another example of a desk lamp as an example of a lighting
device including a lighting portion having a curved surface. The desk lamp in FIG.
10B includes a lighting portion 3201, a support 3202, a supporting base 3203, and the
like. The lighting portion 3201 is provided with a light-emitting device. Further, the
lighting portion 3201 can have a curved surface. Note that although in FIG 10B, a
rolled lighting portion is used as the lighting portion 3201, a shape of the lighting
portion 3201 is not limited thereto. By using a lighting portion having a curved
surface, the lighting device can be designed more freely. The DC-DC converter
described in the above embodiment can be used for a circuit which controls the
light-emitting device or a driver circuit which drives the desk lamp. By using the
DC-DC converter described in the above embodiment for these circuits, a desk lamp
with a simple circuit configuration can be provided.

[0116]

Note that in FIG. 10B, the desk lamp includes a lighting portion having a
curved surface, but this embodiment is not limited thereto. A lighting portion having a
curved surface can be used for various lighting devices. Thus, a lighting device which
has a simple circuit configuration and which is provided in a lighting portion having a
curved surface can be provided.

[0117]

In addition, the DC-DC converter described in the above embodiment can be
used for a flexible lighting device. In this case, the lighting device can be designed
more freely. Further, a flexible lighting device can be provided over an object having a
curved surface and an object having a complex form; accordingly, the lighting device
can be used more widely. For example, in the case where a flexible lighting device is a
lighting device of a vehicle (e.g., a car), the lighting device can be provided for a ceiling,
a dashboard, a windshield, and the like. Thus, a flexible lighting device having a
simple circuit configuration can be provided.

[0118]

FIG. 11 illustrates an example of an indoor lighting device. In FIG 11, a

lighting device 3301 is provided on a ceiling, and a lighting device 3302 is provided on
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(installed on or embedded in) a wall. Further, a rolled lighting device 3303 is provided.
The DC-DC converter described in the above embodiment can be used for a circuit
which controls the light-emitting device included in the lighting device or a driver
circuit which drives the lighting device. By using the DC-DC converter described in
the above embodiment for these circuits, an indoor lighting device having a simple
circuit configuration can be provided.

[Example 1]

[0119]

In this example, the result of measuring the feedback voltage Vp which is a
positive voltage obtained on the basis of the output voltage V,,, which is a negative
voltage is illustrated.

[0120]

FIG. 9 illustrates a circuit configuration used in this example. The circuit
configuration in FIG. 9 corresponds to part of a DC-DC converter.
[0121]

In this example, as illustrated in FIG. 9, a resistor 906 (hereinafter, referred to
as a first resistor), a resistor 908 (hereinafter, referred to as a second resistor), a resistor
910 (hereinafter, referred to as a third resistor), a constant current supply 912, and a
control circuit 914 are used for a circuit configuration.

[0122]

One of terminals of the first resistor 906 was connected to an output terminal
924 and the other of the terminals of the first resistor 906 was connected to one of
terminals of the third resistor 910. One of terminals of the second resistor 908 was
connected to the one of the terminals of the third resistor 910 and the other of the
terminals of the second resistor 908 was connected to a terminal 922. The other of the
terminals of the third resistor 910 was connected to the constant current supply 912, and
a reference current /s was input from the constant current supply 912.

[0123]

The control circuit 914 was connected between the other of the terminals of the
third resistor 910 and the constant current supply 912. A feedback voltage Vj was
supplied to the control circuit 914.

[0124]



10

15

20

25

WO 2012/026337 23 PCT/JP2011/068334

Here, resistance R; of the first resistor 906 was set at 100 k<, resistance R; of
the second resistor 908 was set at 1 k€, the reference current /,.¢ input from the constant
current supply 912 was set at 2 uA, and the reference potential V.., supplied to the
terminal 922 was set at 0 V.

[0125]

Table 1 shows result of measuring the following values with changing
resistance R3 of the third resistor 910: the output voltage V,, output from the output
terminal 924, the voltage V, of a node between the resistor 906 and the resistor 908, and

the feedback voltage V.

[0126]
[Table 1]
R; [kQ] Vour [V] Va[V] Vo [V]
883 -12.9 -0.123 1.63
862 -8.9 -0.087 1.59
838 -4.8 -0.046 1.55
[0127]

As shown in Table 1, it is confirmed that the feedback voltage Vj, which is a
positive voltage can be obtained on the basis of the output voltage V,, which is a

negative voltage.

EXPLANATION OF REFERENCE
[0128]

102: switching element; 104: power conversion portion; 106: resistor; 108:
resistor; 110: resistor; 112: constant current supply; 114: control circuit; 120: input
terminal; 122: terminal; 124: output terminal; 132: coil; 134: capacitor; 136: diode; 200:

control circuit; 202: reference voltage generation circuit; 204: regulator circuit; 206:

control signal generation portion; 212: error amplifier; 214: operational amplifier; 216:

oscillator; 218: terminal; 302: reference voltage generation circuit; 304: amplifier; 306:

transistor; 308: transistor; 310: transistor; 312: resistor; 314: terminal; 316: terminal;
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318: terminal; 401: terminal; 402: terminal; 411: resistor; 412: resistor; 413: resistor;
421: PIN diode; 422: PIN diode; 430: operational amplifier; 501: terminal; 502:
terminal; 504: operational amplifier; 506: transistor; 511: resistor; 512: resistor; 601:
negative-to-positive voltage conversion circuit; 603: error amplifier; 604: pulse width
modulation comparator; 605: buffer transistor; 606: switching element; 607: feedback
voltage input terminal; 610: converter controller; 906: resistor; 908: resistor; 910:
resistor; 912: constant current supply; 914: control circuit; 922: terminal; 924: output
terminal; 1202: rectifier; 1204: DC-DC converter; 1206: light-emitting element; 1300:
switching element; 1302: diode; 1304: capacitor; 1305: capacitor; 1306: resistor; 1308:
resistor; 1309: coil; 1310: coil; 1311: resistor; 1312: constant current supply; 1314:
control circuit; 1320: input terminal; 1330: Cuk DC-DC converter; 1340: light-emitting
element; 2011: housing; 2012: display portion; 2013: operation key; 2014: external
connection port; 2015: speaker; 2016: microphone; 2017: operation key; 2021: housing;
2022: housing; 2023: hinge; 2024: display portion; 2025: display portion; 2026:
operation key; 2027: power switch; 2028: speaker; 2031: housing; 2032: display
portion; 2033: lens; 2034: operation key; 2035: operation key; 2111: motor unit; 2112:
battery; 2113: power conversion circuit; 2114: handle; 2115: wheel; 2116: saddle; 2121:
motor unit; 2122: battery; 2123: power conversion circuit; 2124: control circuit; 3101:
lighting portion; 3102: shade; 3103: adjustable arm; 3104: support ; 3105: base; 3106:
switch; 3201: lighting portion; 3202: support ; 3203: supporting base; 3301: lighting
device; 3302: lighting device; 3303: lighting device

This application is based on Japanese Patent Application serial no.
2010-189490 filed with the Japan Patent Office on August 26, 2010, and Japanese
Patent Application serial no. 2011-087854 filed with the Japan Patent Office on April 12,

2011, the entire contents of which are hereby incorporated by reference.
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CLAIMS

1. ADC-DC converter comprising:

a power conversion portion including a switching element;

a first resistor, one of terminals of which is electrically connected to the power
conversion portion;

a second resistor, one of terminals of which is electrically connected to the
other of the terminals of the first resistor;

a third resistor, one of terminals of which is electrically connected to the other
of the terminals of the first resistor;

a constant current supply electrically connected to the other of the terminals of
the third resistor; and

a control circuit electrically connected to the other of the terminals of the third
resistor and configured to control the switching element,

wherein a resistance R; of the first resistor, a resistance R, of the second
resistor, a resistance R3; of the third resistor, a reference current /.. output from the
constant current supply, and an output voltage V,,, output from the power conversion

portion satisfy a following formula:

1+& ‘R +Ry -1, . >V, .
R2 re; ou

2. The DC-DC converter according to claim 1,
wherein the control circuit comprises a reference voltage generation circuit and

a control signal generation portion.

3. The DC-DC converter according to claim 1,
wherein the other of the terminals of the second resistor is electrically

connected to a terminal to which a reference potential is supplied.

4. The DC-DC converter according to claim 1,

wherein the power conversion portion comprises a coil, a capacitor, and a
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diode.

5. The DC-DC converter according to claim 1,

wherein the DC-DC converter is an inverting DC-DC converter.

6. The DC-DC converter according to claim 1,
wherein the DC-DC converter is a Cuk DC-DC converter.

7. ADC-DC converter comprising:

a power conversion portion including a switching element;

a first resistor, one of terminals of which is electrically connected to the power
conversion portion;

a second resistor, one of terminals of which is electrically connected to the
other of the terminals of the first resistor;

a third resistor, one of terminals of which is electrically connected to the other
of the terminals of the first resistor; and

a control circuit electrically connected to the other of the terminals of the third
resistor and configured to control the switching element,

wherein the control circuit comprises a reference current generation circuit, and

wherein a resistance R; of the first resistor, a resistance R, of the second
resistor, a resistance R3; of the third resistor, a reference current I,.; generated by the
reference current generation circuit, and an output voltage V,,, output from the power

conversion portion satisfy a following formula:

{(1+&)-R1 +R3}-I,ef >V, .
R2

8. The DC-DC converter according to claim 7,
wherein the other of the terminals of the second resistor is electrically

connected to a terminal to which a reference potential is supplied.
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9. The DC-DC converter according to claim 7,
wherein the power conversion portion comprises a coil, a capacitor, and a

diode.

10. The DC-DC converter according to claim 7,

wherein the DC-DC converter is an inverting DC-DC converter.

11. The DC-DC converter according to claim 7,
wherein the DC-DC converter is a Cuk DC-DC converter.

12. A semiconductor device comprising:

a DC-DC converter, to which a positive voltage with respect to a reference
potential is input and from which a negative voltage with respect to the reference
potential is output, the DC-DC converter comprising:

a power conversion portion including a switching element;

a first resistor, one of terminals of which is electrically connected to
the power conversion portion;

a second resistor, one of terminals of which is electrically connected to
the other of the terminals of the first resistor;

a third resistor, one of terminals of which is electrically connected to
the other of the terminals of the first resistor;

a constant current supply electrically connected to the other of the
terminals of the third resistor; and

a control circuit electrically connected to the other of the terminals of
the third resistor and configured to control the switching element,

wherein a resistance R; of the first resistor, a resistance R, of the
second resistor, a resistance R3 of the third resistor, a reference current /.. output from
the constant current supply, and an output voltage V,, output from the power

conversion portion satisfy a following formula:
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1+& ‘R+R, -1 >-V .
R 1 3 ref out
2

13. The semiconductor device according to claim 12,
wherein the other of the terminals of the second resistor is electrically

connected to a terminal to which the reference potential is supplied.

14. The semiconductor device according to claim 12,

wherein the DC-DC converter is an inverting DC-DC converter or a Cuk

DC-DC converter.
15. An electronic device using the semiconductor device according to claim 12.

16. The electronic device according to claim 12,
wherein the electronic device is a camera, a mobile phone, a personal digital
assistant, an e-book terminal, a portable game machine, a digital photo frame, or an

audio reproducing device.

17. A semiconductor device comprising:

a DC-DC converter, to which a positive voltage with respect to a reference
potential is input and from which a negative voltage with respect to the reference
potential is output, the DC-DC converter comprising:

a power conversion portion including a switching element;

a first resistor, one of terminals of which is electrically connected to
the power conversion portion;

a second resistor, one of terminals of which is electrically connected to
the other of the terminals of the first resistor;

a third resistor, one of terminals of which is electrically connected to
the other of the terminals of the first resistor; and

a control circuit electrically connected to the other of the terminals of

the third resistor and configured to control the switching element,
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wherein the control circuit comprises a reference current generation
circuit, and

wherein a resistance R; of the first resistor, a resistance R, of the
second resistor, a resistance R3 of the third resistor, a reference current I,5 generated by
the reference current generation circuit, and an output voltage V,, output from the

power conversion portion satisfy a following formula:

1+& -R+R VT >-V .
R 1 3 ref out
2

18. The semiconductor device according to claim 17, ‘
wherein the other of the terminals of the second resistor is electrically

connected to a terminal to which the reference potential is supplied.

19. The semiconductor device according to claim 17,
wherein the DC-DC converter is an inverting DC-DC converter or a Cuk

DC-DC converter.

20. An electronic device using the semiconductor device according to claim

17.

21. The electronic device according to claim 17,
wherein the electronic device is a camera, a mobile phone, a personal digital
assistant, an e-book terminal, a portable game machine, a digital photo frame, or an

audio reproducing device.
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