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IN THE SPECIFICATION:

The attached substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3) and
1.125 replaces all prior versions. A substitute specification with markings showing all the
changes relative to the immediate version of the specification of record and a substitute
specification in clean version (without markings) is herein provided. No new matter is

added to the substitute specification (37 CFR 1.125).

Please add the following CROSS REFERENCE TO RELATED APPLICATIONS
paragraph to the first page of the application after the Title and before the
BACKGROUND OF THE INVENTION:

Cross Reference To Related Applications

This is a U.S. national stage of application No. PCT/JP2006/324029, filed on 30
November 2006. Priority under 35 U.S.C. §119(a) and 35 U.S.C. §365(b) is claimed from
Japanese Application No. 2005-356077, filed 9 December 2005, the disclosure of which is

also incorporated herein by reference.
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IN THE CLAIMS:

1. (Original) A power supply apparatus comprising:

a switching power supply which stabilizes an input voltage provided from
outside;

a reference voltage source which generates a predetermined reference voltage;
and

a linear regulator which stabilizes the input voltage, based on the reference
voltage generated by the reference voltage source; wherein

an output voltage of the linear regulator is supplied as a power supply voltage of

a controller of the switching power supply and the reference voltage source.

2. (Original) A power supply apparatus according to claim 1, wherein

the linear regulator is configured to enable switching of a regulation mode in
which a voltage is outputted according to the reference voltage, and a bypass mode in
which the input voltage is outputted as it is, with no relation to the reference voltage, and

when the power supply apparatus is started up, the linear regulator operates in
the bypass mode, during a time period until the reference voltage reaches a predetermined
voltage value, and when the reference voltage exceeds the predetermined voltage value,

operates in the regulation mode.

3. (Original) A power supply apparatus according to claim 2, wherein the linear
regulator comprises:

an operational amplifier to which are inputted the reference voltage and a
feedback voltage corresponding to the output voltage of the linear regulator;

a transistor in which an error voltage outputted from the operational amplifier is
inputted to a control terminal, and the input voltage is applied to an end, and which
outputs the output voltage from another end; and

a switch circuit which changes electrical potential of a control terminal of the

transistor, in the bypass mode, and forcibly turns the transistor ON.

PRM-0155 3
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4. (Original) A power supply apparatus according to claim 3, wherein the switch
circuit includes a switch arranged between a terminal with a fixed electrical potential and

the control terminal of the transistor, which is ON in the bypass mode.

5. (Original) A power supply apparatus according to claim 2, wherein,

when the reference voltage generated by the reference voltage source reaches a
predetermined voltage value, the reference voltage source outputs a mode control signal
of a predetermined level, and

when the mode control signal outputted from the reference voltage source

becomes the predetermined level, the linear regulator transitions to the regulation mode.

6. (Original) A power supply apparatus according to claim 5, wherein the
reference voltage source generates the mode control signal based on current flowing in a

transistor that is ON when the reference voltage reaches a predetermined voltage value.

7. (Currently Amended) A power supply apparatus according to any-of
elaims1-threugh-6claim 1, wherein the reference voltage source, the linear regulator, and
the controller of the switching power supply are integrated on one semiconductor

substrate.

8. (Currently Amended) A power supply apparatus according to any-ef
elaims1-threugh-6claim 1, wherein the switching power supply is a step-up switching

regulator which steps up the input voltage.

9. (Original) An electronic device comprising:

a battery;

a load circuit; and

the power supply apparatus according to claim 8, which has voltage of the

battery as an input voltage, and steps up the voltage to supply the load circuit.
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10. (Original) An electronic device according to claim 9, further
comprising an imaging unit, wherein the load circuit includes a xenon tube which

operates as a flash when an image is taken by the imaging unit.

11. (Original) A semiconductor device comprising:

a reference voltage source which generates a predetermined reference voltage;
and

a linear regulator which stabilizes an input voltage, based on the reference
voltage generated by the reference voltage source; wherein

the semiconductor device supplies an output voltage of the linear regulator as a

power supply voltage of the reference voltage source.

12. (Original) A semiconductor device according to claim 11, wherein

the linear regulator is configured to enable switching of a regulation mode in
which a voltage is outputted according to the reference voltage, and a bypass mode in
which the input voltage is outputted as it is, with no relation to the reference voltage, and

when the semiconductor device is started up, the linear regulator operates in the
bypass mode, during a time period until the reference voltage reaches a predetermined
voltage, and when the reference voltage exceeds the predetermined voltage, operates in

the regulation mode.
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IN THE ABSTRACT:

Please add the following Abstract starting on a new page after the Claims section:

A linear regulator is provided which stabilizes an input voltage based on a
reference voltage source that generates a reference voltage, and the reference voltage
generated by the reference voltage. An output voltage of the linear regulator is supplied
as a power supply voltage of a switching controller and the reference voltage source. The
linear regulator is configured to enable switching of a regulation mode in which voltage
is outputted according to the reference voltage, and a bypass mode in which an input
voltage is outputted as it is, with no relation to the reference voltage. When a power
supply apparatus is started up, during a time period until the input voltage reaches a
predetermined threshold voltage, the linear regulator operates in the bypass mode, and

when the input voltage exceeds the threshold voltage, operates in the regulation mode.
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REMARKS

Applicants request entry of the present amendments. No new matter is being
introduced by this Amendment as support is set forth in the original specification and in
the original claims.

Prosecution on the merits is respectfully requested.

The Examiner is invited to contact Applicant’s Attorneys at the below-listed
telephone number regarding this Preliminary Amendment or otherwise regarding the
present application.

If there are any charges with respect to this Amendment or otherwise, please

charge them to Deposit Account No. 06-1130 maintained by Applicant’s attorneys.

Respectfully submitted,

By:/Daniel P. Lent/
Daniel P. Lent
Registration No. 44,867
CANTOR COLBURN LLP
20 Church Street
22™ Floor
Hartford, CT 06103
Telephone (860) 286-2929
Facsimile (860) 286-0115
Customer No. 23413

Date: June 9, 2008
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SUBSTITUTE SPECIFICATION — MARKED-UP VERSION
POWER SUPPLY APPARATUS DEVICE,—ELECTRONIC DEVICE-USING THE SAME
AND—SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

TECHNICAL—FIELD
[0001] The present invention relates to power supply

apparatuses, and 1in particular to technology for generating

stable voltage that is not affected by noise.

2. Description of the Related Art

REEATEDART

[0002] In various kinds of electronic devices, in order to
supply a voltage higher or a voltage lower than a power supply
voltage supplied from a battery or the like, to a load circuit,
a step-up or a step-down switching power supply is used. For
example, Patent Documents 1 and 2 disclose an insulating DC/DC
converter as a switching power supply.

[0003] This type of switching power supply is configured to
have a switching element for controlling current flowing in an
inductor or a transformer. In this switching power supply,
switching noise is generated from the switching element which
turns ON and OFF at a high frequency during a stepping up or
stepping down operation.

Patent Document 1: 2004-201474
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Patent Document 2: 2005-73483

PESCHOSURE—OF—THE—TNVENTION
PROBHEMS—TF 0PSO DB Y—FHE—INVENTEON

[0004] A switching power supply is provided with a control
circuit which controls ON and OFF states of a switching element.
This control circuit turns ON and OFF the switching element, based
on a reference voltage outputted from a reference voltage source
such as a bandgap reference circuit or the like, and stabilizes
output voltage of the switching power supply.

[0005] Here, switching noise generated by the switching
element has an impact on another circuit block connected via power
supply wiring or the like. When the switching noise is inputted
to the reference voltage source, since the noise is superimposed
on the reference voltage, there is a risk that a stepping up or

a stepping down operation will be hindered.

SUMMARY OF THE INVENTION

[0006] The present invention has been made in light of these
problems, and a general purpose thereof is to provide a power
supply apparatus which can generate a stabilized voltage without

being affected by the noise, and a semiconductor device.

MEANS—FOR—SOEVING—THEPROBEEMS
[0007] The power supply apparatus of an embodiment of the

present invention is provided with a switching power supply which

RM-70144WO
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stabilizes an input voltage provided from outside, a reference

voltage source which generates a predetermined reference voltage,

and a linear regulator which stabilizes the input voltage, based
on the reference voltage generated by the reference voltage source.
An output voltage of the linear regulator is supplied as a power
supply voltage of a control circuit of the switching power supply
and the reference voltage source.

[0008] According to the embodiment, since the reference
voltage source generates the reference voltage, with the output
voltage of the linear regulator as the power supply voltage, an

impact of noise generated in the switching element can be reduced,

and it is possible to generate the reference voltage with a small

noise component.

[0009] The linear regulator may be configured to enable
switching of a regulation mode in which wvoltage is outputted
according to the reference voltage, and a bypass mode in which
input voltage is outputted as it is, with no relation to the
reference voltage. When the present power supply apparatus is

started up, the linear regulator may operate in the bypass mode,

during a time period until the reference voltage reaches a

predetermined voltage wvalue, and when the reference voltage
exceeds the predetermined wvoltage value, may operate in the
regulation mode.

[0010] In such cases, at the startup time, since the input
voltage from the linear regulator is outputted as it is, when the

reference voltage is lower than a threshold voltage, the input

RM-70144WO
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voltage is supplied as it is, to the reference voltage source.
When the wvoltage supplied to the reference voltage source
increases, the reference voltage source starts normal operation,
and the reference voltage rises and exceeds a predetermined
voltage wvalue. When the reference voltage exceeds the
predetermined voltage value, since the linear regulator operates
in the regulation mode, a voltage that is stabilized by the linear
regulator is supplied as the power supply voltage to the reference
voltage source. As a result, the present power supply apparatus
including the reference voltage source is started up in a
preferred manner.

[0011] The linear regulator may have a configuration
provided with an operational amplifier to which are inputted the
reference voltage and a feedback voltage corresponding to the
output voltage of the linear regulator; a transistor in which an
error voltage outputted from the operational amplifier is
inputted to a control terminal, and which outputs the output
voltage from another end; and a switch circuit which changes
electrical potential of the control terminal of the transistor,
in the bypass mode, and forcibly turns the transistor ON. The
switch circuit may include a switch arranged between a terminal
with a fixed electrical potential and the control terminal of the
transistor, which is ON in the bypass mode.

[0012] When in the bypass mode, by turning the transistor
fully ON using the switch circuit, it is possible to output the

input voltage from the linear regulator, as it is.

RM-70144WO
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[0013] When the reference voltage generated by the reference
voltage source reaches a predetermined voltage wvalue, the
reference voltage source may output a mode control signal at a
predetermined level, and when the mode control signal outputted
from the reference voltage source reaches a predetermined level,
the linear regulator may transition to the regulation mode. The
reference voltage source may generate the mode control signal
based on current flowing in the transistor that is ON when the
reference voltage reaches the predetermined voltage value.
[0014] In such cases, before the reference voltage reaches
the predetermined value, the linear regulator goes into the bypass
mode and outputs the input voltage as it is, and after the
predetermined value has been reached, transitions to the
regulation mode, so that the input voltage can be stabilized based
on the reference voltage that has been stabilized.

[0015] The reference voltage source, the linear regulator,
and the control circuit of the switching power supply may be
integrated on one semiconductor substrate. "Integrated”
includes cases in which all component elements of the circuit are
formed on the semiconductor substrate, and cases in which main
component elements of the circuit are integrated, and some
resistors, capacitors, or the like, for adjusting a circuit
constant, may be arranged outside the semiconductor substrate.
[0016] The switching power supply may be a step-up switching
regulator which steps up the input voltage. In such cases, the

noise generated in the switching element runs into the reference

RM-70144WO
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voltage source, via an inductor or a transformer, but the
reference voltage source curtails the impact of this noise, and
it is possible to generate the stabilized reference voltage.
[0017] Another embodiment of the present invention is an
electronic device. The electronic device is provided with a
battery, a load circuit, and the abovementioned power supply
apparatus which has voltage of the battery as an input voltage,
and which steps up this voltage to supply the load circuit. This
electronic device may be further provided with an imaging unit.
Furthermore, the load circuit may include a xenon tube which
operates as a flash when an image is taken by the imaging unit.
[0018] Another embodiment of the present invention relates
to a semiconductor device. The semiconductor device is provided
with a reference voltage source which generates a predetermined
reference voltage, and a linear regulator which stabilizes input
voltage, based on the reference voltage generated by the reference
voltage source. The semiconductor device supplies an output
voltage of the linear regulator as a power supply voltage of the
reference voltage source.

[0019] In the semiconductor device of this embodiment also,
the linear regulator may be configured to enable switching of a
regulation mode in which a voltage is outputted according to the
reference voltage, and a bypass mode in which the input voltage
is outputted as it is, with no relation to the reference voltage.
When the present semiconductor device is started up, the linear

regulator may operate in the bypass mode, during a time period
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until the input voltage reaches a predetermined threshold voltage,
and when the input voltage exceeds the threshold voltage, may

operate in the regulation mode.
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It is to be noted that any arbitrary combination or

rearrangement of the above-described structural components and

so forth is effective as and encompassed by the present

embodiments.

Moreover, this summary of the invention does not

necessarily describe all necessary features so that the invention

may also be a sub-combination of these described features.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example only,

with reference to the accompanying drawings which are meant to

be exemplary, not 1imiting, and wherein like elements are numbered

alike in several Figures, in which:

RM-70144WO
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[0022] Fig. 1 is a block diagram showing a configuration of
a power supply apparatus according to an embodiment;

Fig. 2 is a block diagram showing a configuration of an
electronic device in which the power supply apparatus of Fig. 1
is installed;

Fig. 3 is a circuit diagram showing a configuration of a
linear regulator of Fig. 1;

Fig. 4 is a circuit diagram showing a configuration of a
reference voltage source of Fig. 1;

Figs. bA and 5B are time charts of the power supply apparatus
of Fig. 1 at startup time and during stable operation; and

Figs. 6A to 6C are time charts of the power supply apparatus

of Fig. 1 at startup time and during stable operation.

DETATILED DESCRIPTION OF THE INVENTION

BEST-MODE—FOR-CARRYINGOUTTHEINVENTION

[0023] The invention will nowbe describedbased on preferred
embodiments which do not intend to 1imit the scope of the present
invention but exemplify the invention. All of the features and
the combinations thereof described in the embodiment are not
necessarily essential to the invention.

[0024] Fig. 1 is a block diagram showing a configuration of
a power supply apparatus 100 according to an embodiment. Fig.
2 i1s a block diagram showing a configuration of an electronic
device 300 in which the power supply apparatus 100 of Fig. 1 is
installed. The electronic device 300 is a mobile telephone in

RM-70144WO

Page 15 of 301




10

15

20

25

which a camera is installed, and is provided with a battery 310,
a communication processor 312, a DSP (Digital Signal Processor)
314, an imaging unit 316, and a light emitting device 200.
[0025] The battery 310 is, for example, a lithium-ion battery,
and is provided as a power supply of the electronic device 300.
The battery 310 outputs a voltage of about 3 to 4 V as a battery
voltage Vbat. The DSP 314 is a block which performs overall
control of the entire electronic device 300, and is connected to
the communication processor 312, the imaging unit 316, and the
light emitting device 200. The communication processor 312
includes an antenna, a high frequency circuit, and the like, and
is a block which performs communication with a base station. The
imaging unit 316 is an imaging device such as a CCD (Charge Coupled
Device), a CMOS sensor, or the like. The light emitting device
200 is a light source used as a flash, when taking an image with
the imaging unit 316.

[0026] The light emitting device 200 is provided with a power
supply apparatus 100, a light emitting element 212, and a light
emission control circuit 214. A xenon tube or the like is used
as the light emitting element 212. The power supply apparatus
100 is a switching regulator, and steps up the battery voltage
Vbat supplied from the battery 310, to supply a driving voltage
Vout of about 300 V to the light emitting element 212. The light
emission control circuit 214 controls timing of light emission
of the light emitting device 200.

[0027] The DSP 314 outputs a flash signal FLASH to the light

RM-70144WO
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10
emission control circuit 214 in synchronization with timing of
taking of an image by a user. When the flash signal FLASH is
inputted to the light emission control circuit 214, the light
emitting element 212 is made to emit light.
[0028] Returning to Fig. 1, an explanation will be given
concerning the power supply apparatus 100 which steps up the
battery voltage Vbat. The power supply apparatus 100 includes
a control circuit 110, a transformer 10, a rectifier diode 12,
an output capacitor Cl, and a bypass capacitor C2.
[0029] In Fig. 1, a switching controller 40 and a switching
transistor Trl of the power supply apparatus 100, and the
transformer 10, which is external, the rectifier diode 12, and
the output capacitor Cl form a switching power supply. The
battery voltage Vbat is applied as an input voltage Vin to a first
terminal of a primary coil of the transformer 10. A second
terminal of the primary coil is connected to a switching terminal
102 of the control circuit 110. Furthermore, an anode of the
rectifier diode 12 is connected to a first terminal of a secondary
coil of the transformer 10, and the output capacitor Cl is
connected between a cathode of the rectifier diode 12 and a ground
terminal. A second terminal of the secondary coil of the
transformer 10 is grounded.
[0030] Next, an explanation will be given concerning a
configuration of the control circuit 110. The control circuit
110 includes a reference voltage source 20 and a linear regulator
30, in addition to the switching transistor Trl and the switching

RM-70144WO
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11
controller 40, and 1is a function IC integrated on one
semiconductor substrate.
[0031] The switching transistor Trl is an NPN bipolar
transistor; a collector of the switching transistor Trl is
connected to the primary coil of the transformer 10 wvia the
switching terminal 102; and an emitter is grounded. The switching
transistor Trl may be configured as a MOSFET.
[0032] The switching controller 40 controls base voltage of
the switching transistor Trl, and controls ON and OFF states
thereof. By the switching transistor Trl repeatedly turning ON
and OFF, a current flows alternately in the primary and secondary
coils of the transformer 10, and the ocutput capacitor C1 is charged.
An output voltage Vout, obtained by stepping up the input voltage
Vin provided from outside, is outputted from the output capacitor
Cl.
[0033] The reference voltage source 20 is a bandgap reference
circuit, and generates a predetermined reference voltage Vref.
An enabling signal EN inputted from outside to the reference
voltage source 20 may be inputted via an enabling terminal 108.
The enabling signal EN goes to a high level when the power supply
apparatus 100 starts up. When the enabling signal EN has a high
level, the reference voltage source 20 is ON, and generates the
predetermined reference voltage Vref.
[0034] The battery voltage Vbat, which is the input voltage,
is inputted via a power supply terminal 104, to the linear
regulator 30. The linear regulator 30 stabilizes the battery

RM-70144WO
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voltage Vbat, which is the input voltage, based on the reference
voltage Vref generated by the reference voltage source 20, and
outputs the voltage thus stabilized. An output terminal of the
linear regulator 30 is grounded via the bypass capacitor C2
connected to a terminal 106.
[0035] As described later, the linear regulator 30 is
configured to enable switching of a regulation mode in which
voltage 1is outputted according to the reference voltage Vref
outputted from the reference voltage source 20, and a bypass mode
which outputs the battery voltage Vbat as it is, with no relation
to the reference voltage Vref. The two modes of the linear
regulator 30 are switched by a mode control signal MODE outputted
from the reference voltage source 20.
[0036] In the control circuit 110, an output voltage Vreg
of the linear regulator 30 is supplied as a power supply voltage
of the reference voltage source 20 and the switching controller
40 of the switching power supply.
[0037] Fig. 3 is a circuit diagram showing a configuration
of the linear regulator 30 according to the embodiment. The
linear regulator 30 includes a transistor Tr2, an operational
amplifier 32, a first resistor R1, a second resistor R2, and a
switch SW1.
[0038] The transistor Tr2 is a P-channel MOSFET, and a source
thereof is connected to an input terminal 34 to which the battery
voltage Vbat is applied. The input terminal 34 of the linear
regulator 30 is connected to the power supply terminal 104 of the

RM-70144WO
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control circuit 110. The reference voltage Vref outputted from
the reference voltage source 20 is inputted to an inverting input
terminal of the operational amplifier 32, and an output terminal
thereof is connected to a gate, which is a control terminal of
the transistor Tr2. A drain of the transistor Tr2 corresponds
to an output terminal 36 of the linear regulator 30; the output
voltage Vreg that occurs at the output terminal 36 is divided by
the first resistor R1 and the second resistor R2, and is fed back
to a noninverting input terminal of the operational amplifier 32.
The voltage fed back to the noninverting input terminal of the
operational amplifier 32 is given by Vout x R1/(R1 + R2), and this
voltage is referred to as a feedback voltage Vfb. Moreover, the
output terminal 36 is connected to the terminal 106 of the control
circuit 110.

[0039] The switch SW1 is arranged between the gate of the
transistor Tr2 and a ground potential terminal. The switch SW1
is ON in the bypass mode, and is OFF in the regulation mode. 1In
the bypass mode, when the switch SW1l is ON, since the gate of the
transistor Tr2 is forcibly lowered to close to ground potential,
the transistor Tr2 is forcibly turned fully ON.

[0040] In the bypass mode, when the transistor Tr2 is fully
ON, the difference in electrical potential between drain and
source becomes very small. As a result, the input voltage Vbat,
as the output voltage Vreg, is outputted as it is, from the linear
regulator 30.

[0041] On the other hand, in the regulation mode in which

RM-70144WO
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the switch SWl1 is OFF, gate potential of the transistor Tr2 is
controlled by the operational amplifier 32. In the regulation
mode, the operational amplifier 32 adjusts an error voltage Verr,
which is an output thereof, that is, the gate potential of the
transistor Tr2, so that the reference voltage Vref and the
feedback voltage Vb match. As a result, the output voltage Vreg
of the linear regulator 30 is stabilized to a voltage value given
by Vref x (1 + R2/R1).

[0042] At startup time of the power supply apparatus 100,
the linear regulator 30 operates in the bypass mode, in a time
period until the reference voltage Vref reaches a predetermined
voltage value Vpd, and when the reference voltage Vref exceeds
the predetermined voltage value Vpd, operates in the regulation
mode . The predetermined voltage wvalue Vpd, which is to be
compared to the reference voltage Vref, is desirably set to be
close to a target value (normally about 1.2 V) of the reference
voltage Vref. ON and OFF states of the switch SW1 are controlled
by a mode control signal MODE outputted from the reference voltage
source 20. When the mode control signal MODE is at a high level,
the switch SW1l is ON and the linear regulator 30 is set to the
bypass mode, and when at a low level, the switch SW1l is OFF and
the linear regulator 30 is set to the regulation mode.

[0043] Fig. 4 is a circuit diagram showing a configuration
of the reference voltage source 20 according to the present
embodiment. The reference voltage source 20 is provided with

transistors Q1 to Ql2, resistors R3 to R7, and a switch SW2. The
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transistors Q1, Q2, Q7, Q8, Q9, Ql1, and Q12 are NPN bipolar
transistors, and the transistors Q3, Q4, 05, 06, and Q10 are PNP
bipolar transistors. The output voltage Vreg of the linear
regulator 30 is inputted to a terminal 22, and the battery voltage
Vbat is applied to a terminal 24. The reference voltage source
20 outputs the reference voltage Vref at about 1.2 V, which is
a target voltage, from an output terminal 26.

[0044] The transistors Q1 to Q4 and the resistor R3 form a
general bias current source that uses a thermal voltage. That
is, transistor pairs, the transistor Q1 and the transistor Q2,
and the transistor Q3 and the transistor Q4 respectively form
current mirror circuits. A collector of the transistor Q1 and
a collector of the transistor Q3 are mutually connected, and
collectors of the transistor Q2 and the transistor Q4 are mutually
connected. The resistor R3 is arranged between an emitter of the
transistor Q2 and ground. This type of circuit configuration is
known as a self-bias circuit, and a constant current Ic4 flows
in the transistor Q4.

[0045] The switch SW2 is arranged between an emitter of the
transistors 03 and 04, and a terminal 22 to which the output voltage
Vreg of the linear regulator 30 is applied. The switch SW2 is
a P-channel MOSFET, and an enabling signal EN from an external
circuit, not shown in the figure, is inputted to a gate. When
the switch SW2 is ON, the reference voltage source 20 is ON, and
the reference voltage Vref is generated. When the switch SW2 is
OFF, a current path of the circuit is shut off, and the reference

RM-70144WO
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voltage source 20 is OFF. The switch SW2 is arranged to provide
low power, and if unnecessary may be omitted.

[0046] The transistors Q4, 05, and Q6 form a current mirror,
and the transistors Q5 and Q6 generate a current according to the
constant current Ic4 flowing in the transistor Q4. An emitter
of the transistor Q7 is grounded. A resistor R4 is arranged
between a collector of the transistor Q7 and a collector of the
transistor Q5. Furthermore, a base and a collector of the
transistor Q7 are connected to a base of the transistor Q8. A
resistor R6 is arranged between an emitter of the transistor Q8
and ground, and a resistor R5 is arranged between a collector
thereof and a collector of the transistor Q5. The collector
terminal of the transistor Q5 is an output terminal 26 of the
reference voltage source 20, and the reference voltage Vref occurs.
[0047] The base of the transistor Q9 is connected to a
collector of the transistor Q08; an emitter thereof is grounded;
and a collector thereof is connected to a collector of the
transistor Q6.

[0048] The transistors Q10, Ql11, Ql1l2, and the resistor R7
are provided in order to generate the mode control signal MODE.
A base of the transistor Q10 is connected to a collector of the
transistor 09, and an emitter is connected to a collector of the
transistor Ql1. Furthermore, an emitter of the transistor Q10
is connected to the output terminal 26. The transistor Ql1 and
the transistor Q12 form a current mirror circuit to which bases

and emitters are commonly connected. The resistor R7 is arranged
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between the collector of the transistor Q12 and the terminal 24
to which the battery voltage Vbat is applied. In the present
embodiment, the transistor Q10 is equivalent to a transistor which
turns ON when the reference voltage Vref reaches a predetermined
voltage value Vpd (= 1.2 V).
[0049] The reference voltage source 20 configured as above
operates normally as a bandgap reference circuit when the output
voltage Vreg of the linear regulator 30 becomes higher than a
predetermined level Vth, and outputs the reference voltage Vref
at about 1.2 V.
[0050] Furthermore, with regard to the reference voltage
source 20, when the output voltage Vreg of the linear regulator
30 becomes higher than a predetermined level, and the reference
voltage Vref reaches the predetermined voltage value Vpd, the
transistor Q10 is ON, and a current Icl0 flows. At this time,
the transistors Q11 and Q12 that form the current mirror circuit
generate a current Icl0’ according to the current Icl0 flowing
in the transistor Q10. When the current Icl0’ flows in the
resistor R7, since a voltage drop occurs, the mode control signal
MODE goes to a low level.
[0051] When the output voltage Vreg of the linear regulator
30 is lower than a predetermined level, or the reference voltage
source 20 is in an OFF state, since the transistor Q10 is OFF,
the current Icl0 does not flow. Therefore, at this time, since
a voltage drop does not occur across the resistor R7, the mode

control signal MODE becomes equal to the battery voltage Vbat,
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and has a high level.
[0052] In this way, when the reference voltage Vref generated
by the reference voltage source 20 reaches the predetermined
voltage value Vpd, the reference voltage source 20 outputs the
mode control signal MODE at a predetermined level (low level).
Furthermore, as described above, this mode control signal MODE
is outputted to the linear regulator 30. Therefore, when the mode
control signal MODE outputted from the reference voltage source
20 has the predetermined level (low level), that is, the reference
voltage Vref has a predetermined value, the linear regulator 30
transitions to the regulation mode.
[0053] An explanation will be given concerning operations
of the power supply apparatus 100 configured as above. Figs. HA
and 5B are time charts of the power supply apparatus 100 according
to the present embodiment at startup time and during stable
operation. Fig. H5A shows the battery voltage Vbat, the output
voltage Vreg of the linear regulator 30, and the reference voltage
Vref that is the output of the reference voltage source 20. 1In
addition, Fig. 5B shows a mode control signal MODE. 1In Figs. 5A
and 5B, and in Figs. 6A to 6C described later, in order to make
the explanation clear, vertical axes and horizontal axes are shown
as enlarged or contracted as appropriate. Furthermore, in order
to simply explanations concerning each voltage waveform, there
are cases 1in which actual voltage waveforms differ from those
shown.

[0054] At time t0, the electronic device 300, in which the
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power supply apparatus 100 is installed, is ON, and the battery
voltage Vbat increases with time. Immediately after startup, the
mode control signal MODE has a low level, and the linear regulator
30 is in the regulation mode, but since the operational amplifier
32 is OFF and the reference voltage Vref is 0V, the output voltage
thereof Vreg is 0 V.

[0055] In the time period from time t0 to tl, the current
Icl0’ of the reference voltage source 20 does not flow, and since
a voltage drop does not occur across the resistor R7, the mode
control signal MODE is almost equal to the battery voltage Vbat
and increases with time. At time tl1, when the voltage value of
the mode control signal MODE becomes larger than a voltage Vt at
which the switch SW1 of the linear regulator 30 is ON, that is,
has a high level, a bypass mode occurs and Vbat = Vreg.

[0056] After time tl1, the output voltage Vreg, approximately
equal to the battery voltage Vbat, from the linear regulator 30
is applied to the terminal 22 of the reference voltage source 20.
Furthermore, the voltage value of the mode control voltage MODE
rises together with the battery voltage Vbat. When the output
voltage Vreg (= Vbat) of the linear regulator 30 applied to the
terminal 22 of the reference voltage source 20 reaches the
predetermined level Vth, the reference voltage source 20 is in
an ON state, and the reference voltage Vref is stabilized at a
predetermined value (=1.2 V). When the reference voltage source
20 is in an ON state, the transistor Q10 is ON, and the mode control

signal MODE has a low level.
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[0057] At time t2, when the mode control signal MODE goes
to a low level, since the switch SW1l is OFF, the linear regulator
30 transitions to the regulation mode. After time t2, the output
voltage Vreg of the linear regulator 30 is stabilized at a voltage
value given by Vref x (1 + R2/R1).
[0058] Figs. 6A to 6C are time charts of the power supply
apparatus 100 according to the present embodiment at startup time
and during stable operation, and are time charts for cases inwhich
the battery voltage Vbat is assumed to be constant.
[0059] At time t0, the enabling signal EN goes to a high level
and the switch SW2 is ON. Immediately after startup, the mode
control signal MODE goes to a high level, and the reference voltage
source 20 operates in bypass mode. When the linear regulator 30
operates in bypass mode, the transistor Tr2 is fully ON, a current
flows from the battery to the Dbypass capacitor C2 wvia the
transistor Tr2, and with a certain time constant, the output
voltage Vreg of the linear regulator 30 increases.
[0060] With the increase of the output voltage Vreg of the
linear regulator 30, the reference voltage source 20 begins
operation. As a result, at time tl the reference voltage Vref
reaches the predetermined voltage value Vpd, and the mode control
signal MODE transitions from a high level to a low level. After
time tl, the linear regulator 30 transitions to the regulation
mode, and performs voltage generation based on the reference
voltage Vref.

[0061] According to the power supply apparatus 100 according
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to the present embodiment, the reference voltage source 20, which
generates the reference voltage Vref, is power-supplied by the
output voltage Vreg of the linear regulator 30 which stabilizes
voltage based on the reference voltage Vref. As a result, even
in cases in which switching noise that is generated in the
switching regulator is superimposed on the battery voltage Vbat,
it is possible to generate a stabilized reference voltage Vref
with a small noise component, and in addition, it is possible to
also stabilize the output voltage Vreg of the linear regulator
30.

[0062] Furthermore, in the power supply apparatus 100 of the
present embodiment, the linear regulator 30 is configured to
enable switching of the regulation mode and the bypass mode. 1In
addition, in a time period until the reference voltage Vref
generated by the reference wvoltage source 20 reaches the
predetermined voltage value Vpd, the linear regulator 30 operates
in the bypass mode, and when the reference voltage Vref exceeds
the predetermined voltage value Vpd, operates in the regulation
mode . In this way, at startup time, when the reference voltage
Vref is lower than the predetermined voltage value Vpd, since the
linear regulator 30 outputs the battery voltage Vbat as it is,
the battery voltage Vbat is supplied to the reference voltage
source 20. When the reference voltage Vref exceeds the
predetermined voltage value Vpd, the voltage Vreg, stabilized by
the linear regulator 30 as a power supply voltage, is supplied
to the reference voltage source 20. As a result, the power supply
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apparatus 100 including the reference voltage source 20 can be
started up preferably.
[0063] Furthermore, in the linear regulator 30, by providing
the switch SWl, and turning the transistor Tr2 fully ON using a
switch circuit, at bypass mode time, it is possible to output the
battery voltage Vbat, which is the input voltage, as it is, from
the linear regulator 30.
[0064] Furthermore, in the present embodiment, when the
reference voltage Vref generated by the reference voltage source
20 reaches the predetermined voltage value Vpd, the reference
voltage source 20 outputs the mode control signal MODE at a
predetermined level (low level). The linear regulator 30
switches the regulation mode and the bypass mode based on the mode
control signal MODE outputted from the reference voltage source
20. As a result, before the reference voltage Vref reaches a
predetermined value (1.2 V), the linear regulator 30 can output
the battery voltage Vbat as it is, in bypass mode, and after
reaching the predetermined voltage value Vpd, can transition to
the regulation mode, and stabilize the battery voltage Vbat, based
on the stabilized reference voltage Vref.
[0065] The abovementioned embodiments are examples, and a
person skilled in the art will understand that various modified
examples in combinations of wvarious component elements and
various processes thereof are possible, and that such modified
examples are within the scope of the present invention.

[0066] In the embodiment, an explanation has been given of
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cases 1n which the reference voltage source 20 and the linear
regulator 30 are applied to the power supply apparatus provided
with a step-up switching regulator that uses a transformer, but
there is no limitation thereto. For example, the switching
regulator may be a non-insulating type using an inductor, or may
be a step-down/step-up type, or a step-down type. Furthermore,
in place of the switching regulator, a switching power supply,
such as a charge pump circuit or the like, may be used.
[0067] In the embodiment, the configuration of the linear
regulator 30 explained using Fig. 3 is merely an example, and
various types of linear regulator can be used. In Fig. 3, the
switch SW1 is arranged between the gate of the transistor Tr2 and
ground, and by turning the transistor Tr2 fully ON, the bypass
mode is realized; however, there is no limitation thereto, and
if there is a switching circuit which turns the transistor Tr2
fully ON, other forms of circuit may be used. Moreover, in Fig.
3, a configuration is used in which, in the bypass mode, the
transistor Tr2 itself is turned fully ON and the battery voltage
Vbat, which is the input voltage, is outputted as it is; however,
there is no limitation thereto, and the transistor for a bypass
that is fully ON, in the bypass mode, may be arranged in parallel
to the transistor Tr2.
[0068] In addition, the configuration of the reference
voltage source 20 explained using Fig. 4 is merely one example,
and it is possible to use a constant voltage source of various
forms of bandgap regulator circuit and the like.
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[0069] In the embodiment, an explanation was given of cases
in which the mode control signal MODE, which switches the
regulation mode and the bypass mode of the linear regulator 30,
is generated in the reference voltage source 20, but there is no
limitation thereto. The mode control signal MODE may be
separately generated in another circuit block.
[0070] In the embodiment, an explanation was given
concerning cases in which the control circuit 110 is integrated
on one semiconductor substrate, but there is no limitation
thereto; a portion thereof may be configured using a discrete
component or a chip part, or a configuration may be integrated
on a plurality of semiconductor substrates. These circuit
configurations may be appropriately designed in accordance with
a specification required for a circuit.
[0071] With regard to the transistors used in the embodiment,
the bipolar transistor and the MOSFET can clearly be substituted,
and furthermore, the NPN types and PNP types, or the N-channel
and the P-channel types can also be substituted.
[0072] The present invention, outside of the power supply
apparatus explained in the embodiment, can be used in various
types of semiconductor devices provided with the reference
voltage source 20 and the linear regulator 30. In these cases,
the present invention may be understood as the following
embodiment. That is, in this embodiment, the semiconductor
device is providedwith a reference voltage source which generates

a predetermined reference voltage, and a linear regulator which

RM-70144WO

Page 31 of 301



10

15

20

25

stabilizes an input voltage Vin, based on the reference voltage
generated by the reference voltage source. Inaddition, an output
voltage of the linear regulator is supplied as a power supply
voltage of the reference voltage source.

[0073] Also in this embodiment, similar to what was explained
using the abovementioned embodiment, it is possible to generate
the reference voltage in which a noise component is reduced. For
example, it is possible to preferably use the semiconductor device
of the embodiment in a circuit in which noise is generated, and,
for example, a motor drive circuit or the like may be cited.
[0074] While the preferred embodiments of the present
invention have Dbeen described wusing specific terms, such
description is for illustrative purposes only, and it is to be
understood that changes and variations may be made without

departing from the spirit or scope of the appended claims.
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SUBSTITUTE SPECIFICATION - CLEAN VERSION

POWER SUPPLY APPARATUS

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to power supply
apparatuses, and in particular to technology for generating

stable voltage that is not affected by noise.

2. Description of the Related Art

[0002] In various kinds of electronic devices, in order to
supply a voltage higher or a voltage lower than a power supply
voltage supplied from a battery or the like, to a load circuit,
a step-up or a step-down switching power supply is used. For
example, Patent Documents 1 and 2 disclose an insulating DC/DC
converter as a switching power supply.

[0003] This type of switching power supply is configured to
have a switching element for controlling current flowing in an
inductor or a transformer. In this switching power supply,
switching noise is generated from the switching element which
turns ON and OFF at a high frequency during a stepping up or
stepping down operation.

Patent Document 1: 2004-201474

Patent Document 2: 2005-73483
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[0004] A switching power supply is provided with a control
circuit which controls ON and OFF states of a switching element.
This control circuit turns ON and OFF the switching element, based
on a reference voltage outputted from a reference voltage source
such as a bandgap reference circuit or the like, and stabilizes
output voltage of the switching power supply.

[0005] Here, switching noise generated by the switching
element has an impact on another circuit block connected via power
supply wiring or the like. When the switching noise is inputted
to the reference voltage source, since the noise is superimposed
on the reference voltage, there is a risk that a stepping up or

a stepping down operation will be hindered.

SUMMARY OF THE INVENTION
[0006] The present invention has been made in light of these
problems, and a general purpose thereof is to provide a power
supply apparatus which can generate a stabilized voltage without

being affected by the noise, and a semiconductor device.

[0007] The power supply apparatus of an embodiment of the
present invention is provided with a switching power supply which
stabilizes an input voltage provided from outside, a reference
voltage source which generates a predetermined reference voltage,
and a linear regulator which stabilizes the input voltage, based

on the reference voltage generated by the reference voltage source.
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An output voltage of the linear regulator is supplied as a power
supply voltage of a control circuit of the switching power supply
and the reference voltage source.

[0008] According to the embodiment, since the reference
voltage source generates the reference voltage, with the output
voltage of the linear regulator as the power supply voltage, an
impact of noise generated in the switching element can be reduced,
and it is possible to generate the reference voltage with a small
noise component.

[0009] The linear regulator may be configured to enable
switching of a regulation mode in which wvoltage is outputted
according to the reference voltage, and a bypass mode in which
input voltage is outputted as it is, with no relation to the
reference voltage. When the present power supply apparatus is
started up, the linear regulator may operate in the bypass mode,
during a time period until the reference voltage reaches a
predetermined voltage wvalue, and when the reference voltage
exceeds the predetermined wvoltage value, may operate in the
regulation mode.

[0010] In such cases, at the startup time, since the input
voltage from the linear regulator is outputted as it is, when the
reference voltage is lower than a threshold voltage, the input
voltage is supplied as it is, to the reference voltage source.
When the wvoltage supplied to the reference voltage source
increases, the reference voltage source starts normal operation,

and the reference voltage rises and exceeds a predetermined
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voltage wvalue. When the reference voltage exceeds the
predetermined voltage value, since the linear regulator operates
in the regulation mode, a voltage that is stabilized by the linear
regulator is supplied as the power supply voltage to the reference
voltage source. As a result, the present power supply apparatus
including the reference voltage source is started up in a
preferred manner.

[0011] The linear regulator may have a configuration
provided with an operational amplifier to which are inputted the
reference voltage and a feedback voltage corresponding to the
output voltage of the linear regulator; a transistor in which an
error voltage outputted from the operational amplifier is
inputted to a control terminal, and which outputs the output
voltage from another end; and a switch circuit which changes
electrical potential of the control terminal of the transistor,
in the bypass mode, and forcibly turns the transistor ON. The
switch circuit may include a switch arranged between a terminal
with a fixed electrical potential and the control terminal of the
transistor, which is ON in the bypass mode.

[0012] When in the bypass mode, by turning the transistor
fully ON using the switch circuit, it is possible to output the
input voltage from the linear regulator, as it is.

[0013] When the reference voltage generated by the reference
voltage source reaches a predetermined voltage wvalue, the
reference voltage source may output a mode control signal at a

predetermined level, and when the mode control signal outputted
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from the reference voltage source reaches a predetermined level,
the linear regulator may transition to the regulation mode. The
reference voltage source may generate the mode control signal
based on current flowing in the transistor that is ON when the
reference voltage reaches the predetermined voltage value.
[0014] In such cases, before the reference voltage reaches
the predetermined value, the linear regulator goes into the bypass
mode and outputs the input voltage as it is, and after the
predetermined value has been reached, transitions to the
regulation mode, so that the input voltage can be stabilized based
on the reference voltage that has been stabilized.

[0015] The reference voltage source, the linear regulator,
and the control circuit of the switching power supply may be
integrated on one semiconductor substrate. "Integrated”
includes cases in which all component elements of the circuit are
formed on the semiconductor substrate, and cases in which main
component elements of the circuit are integrated, and some
resistors, capacitors, or the like, for adjusting a circuit
constant, may be arranged outside the semiconductor substrate.
[0016] The switching power supply may be a step-up switching
regulator which steps up the input voltage. In such cases, the
noise generated in the switching element runs into the reference
voltage source, via an inductor or a transformer, but the
reference voltage source curtails the impact of this noise, and
it is possible to generate the stabilized reference voltage.

[0017] Another embodiment of the present invention is an
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electronic device. The electronic device is provided with a
battery, a load circuit, and the abovementioned power supply
apparatus which has voltage of the battery as an input voltage,
and which steps up this voltage to supply the load circuit. This
electronic device may be further provided with an imaging unit.
Furthermore, the load circuit may include a xenon tube which
operates as a flash when an image is taken by the imaging unit.
[0018] Another embodiment of the present invention relates
to a semiconductor device. The semiconductor device is provided
with a reference voltage source which generates a predetermined
reference voltage, and a linear regulator which stabilizes input
voltage, based on the reference voltage generated by the reference
voltage source. The semiconductor device supplies an output
voltage of the linear regulator as a power supply voltage of the
reference voltage source.

[0019] In the semiconductor device of this embodiment also,
the linear regulator may be configured to enable switching of a
regulation mode in which a voltage is outputted according to the
reference voltage, and a bypass mode in which the input voltage
is outputted as it is, with no relation to the reference voltage.
When the present semiconductor device is started up, the linear
regulator may operate in the bypass mode, during a time period
until the input voltage reaches a predetermined threshold voltage,
and when the input voltage exceeds the threshold voltage, may
operate in the regulation mode.

[0020]
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It is to be noted that any arbitrary combination or
rearrangement of the above-described structural components and
so forth 1is effective as and encompassed by the present
embodiments.

Moreover, this summary of the invention does not
necessarily describe all necessary features so that the invention

may also be a sub-combination of these described features.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example only,
with reference to the accompanying drawings which are meant to
be exemplary, not 1imiting, and wherein like elements are numbered
alike in several Figures, in which:

[0022] Fig. 1 is a block diagram showing a configuration of
a power supply apparatus according to an embodiment;

Fig. 2 is a block diagram showing a configuration of an
electronic device in which the power supply apparatus of Fig. 1
is installed;

Fig. 3 is a circuit diagram showing a configuration of a
linear regulator of Fig. 1;

Fig. 4 is a circuit diagram showing a configuration of a
reference voltage source of Fig. 1;

Figs. bA and 5B are time charts of the power supply apparatus
of Fig. 1 at startup time and during stable operation; and

Figs. 6A to 6C are time charts of the power supply apparatus

of Fig. 1 at startup time and during stable operation.
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DETATLED DESCRIPTION OF THE INVENTION
[0023] The invention will nowbe describedbased on preferred
embodiments which do not intend to 1imit the scope of the present
invention but exemplify the invention. All of the features and
the combinations thereof described in the embodiment are not
necessarily essential to the invention.
[0024] Fig. 1 is a block diagram showing a configuration of
a power supply apparatus 100 according to an embodiment. Fig.
2 i1s a block diagram showing a configuration of an electronic
device 300 in which the power supply apparatus 100 of Fig. 1 is
installed. The electronic device 300 is a mobile telephone in
which a camera is installed, and is provided with a battery 310,
a communication processor 312, a DSP (Digital Signal Processor)
314, an imaging unit 316, and a light emitting device 200.
[0025] The battery 310 is, for example, a lithium-ion battery,
and is provided as a power supply of the electronic device 300.
The battery 310 outputs a voltage of about 3 to 4 V as a battery
voltage Vbat. The DSP 314 is a block which performs overall
control of the entire electronic device 300, and is connected to
the communication processor 312, the imaging unit 316, and the
light emitting device 200. The communication processor 312
includes an antenna, a high frequency circuit, and the like, and
is a block which performs communication with a base station. The
imaging unit 316 is an imaging device such as a CCD (Charge Coupled

Device), a CMOS sensor, or the like. The light emitting device
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200 is a light source used as a flash, when taking an image with
the imaging unit 316.

[0026] The light emitting device 200 is provided with a power
supply apparatus 100, a light emitting element 212, and a light
emission control circuit 214. A xenon tube or the like is used
as the light emitting element 212. The power supply apparatus
100 is a switching regulator, and steps up the battery voltage
Vbat supplied from the battery 310, to supply a driving voltage
Vout of about 300 V to the light emitting element 212. The light
emission control circuit 214 controls timing of light emission
of the light emitting device 200.

[0027] The DSP 314 outputs a flash signal FLASH to the 1light
emission control circuit 214 in synchronization with timing of
taking of an image by a user. When the flash signal FLASH is
inputted to the light emission control circuit 214, the light
emitting element 212 is made to emit light.

[0028] Returning to Fig. 1, an explanation will be given
concerning the power supply apparatus 100 which steps up the
battery voltage Vbat. The power supply apparatus 100 includes
a control circuit 110, a transformer 10, a rectifier diode 12,
an output capacitor Cl, and a bypass capacitor C2.

[0029] In Fig. 1, a switching controller 40 and a switching
transistor Trl of the power supply apparatus 100, and the
transformer 10, which is external, the rectifier diode 12, and
the output capacitor Cl form a switching power supply. The

battery voltage Vbat is applied as an input voltage Vin to a first
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terminal of a primary coil of the transformer 10. A second
terminal of the primary coil is connected to a switching terminal
102 of the control circuit 110. Furthermore, an anode of the
rectifier diode 12 is connected to a first terminal of a secondary
coil of the transformer 10, and the output capacitor Cl is
connected between a cathode of the rectifier diode 12 and a ground
terminal. A second terminal of the secondary coil of the
transformer 10 is grounded.
[0030] Next, an explanation will be given concerning a
configuration of the control circuit 110. The control circuit
110 includes a reference voltage source 20 and a linear regulator
30, in addition to the switching transistor Trl and the switching
controller 40, and is a function IC integrated on one
semiconductor substrate.
[0031] The switching transistor Trl is an NPN bipolar
transistor; a collector of the switching transistor Trl is
connected to the primary coil of the transformer 10 via the
switching terminal 102; and an emitter is grounded. The switching
transistor Trl may be configured as a MOSFET.
[0032] The switching controller 40 controls base voltage of
the switching transistor Trl, and controls ON and OFF states
thereof. By the switching transistor Trl repeatedly turning ON
and OFF, a current flows alternately in the primary and secondary
coils of the transformer 10, and the ocutput capacitor C1 is charged.
An output voltage Vout, obtained by stepping up the input voltage
Vin provided from outside, is outputted from the output capacitor
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Cl.
[0033] The reference voltage source 20 is a bandgap reference
circuit, and generates a predetermined reference voltage Vref.
An enabling signal EN inputted from outside to the reference
voltage source 20 may be inputted via an enabling terminal 108.
The enabling signal EN goes to a high level when the power supply
apparatus 100 starts up. When the enabling signal EN has a high
level, the reference voltage source 20 is ON, and generates the
predetermined reference voltage Vref.
[0034] The battery voltage Vbat, which is the input voltage,
is inputted via a power supply terminal 104, to the linear
regulator 30. The linear regulator 30 stabilizes the battery
voltage Vbat, which is the input voltage, based on the reference
voltage Vref generated by the reference voltage source 20, and
outputs the voltage thus stabilized. An output terminal of the
linear regulator 30 is grounded via the bypass capacitor C2
connected to a terminal 106.
[0035] As described later, the linear regulator 30 is
configured to enable switching of a regulation mode in which
voltage 1is outputted according to the reference voltage Vref
outputted from the reference voltage source 20, and a bypass mode
which outputs the battery voltage Vbat as it is, with no relation
to the reference voltage Vref. The two modes of the linear
regulator 30 are switched by a mode control signal MODE outputted
from the reference voltage source 20.

[0036] In the control circuit 110, an output voltage Vreg
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of the linear regulator 30 is supplied as a power supply voltage
of the reference voltage source 20 and the switching controller
40 of the switching power supply.

[0037] Fig. 3 is a circuit diagram showing a configuration
of the linear regulator 30 according to the embodiment. The
linear regulator 30 includes a transistor Tr2, an operational
amplifier 32, a first resistor R1, a second resistor R2, and a
switch SW1.

[0038] The transistor Tr2 is a P-channel MOSFET, and a source
thereof is connected to an input terminal 34 to which the battery
voltage Vbat is applied. The input terminal 34 of the linear
regulator 30 is connected to the power supply terminal 104 of the
control circuit 110. The reference voltage Vref outputted from
the reference voltage source 20 is inputted to an inverting input
terminal of the operational amplifier 32, and an output terminal
thereof is connected to a gate, which is a control terminal of
the transistor Tr2. A drain of the transistor Tr2 corresponds
to an output terminal 36 of the linear regulator 30; the output
voltage Vreg that occurs at the output terminal 36 is divided by
the first resistor R1 and the second resistor R2, and is fed back
to a noninverting input terminal of the operational amplifier 32.
The voltage fed back to the noninverting input terminal of the
operational amplifier 32 is given by Vout x R1/(R1 + R2), and this
voltage is referred to as a feedback voltage Vfb. Moreover, the
output terminal 36 is connected to the terminal 106 of the control
circuit 110.
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[0039] The switch SW1 is arranged between the gate of the
transistor Tr2 and a ground potential terminal. The switch SW1
is ON in the bypass mode, and is OFF in the regulation mode. 1In
the bypass mode, when the switch SW1l is ON, since the gate of the
transistor Tr2 is forcibly lowered to close to ground potential,
the transistor Tr2 is forcibly turned fully ON.
[0040] In the bypass mode, when the transistor Tr2 is fully
ON, the difference in electrical potential between drain and
source becomes very small. As a result, the input voltage Vbat,
as the output voltage Vreg, is outputted as it is, from the linear
regulator 30.
[0041] On the other hand, in the regulation mode in which
the switch SWl1 is OFF, gate potential of the transistor Tr2 is
controlled by the operational amplifier 32. In the regulation
mode, the operational amplifier 32 adjusts an error voltage Verr,
which is an output thereof, that is, the gate potential of the
transistor Tr2, so that the reference voltage Vref and the
feedback voltage Vb match. As a result, the output voltage Vreg
of the linear regqulator 30 is stabilized to a voltage value given
by Vref x (1 + R2/R1).
[0042] At startup time of the power supply apparatus 100,
the linear regulator 30 operates in the bypass mode, in a time
period until the reference voltage Vref reaches a predetermined
voltage value Vpd, and when the reference voltage Vref exceeds
the predetermined voltage value Vpd, operates in the regulation
mode . The predetermined voltage wvalue Vpd, which is to be
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compared to the reference voltage Vref, is desirably set to be
close to a target value (normally about 1.2 V) of the reference
voltage Vref. ON and OFF states of the switch SW1 are controlled
by a mode control signal MODE outputted from the reference voltage
source 20. When the mode control signal MODE is at a high level,
the switch SW1l is ON and the linear regulator 30 is set to the
bypass mode, and when at a low level, the switch SW1l is OFF and
the linear regulator 30 is set to the regulation mode.

[0043] Fig. 4 is a circuit diagram showing a configuration
of the reference voltage source 20 according to the present
embodiment. The reference voltage source 20 is provided with
transistors Q1 to Ql2, resistors R3 to R7, and a switch SW2. The
transistors Q1, Q2, Q7, Q8, Q9, Ql1, and Q12 are NPN bipolar
transistors, and the transistors Q3, Q4, 05, 06, and Q10 are PNP
bipolar transistors. The output voltage Vreg of the linear
regulator 30 is inputted to a terminal 22, and the battery voltage
Vbat is applied to a terminal 24. The reference voltage source
20 outputs the reference voltage Vref at about 1.2 V, which is
a target voltage, from an output terminal 26.

[0044] The transistors Q1 to Q4 and the resistor R3 form a
general bias current source that uses a thermal voltage. That
is, transistor pairs, the transistor Q1 and the transistor Q2,
and the transistor Q3 and the transistor Q4 respectively form
current mirror circuits. A collector of the transistor Q1 and
a collector of the transistor Q3 are mutually connected, and

collectors of the transistor Q2 and the transistor Q4 are mutually

RM-70144WO

Page 46 of 301



10

15

20

25

15

connected. The resistor R3 is arranged between an emitter of the
transistor Q2 and ground. This type of circuit configuration is
known as a self-bias circuit, and a constant current Ic4 flows
in the transistor Q4.

[0045] The switch SW2 is arranged between an emitter of the
transistors 03 and 04, and a terminal 22 to which the output voltage
Vreg of the linear regulator 30 is applied. The switch SW2 is
a P-channel MOSFET, and an enabling signal EN from an external
circuit, not shown in the figure, is inputted to a gate. When
the switch SW2 is ON, the reference voltage source 20 is ON, and
the reference voltage Vref is generated. When the switch SW2 is
OFF, a current path of the circuit is shut off, and the reference
voltage source 20 is OFF. The switch SW2 is arranged to provide
low power, and if unnecessary may be omitted.

[0046] The transistors Q4, 05, and Q6 form a current mirror,
and the transistors Q5 and Q6 generate a current according to the
constant current Ic4 flowing in the transistor Q4. An emitter
of the transistor Q7 is grounded. A resistor R4 is arranged
between a collector of the transistor Q7 and a collector of the
transistor Q5. Furthermore, a base and a collector of the
transistor Q7 are connected to a base of the transistor Q8. A
resistor R6 is arranged between an emitter of the transistor Q8
and ground, and a resistor R5 is arranged between a collector
thereof and a collector of the transistor Q5. The collector
terminal of the transistor Q5 is an output terminal 26 of the

reference voltage source 20, and the reference voltage Vref occurs.
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[0047] The base of the transistor Q9 is connected to a
collector of the transistor Q08; an emitter thereof is grounded;
and a collector thereof is connected to a collector of the
transistor Q6.
[0048] The transistors Q10, Ql11, Ql1l2, and the resistor R7
are provided in order to generate the mode control signal MODE.
A base of the transistor Q10 is connected to a collector of the
transistor 09, and an emitter is connected to a collector of the
transistor Ql1. Furthermore, an emitter of the transistor Q10
is connected to the output terminal 26. The transistor Ql1 and
the transistor Ql2 form a current mirror circuit to which bases
and emitters are commonly connected. The resistor R7 is arranged
between the collector of the transistor Q12 and the terminal 24
to which the battery voltage Vbat is applied. In the present
embodiment, the transistor Q10 is equivalent to a transistor which
turns ON when the reference voltage Vref reaches a predetermined
voltage value Vpd (» 1.2 V).
[0049] The reference voltage source 20 configured as above
operates normally as a bandgap reference circuit when the output
voltage Vreg of the linear regulator 30 becomes higher than a
predetermined level Vth, and outputs the reference voltage Vref
at about 1.2 V.
[0050] Furthermore, with regard to the reference voltage
source 20, when the output voltage Vreg of the linear regulator
30 becomes higher than a predetermined level, and the reference
voltage Vref reaches the predetermined voltage value Vpd, the
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transistor Q10 is ON, and a current Icl0 flows. At this time,
the transistors Q11 and Q12 that form the current mirror circuit
generate a current Icl0’ according to the current Icl0 flowing
in the transistor Q10. When the current Icl0’ flows in the
resistor R7, since a voltage drop occurs, the mode control signal
MODE goes to a low level.
[0051] When the output voltage Vreg of the linear regulator
30 is lower than a predetermined level, or the reference voltage
source 20 is in an OFF state, since the transistor Q10 is OFF,
the current Icl0 does not flow. Therefore, at this time, since
a voltage drop does not occur across the resistor R7, the mode
control signal MODE becomes equal to the battery voltage Vbat,
and has a high level.
[0052] In this way, when the reference voltage Vref generated
by the reference voltage source 20 reaches the predetermined
voltage value Vpd, the reference voltage source 20 outputs the
mode control signal MODE at a predetermined level (low level).
Furthermore, as described above, this mode control signal MODE
is outputted to the linear regulator 30. Therefore, when the mode
control signal MODE outputted from the reference voltage source
20 has the predetermined level (low level), that is, the reference
voltage Vref has a predetermined value, the linear regulator 30
transitions to the regulation mode.
[0053] An explanation will be given concerning operations
of the power supply apparatus 100 configured as above. Figs. HA

and 5B are time charts of the power supply apparatus 100 according
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to the present embodiment at startup time and during stable
operation. Fig. H5A shows the battery voltage Vbat, the output
voltage Vreg of the linear regulator 30, and the reference voltage
Vref that is the output of the reference voltage source 20. 1In
addition, Fig. 5B shows a mode control signal MODE. 1In Figs. 5A
and 5B, and in Figs. 6A to 6C described later, in order to make
the explanation clear, vertical axes and horizontal axes are shown
as enlarged or contracted as appropriate. Furthermore, in order
to simply explanations concerning each voltage waveform, there
are cases 1in which actual voltage waveforms differ from those
shown.
[0054] At time t0, the electronic device 300, in which the
power supply apparatus 100 is installed, is ON, and the battery
voltage Vbat increases with time. Immediately after startup, the
mode control signal MODE has a low level, and the linear regulator
30 is in the regulation mode, but since the operational amplifier
32 is OFF and the reference voltage Vref is 0V, the output voltage
thereof Vreg is 0 V.
[0055] In the time period from time t0 to tl, the current
Icl0’ of the reference voltage source 20 does not flow, and since
a voltage drop does not occur across the resistor R7, the mode
control signal MODE is almost equal to the battery voltage Vbat
and increases with time. At time tl1, when the voltage value of
the mode control signal MODE becomes larger than a voltage Vt at
which the switch SW1 of the linear regulator 30 is ON, that is,
has a high level, a bypass mode occurs and Vbat = Vreg.
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[0056] After time tl1, the output voltage Vreg, approximately
equal to the battery voltage Vbat, from the linear regulator 30
is applied to the terminal 22 of the reference voltage source 20.
Furthermore, the voltage value of the mode control voltage MODE
rises together with the battery voltage Vbat. When the output
voltage Vreg (= Vbat) of the linear regulator 30 applied to the
terminal 22 of the reference voltage source 20 reaches the
predetermined level Vth, the reference voltage source 20 is in
an ON state, and the reference voltage Vref is stabilized at a
predetermined value (=1.2 V). When the reference voltage source
20 is in an ON state, the transistor Q10 is ON, and the mode control
signal MODE has a low level.
[0057] At time t2, when the mode control signal MODE goes
to a low level, since the switch SW1l is OFF, the linear regulator
30 transitions to the regulation mode. After time t2, the output
voltage Vreg of the linear regulator 30 is stabilized at a voltage
value given by Vref x (1 + R2/R1).
[0058] Figs. 6A to 6C are time charts of the power supply
apparatus 100 according to the present embodiment at startup time
and during stable operation, and are time charts for cases inwhich
the battery voltage Vbat is assumed to be constant.
[0059] At time t0, the enabling signal EN goes to a high level
and the switch SW2 is ON. Immediately after startup, the mode
control signal MODE goes to a high level, and the reference voltage
source 20 operates in bypass mode. When the linear regulator 30
operates in bypass mode, the transistor Tr2 is fully ON, a current

RM-70144WO

Page 51 of 301



10

15

20

25

20
flows from the battery to the Dbypass capacitor C2 wvia the
transistor Tr2, and with a certain time constant, the output
voltage Vreg of the linear regulator 30 increases.
[0060] With the increase of the output voltage Vreg of the
linear regulator 30, the reference voltage source 20 begins
operation. As a result, at time tl the reference voltage Vref
reaches the predetermined voltage value Vpd, and the mode control
signal MODE transitions from a high level to a low level. After
time tl, the linear regulator 30 transitions to the regulation
mode, and performs voltage generation based on the reference
voltage Vref.
[0061] According to the power supply apparatus 100 according
to the present embodiment, the reference voltage source 20, which
generates the reference voltage Vref, is power-supplied by the
output voltage Vreg of the linear regulator 30 which stabilizes
voltage based on the reference voltage Vref. As a result, even
in cases in which switching noise that is generated in the
switching regulator is superimposed on the battery voltage Vbat,
it is possible to generate a stabilized reference voltage Vref
with a small noise component, and in addition, it is possible to
also stabilize the output voltage Vreg of the linear regulator
30.
[0062] Furthermore, in the power supply apparatus 100 of the
present embodiment, the linear regulator 30 is configured to
enable switching of the regulation mode and the bypass mode. 1In
addition, in a time period until the reference voltage Vref
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generated by the reference voltage source 20 reaches the
predetermined voltage value Vpd, the linear regulator 30 operates
in the bypass mode, and when the reference voltage Vref exceeds
the predetermined voltage value Vpd, operates in the regulation
mode . In this way, at startup time, when the reference voltage
Vref is lower than the predetermined voltage value Vpd, since the
linear regulator 30 outputs the battery voltage Vbat as it is,
the battery voltage Vbat is supplied to the reference voltage
source 20. When the reference voltage Vref exceeds the
predetermined voltage value Vpd, the voltage Vreg, stabilized by
the linear regulator 30 as a power supply voltage, is supplied
to the reference voltage source 20. As a result, the power supply
apparatus 100 including the reference voltage source 20 can be
started up preferably.

[0063] Furthermore, in the linear regulator 30, by providing
the switch SWl, and turning the transistor Tr2 fully ON using a
switch circuit, at bypass mode time, it is possible to output the
battery voltage Vbat, which is the input voltage, as it is, from
the linear regulator 30.

[0064] Furthermore, in the present embodiment, when the
reference voltage Vref generated by the reference voltage source
20 reaches the predetermined voltage value Vpd, the reference
voltage source 20 outputs the mode control signal MODE at a
predetermined level (low level). The linear regulator 30
switches the regulation mode and the bypass mode based on the mode

control signal MODE outputted from the reference voltage source
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20. As a result, before the reference voltage Vref reaches a
predetermined value (1.2 V), the linear regulator 30 can output
the battery voltage Vbat as it is, in bypass mode, and after
reaching the predetermined voltage value Vpd, can transition to
the regulation mode, and stabilize the battery voltage Vbat, based
on the stabilized reference voltage Vref.

[0065] The abovementioned embodiments are examples, and a
person skilled in the art will understand that various modified
examples in combinations of wvarious component elements and
various processes thereof are possible, and that such modified
examples are within the scope of the present invention.

[0066] In the embodiment, an explanation has been given of
cases 1n which the reference voltage source 20 and the linear
regulator 30 are applied to the power supply apparatus provided
with a step-up switching regulator that uses a transformer, but
there is no limitation thereto. For example, the switching
regulator may be a non-insulating type using an inductor, or may
be a step-down/step-up type, or a step-down type. Furthermore,
in place of the switching regulator, a switching power supply,
such as a charge pump circuit or the like, may be used.

[0067] In the embodiment, the configuration of the linear
regulator 30 explained using Fig. 3 is merely an example, and
various types of linear regulator can be used. In Fig. 3, the
switch SW1 is arranged between the gate of the transistor Tr2 and
ground, and by turning the transistor Tr2 fully ON, the bypass

mode is realized; however, there is no limitation thereto, and
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if there is a switching circuit which turns the transistor Tr2
fully ON, other forms of circuit may be used. Moreover, in Fig.
3, a configuration is used in which, in the bypass mode, the
transistor Tr2 itself is turned fully ON and the battery voltage
Vbat, which is the input voltage, is outputted as it is; however,
there is no limitation thereto, and the transistor for a bypass
that is fully ON, in the bypass mode, may be arranged in parallel
to the transistor Tr2.
[0068] In addition, the configuration of the reference
voltage source 20 explained using Fig. 4 is merely one example,
and it is possible to use a constant voltage source of various
forms of bandgap regulator circuit and the like.
[0069] In the embodiment, an explanation was given of cases
in which the mode control signal MODE, which switches the
regulation mode and the bypass mode of the linear regulator 30,
is generated in the reference voltage source 20, but there is no
limitation thereto. The mode control signal MODE may be
separately generated in another circuit block.
[0070] In the embodiment, an explanation was given
concerning cases in which the control circuit 110 is integrated
on one semiconductor substrate, but there is no limitation
thereto; a portion thereof may be configured using a discrete
component or a chip part, or a configuration may be integrated
on a plurality of semiconductor substrates. These circuit
configurations may be appropriately designed in accordance with

a specification required for a circuit.
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[0071] With regard to the transistors used in the embodiment,
the bipolar transistor and the MOSFET can clearly be substituted,
and furthermore, the NPN types and PNP types, or the N-channel
and the P-channel types can also be substituted.
[0072] The present invention, outside of the power supply
apparatus explained in the embodiment, can be used in various
types of semiconductor devices provided with the reference
voltage source 20 and the linear regulator 30. In these cases,
the present invention may be understood as the following
embodiment. That is, in this embodiment, the semiconductor
device is providedwith a reference voltage source which generates
a predetermined reference voltage, and a linear regulator which
stabilizes an input voltage Vin, based on the reference voltage
generated by the reference voltage source. Inaddition, an output
voltage of the linear regulator is supplied as a power supply
voltage of the reference voltage source.
[0073] Also in this embodiment, similar to what was explained
using the abovementioned embodiment, it is possible to generate
the reference voltage in which a noise component is reduced. For
example, it is possible to preferably use the semiconductor device
of the embodiment in a circuit in which noise is generated, and,
for example, a motor drive circuit or the like may be cited.
[0074] While the preferred embodiments of the present
invention have Dbeen described wusing specific terms, such
description is for illustrative purposes only, and it is to be
understood that changes and variations may be made without
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POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND

SEMICONDUCTOR DEVICE

TECHNICAL FIELD

[0001] The present. invention relates to power supply

apparatuses, and in particular to technology for generating

stable voltage that is not affected by noise.

RELATED ART

[0002] In various kinds of electronic devices, in order to
supply a voltage higher or a voltage lower than a power supply
voltage supplied from a battery or the like, to a load circuit,
a step-up or a step-down switching power supply is used. For
example, Patent Documents 1 and 2 disclose an insulating DC/DC
converter as a switching power supply.

[0003] This type of switching power supply is configured to
have a switching element for controlling current flowing in an
inductor or a transformer. In this switching power supply,
swiﬁching noise is generated from the switching element which
turns ON and OFF at a high frequency during a stepping up or
stepping down operation.

Patent Document 1l: 2004-201474

Patent Document 2: 2005-73483

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

RM-70144W0O
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[0004] A switching power supply is provided with a control
circuit which controls ON and OFF states of a switching element.
This control circuit turns ON and OFF the switching element, based
on a reference voltage outputted from a reference voltage source
such as a bandgap reference circuit or the like, and stabilizes
output voltage of the switching power supply.

[0005] Here, switching noise generated by the switching
element has an impact on another circuit block connected via power
supply wiring or the like. When the switching noise is inputted
to the reference voltage source, since the noise is superimposed
on the reference voltage, there is a risk that a stepping up or
a stepping down operation will be hindered.

[0006] The present invention has been made in light of these
problems, and a general purpose thereof is to provide a power
supply apparatus which can generate a stabilized voltage without

being affected by the noise, and a semiconductor device.

MEANS FOR SOLVING THE PROBLEMS

[0007] The power supply apparatus of an embodiment of the
present invention is provided with a switching power supply which
stabilizes an input voltage provided from outside, a reference
voltage source which generates a predetermined reference voltage,
and a linear regulator which stabilizes the input voltage, based
on the reference voltage generated by the reference voltage source.
An output voltage of the linear regulator is supplied as a power
supply voltage of a control circuit of the switching power supply

RM~-70144W0O
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and the reference voltage source.

[0008] According to the embodiment, since the reference
voltage source generates the reference voltage, with the output
voltage of the linear regulator as the power supply voltage, an
impact of noise generated in the switching element can be reduced,
and it is possible to generate the reference voltage with a small
noise component.

[0009] The linear regulator may be configured to enable
switching of a regulation mode in which voltage is outputted
according to the reference voltage, and a bypass mode in which
input voltage is outputted as it is, with no relation to the
reference voltage. When the present power supply apparatus is
started up, the linear regulator may operate in the bypass mode,
during a time period until the reference voltage reaches a
predetermined voltage value, and when the reference voltage
exceeds the predetermined voltage wvalue, may operate in the
regulation mode.

[0010] In such cases, at the startup time, since the input
voltage from the linear regulator is outputted as it is, when the
reference voltage is lower than a threshold voltage, the input
voltage is supplied as it is, to the reference voltage source.
When the voltage supplied to the reference voltage source
increases, the reference voltage source starts normal operation,
and the reference voltage rises and exceeds a predetermined
voltage value. When the reference voltage exceeds the

predetermined voltage value, since the linear regulator operates

RM-70144WO
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in the regulation mode, a voltage that is stabilized by the linear
regulator is supplied as the power supply voltage to the reference
voltage source. As a result, the present power supply apparatus
including the reference voltage source 1is started up in a
preferred manner.
[0011] The linear regulator may have a configuration
provided with an operational amplifier to which are inputted the
reference voltage and a feedback voltage corresponding to the
output voltage of the linear regulator; a transistor in which an
error voltage outputted from the operational amplifier is
inputted to a control terminal, and which outputs the output
voltage from another end; and a switch circuit which changes
electrical potential of the control terminal of the transistor,
in the bypass mode, and forcibly turns the transistor ON. The
switch circuit may include a switch arranged between a terminal
with a fixed electrical potential and the control terminal of the
transistor, which is ON in the bypass mode.
[0012] When in the bypass mode, by turning the transistor
fully ON using the switch circuit, it is possible to output the
input voltage from the linear regulator, as it is.
[0013] When the reference voltage generated by the reference
voltage source reaches a predetermined voltage value, the
reference voltage source may output a mode control signal at a
predetermined level, and when the mode control signal outputted
from the reference voltage source reaches a predetermined level,
the linear regulator may transition to the regulation mode. The
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reference voltage source may generate the mode control signal
baséd on current flowing in the transistor that is ON when the
reference voltage reaches the predetermined voltage wvalue.
[0014] In such cases, before the reference voltage reaches
the predetermined value, the linear regulator goes into the bypass
mode and outputs the input voltage as it is, and after the
predetermined wvalue has been reached, transitions to the
regulation mode, so that the input voltage can be stabilized based
on the reference voltage that has been stabilized.
[0015] The reference voltage source, the linear regulator,
and the control circuit of the switching power supply may be
integrated on one semiconductor substrate. "Integrated”
includes cases in which all component elements of the circuit are
formed on the semiconductor substrate, and cases in which main
component elements of the circuit are integrated, and some
resistors, capacitors, or the like, for adjusting a circuit
constant, may be arranged outside the semiconductor substrate.
[0016] The switching power supply may be a step—up switching
regulator which steps up the input voltage. 1In such cases, the
noise generated in the switching element runs into the reference
voltage source, via an inductor or a transformer, but the
reference voltage source curtails the impact of this noise, and
it is possible to generate the stabilized reference voltage.
[0017] Another embodiment of the present invention is an
electronic device. The electronic device is provided with a
battery, a load circuit, and the abovementioned power supply
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apparatus which has voltage of the battery as an input voltage,
and which steps up this voltage to supply the load circuit. This
electronic device may be further provided with an imaging unit.
Furthermore, the load circuilt may include a xenon tube which
operates as a flash when an image is taken by the imaging unit.
[o018] Another embodiment of the present invention relates
to a semiconductor device. The semiconductor device is provided
with a reference voltage source which generates a predetermined
reference voltage, and a linear regulator which stabilizes input
voltage, based on the reference voltage generated by the reference
voltage source. The semiconductor device supplies an output
voltage of the linear regulator as a power supply voltage of the
reference voltage source.

[0019] In the semiconductor device of this embodiment also,
the linear regulator may be configured to enable switching of a
regulation mode in which a voltage is outputted according to the
reference voltage, and a bypass mode in which the input voltage
is outputted as it is, with no relation to the reference voltage.
When the present semiconductor device is started up, the linear
regulator may operate in the bypass mode, during a time period
until the input voltage reaches a predetermined threshold voltage,
and when the input voltage exceeds the threshold voltage, may
operate in the regulation mode.

[0020] Furthermore, configurations in which optional
combinations of the abovementioned component elements, and the

component elements and representations of the invention are
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mutually substituted among methods, devices, and systems, are

valid embodiments of the present invention.

EFFECTS OF THE INVENTION

[0021] According to the power supply apparatus and the
semiconductor device according to the present invention, it is
possible to reduce impact of noise, and to generate stabilized

voltage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] Fig. 1 is a block diagram showing a configuration of
a power supply apparatus according to an embodiment;

Fig. 2 is a block diagram showing a configuration of an
electronic device in which the power supply apparatus of Fig. 1
is installed;

Fig. 3 is a circuit diagram showing a configuration of a
linear regulator of Fig. 1;

Fig. 4 is a circuit diagram showing a configuration of a
reference voltage source of Fig. 1;

Figs. 5A and 5B are time charts of the power supply apparatus
of Fig. 1 at startup time and during stable operation; and

Figs. 6A to 6C are time charts of the power supply apparatus

of Fig. 1 at startup time and during stable operation.

BEST MODE FOR CARRYING OUT THE INVENTION

[0023] The invention will now be described based on preferred
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embodiments which do not intend to limit the scope of the present
invention but exemplify the invention. All of the features and
the combinations thereof described in the embodiment are not
necessarily essential to the invention.
[0024] Fig. 1 is a block diagram showing a configuration of
a power supply apparatus 100 according to an embodiment. Fig.
2 is a block diagram showing a configuration of an electronic
device 300 in which the power supply apparatus 100 of Fig. 1 is
installed. The electronic device 300 is a mobile telephone in
which a camera is installed, and is provided with a battery 310,
a communication processor 312, a DSP (Digital Signal Processor)
314, an imaging unit 316, and a light emitting device 200.
[0025] The battery 310 is, for example, a lithium-ion battery,
and is provided as a power supply of the electronic device 300.
The battery 310 outputs a voltage of about 3 to 4 V as a battery
voltage Vbat. The DSP 314 is a block which performs overall
control of the entire electronic device 300, and is connected to
the communication processor 312, the imaging unit 316, and the
light emitting device 200. The communication processor 312
includes an antenna, a high frequency circuit, and the like, and
is a block which performs communication with a base station. The
imaging unit 316 is an imaging device such as a CCD (Charge Coupled
Device), a CMOS sensor, or the like. The light emitting device
200 is a light source used as a flash, when taking an image with
the imaging unit 316.
[0026] The light emitting device 200 is provided with a power
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supply apparatus 100, a light emitting element 212, and a light
emission control circuit 214. A xenon tube or the like is used
as the light emitting element 212. The power supply apparatus
100 is a switching regulator, and steps up the battery voltage
Vbat supplied from the battery 310, to supply a driving voltage
Vout of about 300 V to the light emitting element 212. The light
emission control circuit 214 controls timing of light emission
of the light emitting device 200.
[0027] The DSP 314 outputs a flash signal FLASH to the light
emission control circuit 214 in synchronization with timing of
takihg of an image by a user. When the flash signal FLASH is
inputted to the light emission control circuit 214, the light
emitting element 212 is made to emit light.
[0028] Returning to Fig. 1, an explanation will be given
concerning the power supply apparatus 100 which steps up the
battery voltage Vbat. The power supply apparatus 100.includes
a control circuit 110, a transformer 10, a rectifier diode 12,
an output capacitor Cl, and a bypass capacitor C2.
[0029] In Fig. 1, a switching controller 40 and a switching
transistor Trl of the power supply apparatus 100, and the
transformer 10, which is external, the rectifier diode 12, and
the output capacitor Cl form a switching power supply. The
battery voltage Vbat is applied as an input voltage Vin to a first
terminal of a primary coil of the transformer 10. A second
terminal of the primary coil is connected to a switching terminal

102 of the control circuit 110. Furthermore, an anode of the
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rectifier diode 12 is connected to a first terminal of a secondary
coil of the transformer 10, and the output capacitor Cl is
connected between a cathode of the rectifier diode 12 and a ground
terminal. A second terminal of the secondary coil of the
transformer 10 is grounded.
[0030] Next, an explanation will be given concerning a
configuration of the control circuit 110. The control circuit
110 includes a reference voltage source 20 and a linear regulator
30, in addition to the switching transistor Trl and the switching
controller 40, and is a function IC integrated on one
semiconductor substrate.
[0031] The switching transistor Trl is an NPN bipolar
transistor; a collector of the switching transistor Trl is
connected to the primary coil of the transformer 10 wvia the
switching terminal 102; and an emitter is grounded. The switching
transistor Trl may be configured as a MOSFET.
[0032] The switching controller 40 controls base voltage of
the switching transistor Trl, and controls ON and OFF states
thereof. By the switching transistor Trl repeatedly turning ON
and OFF, a current flows alternately in the primary and secondary
coils of the transformer 10, and the output capacitor Cl is charged.
An output voltage Vout, obtained by stepping up the input voltage
Vin provided from outside, is outputted from the output capacitor
C1l.
[0033] The reference voltage source 20 is a bandgap reference

circuit, and generates a predetermined reference voltage Vref.
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An enabling signal ENAinputted from outside to the reference
voltage source 20 may be inputted via an enabling terminal 108.
The enabling signal EN goes to a high level when the power supply
apparatus 100 starts up. When the enabling signal EN has a high
level, the reference voltage source 20 is ON, and generates the
predetermined reference voltage Vref.

[0034] The battery voltage Vbat, which is the input voltage,
is inputted via a power supply terminal 104, to the linear
regulator 30. The linear regulator 30 stabilizes the battery
voltage Vbat, which is the input voltage, based on the reference
voltage Vref generated by the reference voltage source 20, and
outputs the voltage thus stabilized. An output terminal of the
linear regulator 30 is grounded via the bypass capacitor C2
connected to a terminal 106.

[0035] As described later, the linear regulator 30 is
configured to enable switching of a regulation mode in which
voltage is outputted according to the reference voltage Vref
outputted from the reference voltage source 20, and a bypass mode
which outputs the battery voltage Vbat as it is, with no relation
to the reference voltage Vref. The two modes of the linear
regulator 30 are switched by a mode control signal MODE outputted
from the reference voltage source 20.

[0036] In the control circuit 110, an output voltage Vreg
of the linear regulator 30 is supplied as a power supply voltage
of the reference voltage source 20 and the switching controller

40 of the switching power supply.
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[0037] Fig. 3 is a circuit diagram showing a configuration
of the linear regulator 30 according to the embodiment. The
linear regulator 30 includes a transistor Tr2, an operational
amplifier 32, a first resistor R1l, a second resistor R2, and a
switch SW1.

[0038] The transistor Tr2 is a P-channel MOSFET, and a source
thereof is connected to an input terminal 34 to which the battery
voltage Vbat is applied. The input terminal 34 of the linear
regulator 30 is connected to the power supply terminal 104 of the
control circuit 110. The reference voltage Vref outputted from
the reference voltage source 20 is inputted to an inverting input
terminal of the operational amplifier 32, and an output terminal
thereof is connected to a gate, which is a control terminal of
the transistor Tr2. A drain of the transistor Tr2 corresponds
to an output terminal 36 of the linear regulator 30; the output
voltage Vreg that occurs at the output terminal 36 is divided by
the first resistor R1 and‘the second resistor R2, and is fed back
to a noninverting input terminal of the operational amplifier 32.
The voltage fed back to the noninverting input terminal of the
operational amplifier 32 is given by Vout x R1/(R1 + R2), and this
voltage is referred to as a feedback voltage Vfb. Moreover, the
output terminal 36 is connected to the terminal 106 of the control
circuit 110.

[0039] The switch SW1l is arranged between the gate of the
transistor Tr2 and a ground potential terminal. The switch SW1
is ON in the bypass mode, and is OFF in the regulation mode. 1In
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the bypass mode, when the switch SW1l is ON, since the gate of the
transistor Tr2 is forcibiy lowered to close to grpund.potential,
the transistor Tr2 is forcibly turned fully ON.
[0040] In the bypass mode, when the transistor Tr2 is fully
ON, the difference in electrical potential between drain and
source becomes very small. As a result, the input voltage Vbat,
as the output voltage Vreg, is outputted as it is, from the linear
regulator 30.
[0041] On the other hand, in the regulation mode in which
the switch SW1l is OFF, gate potential of the transistor Tr2 is
controlled by the operational amplifier 32. In the regulation
mode, the operational amplifier 32 adjusts an error voltage Verr,
which is an output thereof, that is, the gate potential of the
transistor Tr2, so that the reference voltage Vref and the
feedback voltage VEfb match. As a result, the output voltage Vreg
of the linear regulator 30 is stabilized to a voltage value given
by Vref x (1 + R2/R1).
[0042] At startup time of the power supply apparatus 100,
the linear regulator 30 operates in the bypass mode, in a time
period until the reference voltage Vref reaches a predetermined
voltage value Vpd, and when the reference voltage Vref exceeds
the predetermined voltage value Vpd, operates in the regulation
mode. The predetermined voltage value Vpd, which is to be
compared to the reference voltage Vref, is desirably set to be
close to a target value (normally about 1.2 V) of the reference

voltage Vref. ON and OFF states of the switch SWl are controlled
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by a mode control signal MODE outputted from the reference voltage
source 20. When the mode control signal MODE is at a high level,
the switch SW1 is ON and the linear regulator 30 is set to the
bypass mode, and when at a low level, the switch SW1l is OFF and
the linear regulator 30 is set to the regulation mode.

[0043] Fig. 4 is a circuit diagram showing a configuration
of the reference voltage source 20 according to the present
embodiment. The reference voltage source 20 is provided with
transistors Q1 to Q12, resistors R3 to R7, and a switch SW2. The
transistors Q1, Q2, Q7, Q8, Q9, 011, and Ql2 are NPN bipolar
transistors, and the transistoﬁs 03, 04, QO5, Q6, and Q10 are PNP
bipolar transistors. The output voltage Vreg of the linear
regulator 30 is inputted to a terminal 22, and the battery voltage
Vbat is applied to a terminal 24. The reference voltage source
20 outputs the reference voltage Vref at about 1.2 V, which is
a target voltage, from an output terminal 26.

[0044] The transistors Q1 to Q4 and the resistor R3 form a
general bias current source that uses a thermal voltage. That
is, transistor pairs, the transistor Q1 and the transistor Q2,
and the transistor 03 and the transistor Q4 respectively form
current mirror circuits. A collector of the transistor Ql and
a collector of the transistor Q3 are mutually connected, and
collectors of the transistor Q2 and the transistor Q4 are mutually
connected. The resistor R3 is arranged between an emitter of the
transistor Q2 and ground. This type of circuit configuration is

known as a self-bias circuit, and a constant current Icd4 flows
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in the transistor Q4.

[0045] The switch SW2 is arranged between an emitter of the
transistors 93 and Q4, and a terminal 22 to which the output voltage
Vreg of the linear regulator 30 is applied. The switch SW2 is
a P-channel MOSFET, and an enabling signal EN from an external
circuit, not shown in the figure, is inputted to a gate. When
the switch SW2 is ON, the reference voltage source 20 is ON, and
the reference voltage Vref is generated. When the switch SW2 is
OFF, a current path of the circuit is shut off, and the reference
voltage source 20 is OFF. The switch SW2 is arranged to provide
low power, and if unnecessary may be omitted.

{004.61 The transistors Q4, 05, and Q6 form a current mirror,
and the transistors Q5 and Q6 generate a current according to the
constant current Ic4 flowing in the transistor Q4. An emitter
of the transistor Q7 is grounded. A resistor R4 is arranged
between a collector of the transistor Q7 and a collector of the
transistor Q5. Furthermore, a base and a collector of the
transistor Q7 are connected to a base of the transistor Q8. A
resistor R6 is arranged between an emitter of the transistor Q8
and ground, and a resistor R5 is arranged between a collector
thereof and a collector of the transistor Q5. The collector
terminal of the transistor Q5 is an output terminal 26 of the
reference voltage source 20, and the reference voltage Vref occurs.
[0047] The base of the transistor Q9 is connected to a
collector of the transistor Q8; an emitter thereof is grounded;

and a collector thereof is connected to a collector of the
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transistor Q6.

[0048] The transistors Q10, Ql11, ©12, and the resistor R7
are provided in order to generate the mode control signal MODE.
A base of the transistor Q10 is connected to a collector of the
transistor 09, and an emitter is connected to a collector of the
transistor Qll. Furthermore, an emitter of the transistor Q10
is connected to the output terminal 26. The transistor Qll and
the transistor Q12 form a current mirror circuit to which bases
and emitters are commonly connected. The resistor R7 is arranged
between the collector of the transistor 012 and the terminal 24
to which the battery voltage Vbat is applied. In the present
embodiment, the transistor Q10 is equivalent to a transistor which
turns ON when the reference voltage Vref reaches a predetermined
voltage value Vpd (= 1.2 V).

[0049] The reference voltage source 20 configured as above
operates normally as a bandgap reference circuit when the output
voltage Vreg of the linear regulator 30 becomes higher than a
predetermined level Vth, and outputs the reference voltage Vref
at about 1.2 V.

[0050] Furthermore, with regard to the reference voltage
source 20, when the output voltage Vreg of the linear regulator
30 becomes higher than a predetermined level, and the reference
voltage Vref reaches the predetermined voltage value Vpd, the
transistor Q10 is ON, and a current Icl0 flows. At this time,
the transistors Q11 and Q12 that form the current mirror circuit

generate a current Icl0’ according to the current Icl0 flowing
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in the transistor Q10. When the current Icl0’ flows in the
resistor R7, since a voltage drop occurs, the mode control signal
MODE goes to a low level.
[0051] When the output voltage Vreg of the linear regulator
30 is lower than a predetermined level, or the reference voltage
source 20 is in an OFF state, since the transistor Q10 is OFF,
the current Icl0 does not flow. Therefore, at this time, since
a voltage drop does not occur across the resistor R7, the mode
control signal MODE becomes equal to the battery voltage Vbat,
and has a high level.
[0052] In this way, when the reference voltage Vref generated
by the reference voltage source 20 reaches the predetermined
voltage value Vpd, the reference voltage source 20 outputs the
mode control signal MODE at a predetermined level (low level).
Furthermore, as described above, this mode control signal MODE
is outputted to the linear regulator 30. Therefore, when the mode
control signal MODE outputted from the reference voltage source
20hasthe;medeterminedlevel(lowie&el),thatis,thexeference
voltage Vref has a predetermined value, the linear regulator 30
transitions to the regulation mode.
[0053] An explanation will be given concerning operations
of the power supply apparatus 100 configured as above. Figs. 5A
and 5B are time charts of the power supply apparatus 100 according
to the present embodiment at startup time and during stable
operation. Fig. 5A shows the battery voltage Vbat, the output
voltage Vreg of the linear regulator 30, and the reference voltage
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Vref that is the output of the reference voltage source 20. In
addition, Fig. 5B shows a mode control signal MODE. In Figs. 5A
and 5B, and in Figs. 6A to 6C described later, in order to make
the explanation clear, vertical axes and horizontal axes are shown
as enlarged or contracted as appropriate. Furthermore, in order
to simply explanations concerning each voltage waveform, there
are cases in which actual voltage waveforms differ from those
shown.
[0054] At time t0, the electronic device 300, in which the
power supply apparatus 100 is installed, is ON, and the battery
voltage Vbat increases with time. Immediately after startup, the
mode control signal MODE has a low level, and the linear regulator
30 is in the regulation mode, but since the operational amplifier
32 is OFF and the reference voltage Vref is 0 V, the output voltage
thereof Vreg is 0 V.
[0055] In the time period from time tO0 to tl, the current
Icl0’ of the reference voltage source 20 does not flow, and since
a voltage drop does not occur across the resistor R7, the mode
control signal MODE is almost equal to the battery voltage Vbat
and increases with time. At time tl, when the voltage value of
the mode control signal MODE becomes larger than a voltage Vt at
which the switch SW1l of the linear regulator 30 is ON, that is,
has a high level, a bypass mode occurs and Vbat = Vreg.
[0056] After time t1l, the output voltage Vreg, approximately
equal to the battery voltage Vbat, from the linear regulator 30

is applied to the terminal 22 of the reference voltage source 20.
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Furthermore, the voltage value of the mode control voltage MODE
rises together with the battery voltage Vbat. When the output
voltage Vreg (= Vbat) of the linear regulator 30 applied to the
terminal 22 of the reference voltage source 20 reaches the
predetermined level Vth, the reference voltage source 20 is in
an ON state, and the reference voltage Vref is stabilized at a
predetermined value (= 1.2 V). When the reference voltage source
20 is in an ON state, the transistor Q10 is ON, and the mode control
signal MODE has a low level.
[0057] At time t2, when the mode control signal MODE goes
to a low level, since the switch SW1l is OFF, the linear regulator
30 transitions to the regulation mode. After time t2, the output
voltage Vreg of the linear regulator 30 is stabilized at a voltage
value given by Vref x (1 + R2/R1).
[0058] Figs. 6A to 6C are time charts of the power supply
apparatus 100 according to the present embodiment at startup time
and during stable operation, and are time charts for cases in which
the battery voltage Vbat is assumed to be constant.
[0059] At time t0, the enabling signal EN goes to a high level
and the switch SW2 is ON. Immediately after startup, the mode
control signal MODE goes to a high level, and the reference voltage
source 20 operates in bypass mode. When the linear regulator 30
operates in bypass mode, the transistor Tr2 is fully ON, a current
flows from the battery to the bypass capacitor C2 via the
transistor Tr2, and with a certain time constant, the output
voltage Vreg of the linear regulator 30 increases.
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[0060] With the increase of the output voltage Vreg of the
linear regulator 30, the reference voltage source 20 begins
operation. As a result, at time tl the reference voltage Vref
reaches the predetermined voltage value Vpd, and the mode control
signal MODE transitions from a high level to a low level. After
time t1l, the linear regulator 30 transitions to the regulation
mode, and performs voltage generation based on the reference
voltage Vref.

[0061] According to the power supply apparatus 100 according
to the present embodiment, the reference voltage source 20, which
generates the reference voltage Vref, is power-supplied by the
output voltage Vreg of the linear regulator 30 which stabilizes
voltage based on the reference voltage Vref. As a result, even
in cases in which switching noise that is generated in the
switching regulator is superimposed on the battery voltage Vbat,
it is possible to generate a stabilized reference voltage Vref
with a small noise component, and in addition, it is possible to
also stabilize the output voltage Vreg of the linear regulator
30.

[0062] Furthermore, in the power supply apparatus 100 of the
present embodiment, the linear regulator 30 is configured to
enable switching of the regulation mode and the bypass mode. In
addition, in a time period until the reference voltage Vref
generated by the reference voltage source 20 reaches the
predetermined voltage value Vpd, the linear regulator 30 operates
in the bypass mode, and when the .reference voltage Vref exceeds
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the predetermined voltage value Vpd, operates in the regulation
mode. In this way, at startup time, when the reference voltage
Vref is lower than the predetermined voltage value Vpd, since the
linear regulator 30 outputs the battery voltage Vbat as it is,
the battery voltage Vbat is supplied to the reference voltage
source 20. When the reference voltage Vrxef exceeds the
predetermined voltage value Vpd, the voltage Vreg, stabilized by
the linear regulator 30 as a power supply voltage, is supplied
to the reference voltage source 20. As a result, the power supply
apparatus 100 including the reference voltage source 20 can be
started up preferably.

[0063] Furthermore, in the linear regulator 30, by providing
the switch SW1l, and turning the transistor Tr2 fully ON using a
switch circuit, at bypass mode time, it is possible to output the
battery voltage Vbat, which is the input voltage, as it is, from
the linear regulator 30.

[0064] Furthermore, in the present embodiment, when the
reference voltage Vref generated by the reference voltage source
20 reaches the predetermined voltage value Vpd, the reference
voltage source 20 outputs the mode control signal MODE at a
predetermined level (low level). The linear regulator 30
switches the regulation mode and the bypass mode based on the mode
control signal MODE outputted from the reference voltage source
20. As a result, before the reference voltage Vref reaches a
predetermined value (1.2 V), the linear regulator 30 can output
the battery voltage Vbat as it is, in bypass mode, and after
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reaching the predetermined voltage value Vpd, can transition to
theregulationmode;andstabilizethebatteryvoltageVbat,based
on the stabilized reference voltage Vref.

[0065] The abovementioned eﬁbodiments are examples, and a
person skilled in the art will understand that various modified
examples in combinations of wvarious component elements and
various processes thereof are possible, and that such modified
examples are within the scope of the present invention.

[0066] In the embodiment, an explanation has been given of
cases in which the reference voltage source 20 and the linear
regulator 30 are applied to the power supply apparatus provided
with a step-up switching regulator that uses a transformer, but
there is no limitation thereto. For example, the switching
regulator may be a non—-insulating type using an inductor, or may
be a step-down/step-up type, or a step-down type. Furthermore,
in place of the switching regulator, a switching power supply,
such as a charge pump circuit or the like, may be used.

[0067] In the embodiment, the configuration of the linear
regulator 30 explained using Fig. 3 is merely an example, and
various types of linear regulator can be used. In Fig. 3, the
switch SW1 is arranged between the gate of the transistor Tr2 and
ground, and by turning the transistor Tr2 fully ON, the bypass
mode is realized; however, there is no limitation thereto, and
if there is a switching circuit which turns the transistor Tr2
fully ON, other forms of circuit may be used. Moreover, in Fig.

3, a configuration is used in which, in the bypass mode, the
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transistor Tr2 itself is turned fully ON and the battery voltage
Vbat, which is the input voltage, is outputted as it is; however,
there is no limitation thereto, and the transistor for a bypass
that is fully ON, in the bypass mode, may be arranged in parallel
to the transistor Tr2.
[0068] In addition, the configuration of the reference
voltage source 20 explained using Fig. 4 is merely one example,
and it is possible to use a constant voltage source of various
forms of bandgap regulator circuit and the like.
[0069] In the embodiment, an explanation was given of cases
in which the mode control signal MODE, which switches the
regulation mode and the bypass mode of the linear regulator 30,
is generated in the reference voltage source 20, but there is no
limitation thereto. The mode control signal MODE may be
separately generated in another circuit block.
[0070] In the embodiment, an explanation was given
concerning cases in which the control circuit 110 is integrated
on one semiconductor substrate, but there is no limitation
thereto; a portion thereof may be configured using a discrete
component or a chip part, or a configuration may be integrated
on a plurality of semiconductor substrates. These circuit
configurations may be appropriately designed in accordance with
a specification required for a circuit.
[0071] With regard to the transistors used in the embodiment,
the bipolar transistor and the MOSFET can clearly be substituted,

and furthermore, the NPN types and PNP types, or the N-channel
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and the P-channel types can also be substituted.
[0072] The present invention, outside of the power supply
apparatus explained in the embodiment, can be used in various
types of semiconductor devices provided with the reference
voltage source 20 and the linear regulator 30. In these cases,
the present invention may be understood as the following
embodiment. That is, in this embodiment, the semiconductor
device is provided with a reference voltage source which generates
a predetermined reference voltage, and a linear regulator which
stabilizes an input voltage Vin, based on the reference voltage
generated by the reference voltage source. Inaddition, an output
voltage of the linear regulator is supplied as a power supply
voltage of the reference voltage source.
[0073] | Also in this embodiment, similar to what was explained
using the abovementioned embodiment, it is possible to generate
the reference voltage in which a noise component is reduced. For
example, it is possible to preferably use the semiconductor device
of the embodiment in a circuit in which noise is generated, and,
for example, a motor drive circuit or the like may be cited.
[0074] While the preferred embodiments of the present
invention have Dbeen described using specific terms, such
description is for illustrative purposes only, and it is to be
understood that changes and variations may be made without

departing from the spirit or scope of the appended claims.

INDUSTRIAL APPLICABILITY
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[0075] The present invention can be used in an electronic

circuit.
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CLAIMS

1. A power supply apparatus comprising:

a switching power supply which stabilizes an input voltage
provided from outside;

a reference voltage source which generates a predetermined
reference voltage; and

a linear regulator which stabilizes the input voltage,
based on the reference voltage generated by the reference voltage
source; wherein

an output voltage of the linear regulator is supplied as
a power supply voltage of a controller of the switching power

supply and the reference voltage source.

2. A power supply apparatus according to claim 1, wherein

the linear regulator is configured to enable switching of
a regulation mode in which a voltage is outputted according to
the reference voltage, and a bypass mode in which the input voltage
is outputted as it is, with no relation to the reference voltage,
and

when the power supply apparatus is started up, the linear
regulator operates in the bypass mode, during a time period until
the reference voltage reaches a predetermined voltage value, and
when the reference voltage exceeds the predetermined voltage

value, operates in the regulation mode.
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3. A power supply apparatus according to claim 2, wherein
the linear regulator comprises:

an operational amplifier to which are inputted the
reference voltage and a feedback voltage corresponding to the
output voltage of the linear regulator;

a transistor in which an error voltage outputted from the
operational amplifier is inputted to a control terminal, and the
inpﬁt voltage is applied to an end, and which outputs the cutput
voltage from another end; and

a switch circuit which changes electrical potential of a
control terminal of the transistor, in the bypass mode, and

forcibly turns the transistor ON.

4. A power supply apparatus according to claim 3, wherein
the switch circuit includes a switch arranged between a terminal
with a fixed electrical potential and the control terminal of the

transistor, which is ON in the bypass mode.

5. A power supply apparatus according to claim 2, wherein,

when the reference voltage generated by the reference
voltége source reaches a predetermined voltage wvalue, the
reference voltage source outputs a mode control signal of a
predetermined level, and

when the mode control signal outputted from the reference
voltage source becomes the predetermined level, the Ilinear

regulator transitions to the regulation mode.
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6. A power supply apparatus according to claim 5, wherein
the reference voltage source generates the mode control signal
based on current flowing in a transistor that is ON when the

reference voltage reaches a predetermined voltage value.

7. A power supply apparatus according to any of claims 1
through 6, wherein the reference voltage source, the linear
regulator, and the controller of the switching power supply are

integrated on one semiconductor substrate.

8. A power supply apparatus according to any of claims 1
through 6, wherein the switching power supply is a step-up

switching regulator which steps up the input voltage.

9., An electronic device comprising:

a battery:;

a load circuit; and

the power supply apparatus according to claim 8, which has
voltage of the battery as an input voltage, and steps up the voltage

to supply the load circuit.

10. An electronic device according to claim 9, further
comprising an imaging unit, wherein the load circuit includes a
xenon tube which operates as a flash when an image is taken by

the imaging unit.
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11. A semiconductor device comprising:

a reference voltage source which generates a predetermined
reference voltage; and

a linear regulator which stabilizes an input voltage, based
on the reference voltage generated by the reference voltage
source; wherein

the semiconductor device supplies an output voltage of the
linear regulator as a power supply voltage of the reference

voltage source.

12. A semiconductor device according to claim 11, wherein

" the linear regulator is configured to enable switching of

a regulation mode in which a voltage is outputted according to

the reference voltage, and a bypass mode in which the input voltage

is outputted as it is, with no relation to the reference voltage,
and

when the semiconductor device is started up, the linear

regulator operates in the bypass mode, during a time period until

the reference voltage reaches a predetermined voltage, and when

the reference voltage exceeds the predetermined voltage, operates

in the regulation mode.
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Examiner Name

Attorney Dacket Number PRM-0155

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of informaticn contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
[ ] Fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

None

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Daniel P. Lent/ Date (YYYY-MM-DD) 2008-09-09

Name/Print Daniel P. Lent Registration Number 44 867

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S5.C. 552a). Records from this system of records may be disclesed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atemic Energy Act (42 U.S.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce)} directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the

application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be
disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an application
which became abandcned or in which the proceedings were terminated and which application is referenced by either a
published application, an application open to public inspections or an issued patent.

9.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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(11)Publication number : 05-035344
(43)Date of publication of application : 12.02.1993

(51)Int.Cl. GO5F 1/56

(21)Application number : 03—189936 (71)Applicant : SANYO ELECTRIC GO LTD
(22)Date of filing : 30.07.1991 (7DInventor : KURIHARA SHINJI

(54) STABILIZED ELECTRIC POWER SUPPLY CIRCUIT

(57)Abstract:

PURPOSE: To obtain a satisfactory ripple removal ratio with simple
circuit configuration.

CONSTITUTION: A stablized output voltage Vout 2 is defined as
the power supply voltage of a reference voltage generating circuit '
1. A starting circuit 5 is provided for staring and by starting an
output buffer 3 by the starting circuit 5, the initial power supply
voltage is impressed to the reference voltage generating circuit 1.
Since the stablized output voltage Vout 2 with a little ripple rather
than an external power supply voltage Vcc is impressed to the
reference voltage generating circuit 1 as the power supply voltage
the ripple removal ratio is improved.

http://www19.ipdL.inpit.go.jp/PA1/result/detail/main/wAAA17aWWnDA405035344P1.htm 2008/08/11
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(57)Abstract:

PROBLEM TO BE SOLVED: To solve the problem of long charging
time of a main capacitor in charging by a conventional flyback—type
charging circuit, in comparison to charging by the so—called
forward—type charging circuit.

SOLUTION: This is a capacitor charger provided with a flyback-
type charging circuit for charging a main capacitor 109, and has a
voltage—increasing capacitor 126 in a circuit for applying voltage to
the primary side of a transformer 106 for forming the charging
circuit, and a control means 105 for applying a second voltage
higher than a first voltage utilizing charge stored in the voltage—
increasing capacitor to the primary side of the transformer, after a
first voltage has been applied.
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(57)Abstract:

PROBLEM TO BE SOLVED: To provide a chopper regulator circuit,
capable of setting output voltage at a low value, increasing the
variable range of the output voltage, and operating, even if the
voltage of the input power supply is low.

SOLUTION: This chopper regulator circuit 10 supplies voltage to a
load 30, by switching the voltage of the input power supply 12 with
a transistor 16 and includes an auxiliary power supply 24 for
generating the voltage of polarity opposite to that of the input
power supply 12 relative to the ground level, to generate a
reference voltage in a control circuit 28 on the basis of the voltage
of the auxiliary power supply 24, set the voltage at the output
terminal of the chopper regulator circuit 10 control as a control
voltage, and to control the transistor 16 so that the control voltage
becomes constant.
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(54) SWITCHING POWER SUPPLYING CIRCUIT

(57)Abstract:

PROBLEM TO BE SOLVED: To provide a low—cost switching
power supply, by making the structure of a flyback transformer
simple and by detecting an output voltage at the primary side.
SOLUTION: A first switching element, which is self—oscillated by a
voltage impressed from a drive coil of the flyback transformer to
excite an exciting coil, is inserted between an exciting coil and a
DC power supply. The drive coil is directly connected to one end
of the exciting coil, and an output voltage detecting portion is
provided for detecting a voltage corresponding to an output
voltage of the exciting coil. An error detecting portion that
compares a detected voltage with a reference voltage is provided
in the output voltage detecting portion. A switching control device
is connected to this error detecting portion. Based on the
magnitude of a voltage difference detected by the error detecting
circuit, a time constant circuit of the switching control device is
made variable to control the ON time of a first switching element
in such a way that the output voltage becomes constant by
controlling the on—off of a second switching element.
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(57)Abstract:

PROBLEM TO BE SOLVED: To provide a circuit by which similar
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circuit of a conventional method, to which the saturable inductor is
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and a positive feed—back winding 12, in the self-switching power
supply.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO.
12/096,765 Tomoyuki Ito PRM-0155

23413 | INTERNATIONAL APPLICATION NO. |

CANTOR COLBURN, LLP PCT/1P2006/324029

20 Church Street LA. FILING DATE PRIORITY DATE

22nd Floor 11/30/2006 12/09/2005

Hartford, CT 06103
CONFIRMATION NO. 4525

371 ACCEPTANCE LETTER

T,

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

06/09/2008 06/09/2008
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(¢)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (¢)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

+ Copy of the International Application filed on 06/09/2008
+ English Translation of the A filed on 06/09/2008

+ Copy of the International Search Report filed on 06/09/2008
* Preliminary Amendments filed on 06/09/2008

« Information Disclosure Statements filed on 09/09/2008

+ Oath or Declaration filed on 06/09/2008

+ U.S. Basic National Fees filed on 06/09/2008

+ Substitute Specification filed on 06/09/2008

+ Priority Documents filed on 06/09/2008

+ Specification filed on 06/09/2008

+ Claims filed on 06/09/2008

+ Abstracts filed on 06/09/2008

+ Drawings filed on 06/09/2008

page 1 of 2
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

TAMALA D HOLLAND

Telephone: (703) 756-1457
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
12/096,765 06/09/2008 1796 930 PRM-0155 12 2
CONFIRMATION NO. 4525
23413 FILING RECEIPT
CANTOR COLBURN, LLP
20 Church Street RN
29nd Floor 000000037061869

Hartford, CT 06103
Date Mailed: 07/28/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Tomoyuki Ito, Kyoto, JAPAN;
Yoichi Tamegai, Kyoto, JAPAN;
Koki Tamakawa, Kyoto, JAPAN;
Isao Yamamoto, Kyoto, JAPAN;
Assignment For Published Patent Application
ROHM CO., LTD., Kyoto, JP
Power of Attorney: The patent practitioners associated with Customer Number 23413

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/JP2006/324029 11/30/2006

Foreign Applications
JAPAN 2005-356077 12/09/2005

If Required, Foreign Filing License Granted: 07/23/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/096,765

Projected Publication Date: 11/05/2009
Non-Publication Request: No

Early Publication Request: No
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Title

POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND SEMICONDUCTOR
DEVICE

Preliminary Class
510

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

page 2 of 3
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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Doc code: IDS PTC/SB/0Ba (07-09)

Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respend to a collection of information unless it contains a valid OMB control number.

Application Number 12096765

Filing Date 2006-11-30

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Tomoyuki Ito

Art Unit

( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number PRMO155US

U.S.PATENTS | Remove |
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS |Remove|
Examiner| Cite Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e Publication Number . Relevant Passages or Relevant
Initial No Code’| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button.l Add |

FOREIGN PATENT DOCUMENTS |Remove|

Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation informaticn please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS |Remove|
, . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite S : . '

e (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue humber(s), TS
Initials No : ; )

publisher, city and/or country where published.

EFS Web 2.1.16
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Application Number 12096765

Filing Date 2006-11-30

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Tomoyuki Ito
Art Unit

Examiner Name

Attorney Dacket Number PRMO155US

1 Chinese Office Action for Application No. 200680013756.3 issued June 26, 2009 with English translation

If you wish to add additional non-patent literature document citation information please click the Add button| Add |
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here i
English language translation is attached.
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Application Number 12096765

Filing Date 2006-11-30

INFORMATION DISCLOSURE

First Named Inventor | Tomoyuki Ito

STATEMENT BY APPLICANT

.. Art Unit
( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number PRMO155US

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of informaticn contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
[ ] Fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

[] None

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Daniel P. Lent/ Date (YYYY-MM-DD) 2009-09-18

Name/Print Daniel P. Lent Registration Number 44867

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S5.C. 552a). Records from this system of records may be disclesed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atemic Energy Act (42 U.S.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce)} directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the

application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be
disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an application
which became abandcned or in which the proceedings were terminated and which application is referenced by either a
published application, an application open to public inspections or an issued patent.

9.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFSID: 6097929
Application Number: 12096765
International Application Number:
Confirmation Number: 4525

Title of Invention:

POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Tomoyuki Ito

Customer Number:

23413

Filer:

Daniel P. Lent/Elizabeth Dyer

Filer Authorized By: Daniel P. Lent
Attorney Docket Number: PRM-0155
Receipt Date: 18-SEP-2009
Filing Date: 09-JUN-2008
Time Stamp: 12:00:16

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
1499672
1 NPL Documents 2D02696.pdf no 19
€27966¢d4628%efc4aa06178081fb08d85)
8562
Warnings:

Information:
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608486
2DR0550.PDF no 4

4fbb6a07a2fe418e5ec027555930f3c90d86)
a4bb

Information Disclosure Statement (IDS)
Filed (SB/08)

Warnings:

Information:

A U.S. Patent Number Citation ora U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

Total Files Size (in bytes); 2108158

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Page 249 of 301




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/096,765 06/09/2008 Tomoyuki Ito PRM-0155
CONFIRMATION NO. 4525
23413 PUBLICATION NOTICE
CANTOR COLBURN, LLP
20 Church Street IR T M
29nd Floor 000000038626870

Hartford, CT 06103

Title:POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND SEMICONDUCTOR DEVICE

Publication No.US-2009-0273327-A1
Publication Date:11/05/2009

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
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1. The disclosure should be carefully reviewed and ensure that any and all

grammatical, idiomatic, and spelling or other minor errors are corrected.

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

Claims 11 and 12 are rejected under 35 U.S.C. 102(b) as being anticipated by
JP05-35344 (hereinafter “'344").

With regard to claims 11 and 12, ‘344 (i.e., Figs. 1, 3) shows a semiconductor
device comprising: a reference voltage source (1) which generates a predetermined
reference voltage; and a linear regulator (including elements 2, 4, 5) which stabilizes an
input voltage (Vcc), based on the reference voltage generated by the reference voltage
source; wherein the semiconductor device supplies an output voltage (Vout2) of the
linear regulator as a power supply voltage of the reference voltage source (1); wherein
the linear regulator (2, 4, 5) is configured to enable switching of a regulation mode in
which a voltage is outputted according to the reference voltage, and a bypass mode in
which the input voltage is outputted as it is, with no relation to the reference voltage,
and when the semiconductor device is started up, the linear regulator (2, 4, 5) operates

in the bypass mode, during a time period until the reference voltage reaches a
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predetermined voltage, and when the reference voltage exceeds the predetermined

voltage, operates in the regulation mode (para. [0011] — [0027]).

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 1-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over
JP2004-32899 (hereinafter “899”) in view of ‘344.

With regard to claims 1-8, ‘899 (i.e., Figs, 1, 4) shows a power supply apparatus
comprising: a switching power supply (including elements 16, 18, 28) which stabilizes
an input voltage (12) provided from outside; a reference voltage source (72) which
generates a predetermined reference voltage; and a linear regulator (74) which
generates an output voltage based on the reference voltage generated by the reference
voltage source (72); wherein an output voltage of the linear regulator is supplied as a
power supply voltage of a controller (28) of the switching power supply.

‘899 does not disclose the linear regulator stabilizing an input voltage; an output
voltage being supplied as a power supply voltage of the reference voltage source; and
the linear regulator further comprising an operational amplifier to which are inputted the
reference voltage and a feedback voltage corresponding to the output voltage of the
linear regulator; a transistor in which an error voltage outputted from the operational

amplifier is inputted to a control terminal, and the input voltage is applied to an end, and
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which outputs the output voltage from another end; and a switch circuit which changes
electrical potential of a control terminal of the transistor, in the bypass mode, and
forcibly turns the transistor ON.

‘344, however, shows the linear regulator (2, 4, 5) stabilizing an input voltage
Vcc); an output voltage being supplied as a power supply voltage of the reference
voltage source (1); and the linear regulator further comprising an operational amplifier
(2) to which are inputted the reference voltage and a feedback voltage corresponding to
the output voltage (Vout2) of the linear regulator; a transistor (3) in which an error
voltage outputted from the operational amplifier (2) is inputted to a control terminal, and
the input voltage (Vcc) is applied to an end, and which outputs the output voltage from
another end; and a switch circuit (5) which changes electrical potential of a control
terminal of the transistor, in the bypass mode, and forcibly turns the transistor ON.

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to utilize the linear regulator stabilizing an input voltage; an output
voltage being supplied as a power supply voltage of the reference voltage source; and
the linear regulator further comprising an operational amplifier to which are inputted the
reference voltage and a feedback voltage corresponding to the output voltage of the
linear regulator; a transistor in which an error voltage outputted from the operational
amplifier is inputted to a control terminal, and the input voltage is applied to an end, and
which outputs the output voltage from another end; and a switch circuit which changes
electrical potential of a control terminal of the transistor, in the bypass mode, and

forcibly turns the transistor ON as taught in ‘344 into the power supply apparatus of ‘899
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for the purpose of enhancing the power efficiency of the power supply apparatus in ‘899
through stabilizing the output voltage via such a structure and performance of the linear

regulator in '344.

4. Claims 9 and 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over
‘899 in view of ‘344 as applied to claims 1-8 above, and further in view of JP2002-
315335 (hereinafter “3357).

With regard to claims 9 and 10, ‘899 in view of ‘344 shows a power supply
apparatus comprising all the claimed subject matter as discussed above in section 3,
except for a battery; a load circuit, in which the voltage of the battery is as an input
voltage, and steps up the voltage to supply the load circuit; and further comprising an
imaging unit, wherein the load circuit includes a xenon tube which operates as a flash
when an image is taken by the imaging unit.

‘335, however, discloses an electronic device (i.e., Fig. 1) comprising: a battery
(101); a load circuit (111), in which the voltage of the battery is as an input voltage, and
steps up the voltage to supply the load circuit; and further comprising an imaging unit
(camera), wherein the load circuit includes a xenon tube (111) which operates as a flash
when an image is taken by the imaging unit.

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to utilize a battery; a load circuit, in which the voltage of the battery
is as an input voltage, and steps up the voltage to supply the load circuit; and further

comprising an imaging unit, wherein the load circuit includes a xenon tube which
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operates as a flash when an image is taken by the imaging unit as taught in ‘335 into
the power supply apparatus of ‘899 in view of ‘344 for the purpose of giving the power

supply apparatus an ability to use in the device of a camera.

5. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

Andres et al. (U.S. Pat. No. 6,130,529), Germanski et al. (U.S. Pat. No.
6,275,017) and Watanabe et al. (U.S. Pub. No. 2009/0072626) also disclose power
supply devices each of which comprises a switching power supply circuit cooperating

with a linear power regulator for supplying a stabilized output voltage to a load circuit.

6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MATTHEW V. NGUYEN whose telephone number is
(571)272-2081. The examiner can normally be reached on 8 HOURS M-F.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, MONICA LEWIS, can be reached on (571)272-1838. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/MATTHEW V NGUYEN/
Primary Examiner, Art Unit 2838
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: TOMOYUKIITO ET AL. )
) Group Art Unit: 2838
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) Examiner: Nguyen, Matthew
Filed: June 9, 2008 )
) Confirmation No.: 4525
For: POWER SUPPLY DEVICE, ELECTRONIC)
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SEMICONDUCTOR DEVICE )

Customer No. 23413

AMENDMENT

VIA EFS-Web
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
This Amendment is submitted in response to Office Action dated August 27, 2010. If
there are any additional charges with respect to this Amendment or otherwise, please charge

them to Deposit Account No. 06-1130.

Please amend the application as follows:

Case No. PRMO0155US 1
Serial No. 12/096,765
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IN THE CLAIMS

Complete listing of the claims:

1. (Currently amended) A power supply apparatus for use with an input voltage

provided from outside, the power supply apparatus comprising:

a switching power supply which stabilizes an-the input voltage-previded-fromoutside;

a reference voltage source which generates a predetermined reference voltage; and

a linear regulator which stabilizes the input voltage, based on the reference voltage
generated by the reference voltage source; wherein

an output voltage of the linear regulator is supplied as a power supply voltage of a
controller of the switching power supply and the reference voltage source, and the input

voltage is not directly supplied to the controller as a power supply voltage.

2. (Original) A power supply apparatus according to claim 1, wherein

the linear regulator is configured to enable switching of a regulation mode in which a
voltage is outputted according to the reference voltage, and a bypass mode in which the input
voltage is outputted as it is, with no relation to the reference voltage, and

when the power supply apparatus is started up, the linear regulator operates in the
bypass mode, during a time period until the reference voltage reaches a predetermined voltage
value, and when the reference voltage exceeds the predetermined voltage value, operates in the

regulation mode.

3. (Original) A power supply apparatus according to claim 2, wherein the linear regulator
comprises:

an operational amplifier to which are inputted the reference voltage and a feedback
voltage corresponding to the output voltage of the linear regulator;

a transistor in which an error voltage outputted from the operational amplifier is
inputted to a control terminal, and the input voltage is applied to an end, and which outputs the
output voltage from another end; and

a switch circuit which changes electrical potential of a control terminal of the

Case No. PRMO0155US 2
Serial No. 12/096,765
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transistor, in the bypass mode, and forcibly turns the transistor ON.

4. (Original) A power supply apparatus according to claim 3, wherein the switch circuit
includes a switch arranged between a terminal with a fixed electrical potential and the control

terminal of the transistor, which is ON in the bypass mode.

5. (Original) A power supply apparatus according to claim 2, wherein,

when the reference voltage generated by the reference voltage source reaches a
predetermined voltage value, the reference voltage source outputs a mode control signal of a
predetermined level, and

when the mode control signal outputted from the reference voltage source becomes

the predetermined level, the linear regulator transitions to the regulation mode.

6. (Currently amended) A power supply apparatus according to claim 5, wherein the

reference voltage source-genera

comprises:

a first transistor of PNP type connected at one end to a terminal where the reference

voltage is generated and turned on when the reference reaches a predetermined voltage;

a second transistor provided between the other end of the first transistor and a ground

terminal of the first transistor;

a third transistor connected to the second transistor so as to form a current mirror

circuit and generating a current according to a current flowing in the second transistor; and

a resistor provided on a current path of a current flowing in the third transistor and

connected at one end to a terminal where the input voltage is applied,

wherein a signal generated at the other end of the resistor is output as the mode control

signal.
7. (Previously presented) A power supply apparatus according to claim 1, wherein the
reference voltage source, the linear regulator, and the controller of the switching power supply
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are integrated on one semiconductor substrate.

8. (Previously presented) A power supply apparatus according to claim 1, wherein the

switching power supply is a step-up switching regulator which steps up the input voltage.

9. (Original) An electronic device comprising:
a battery;
a load circuit; and
the power supply apparatus according to claim 8, which has voltage of the battery as

an input voltage, and steps up the voltage to supply the load circuit.

10. (Original) An electronic device according to claim 9, further comprising an
imaging unit, wherein the load circuit includes a xenon tube which operates as a flash when an

image is taken by the imaging unit.

11. (Original) A semiconductor device comprising:

a reference voltage source which generates a predetermined reference voltage; and

a linear regulator which stabilizes an input voltage, based on the reference voltage
generated by the reference voltage source; wherein

the semiconductor device supplies an output voltage of the linear regulator as a power
supply voltage of the reference voltage source,

the linear regulator is configured to enable switching of a regulation mode in which a

voltage is outputted according to the reference voltage, and a bypass mode in which the input

voltage is outputted as it is, with no relation to the reference voltage,

when the semiconductor device is started up, the linear regulator operates in the

bypass mode, during a time period until the reference voltage reaches a predetermined voltage,

and when the reference voltage exceeds the predetermined voltage, operates in the regulation

mode,

the reference voltage source outputs a mode control signal of a predetermined level

when the generated reference voltage source reaches a predetermined voltage value, and
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the linear regulator makes transition to the regulation mode when the mode control

signal output from the reference voltage source reaches the predetermined level,

where the reference voltage source comprises:

a first transistor connected at one end to a terminal where the reference

voltage is generated:

a second transistor provided between the other end of the first transistor and a

ground terminal of the first transistor;

a third transistor connected to the second transistor so as to form a current

mirror circuit and generating a current according to a current flowing in the second

transistor; and

a resistor provided on a current path of a current flowing in the third transistor

and connected at one end to a terminal where the input voltage is applied,

wherein a signal generated at the other end of the resistor is output as the

mode control signal.

12. (Cancelled)
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REMARKS

Claims 1-11 are pending herein.

1. The anticipation rejections of claims 11-12 based on JP 05-35344 (‘344), as noted on page 2
of the Office Action.

The USPTO respectfully rejects claims 11-12 under 35 U.S.C. § 102(b) as being
anticipated by ‘344. Claim 12 is cancelled.

‘344 does not disclose the specifically claimed reference voltage source of claim 11.

Claim 11 claims in relevant part:

“where the reference voltage source comprises:

a first transistor connected at one end to a terminal where the reference voltage
is generated;

a second transistor provided between the other end of the first transistor and a
ground terminal of the first transistor;

a third transistor connected to the second transistor so as to form a current
mirror circuit and generating a current according to a current flowing in the
second transistor; and

a resistor provided on a current path of a current flowing in the third transistor
and connected at one end to a terminal where the input voltage is applied,

wherein a signal generated at the other end of the resistor is output as the mode
control signal.”

No new matter is added by the amendments. Support for the amendments is found in present

Figure 4. Regarding these limitations, it is respectfully not seen where ‘344 discloses the
claimed structure quoted above.

For example, the USPTO respectfully argues on page 2 of the Office Action that
structure 1 of ‘344 is the specifically claimed reference voltage source. However, it is

respectfully important to note that ‘344 does not disclose the specifically claimed reference

voltage source structure as claimed in claim 11.
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In contrast, present Figure 4 illustrates at least one possible embodiment of the claimed

structure quoted above. For example, in present Figure 4, transistors Q10, Q11, and Q12

respectively correspond to the specifically claimed first, second, and third transistors of

claim 11, and resistor R7 corresponds to the specifically claimed resistor of claim 11.

Thus, it is respectfully asserted that ‘344 does not disclose all the limitations of
independent claim 11. Therefore, it is respectfully asserted that ‘344 does not anticipated

independent claim 11.

1I. The obviousness rejections of claims 1-8 based on JP 2004-32899 (‘899) in view of ‘344, as
noted on page 3 of the Office Action.

The USPTO respectfully rejects claims 1-8 under 35 U.S.C. § 103(a) as being

unpatentable over ‘899 in view of ‘344. Claim 1 is an independent claim.

A. The cited references do not teach or suggest that the input voltage is not directly
supplied to the controller as a power supply voltage, as claimed in claim 1.

Claim 1 claims in relevant part:

“an output voltage ofthe linear regulator is supplied as a power supply voltage
of'a controller of the switching power supply and the reference voltage source,
and the input voltage is not directly supplied to the controller as a power
supply voltage.” (emphasis added)

No new matter is added by the amendment. Support for the amendment is found in present
Figure 1. Regarding these limitations, it is respectfully not seen where the cited references
teach or suggest the claimed structure quoted above.

For example, the USPTO respectfully argues on page 3 of the Office Action that ‘8§99
teaches an input voltage from structure 12, and a controller 28. However, regarding the

amendments, Applicants respectfully note that the output voltage of the voltage supply 12 of

‘899 (i.e., the purported input voltage) is input to a positive power supply terminal of

structure 28 of ‘899. In other words, the purported input voltage of ‘899 is directly supplied

to the controller as a power supply voltage. Thus, ‘899 does not teach or suggest that the
input voltage is not directly supplied to the controller as a power supply voltage, as claimed in

claim 1.
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Additionally, ‘344 does not overcome these deficiencies in the primary reference ‘899.
For example, ‘344 respectfully does not teach or suggest at all that the input voltage is not
directly supplied to the controller as a power supply voltage, as claimed in claim 1.

In contrast, present Figure 1 illustrates at least one possible embodiment of the claimed
structure quoted above. For example, present Figure 1 shows an input voltage Vin and a

switching controller 40. As seen in present Figure 1, input voltage Vin is not supplied to

switching controller 40 as a power supply voltage. Thus, the input voltage is not directly

supplied to the controller as a power supply voltage, as claimed in claim 1.

The distinction noted above is important and non-trivial because it results in significant
advantages over conventional devices. For example, as explained in paragraph [0005] of the
present specification, in conventional devices there is a problem that noise superimposed on the
reference voltage risks hindering a stepping up or a stepping down operation of the device.

However, the structure of claim 1 helps to stabilize the power supply to the controller of

the switching power supply so that the stepping up operation and the stepping down

operation are stabilized.

Thus, it is respectfully asserted that the cited references, taken either alone or in
combination, do not teach or suggest all of the limitations of independent claim 1. Therefore,

it is respectfully asserted that independent claim 1 is allowable over the cited references.

B. The dependent claims.

As noted above, it is respectfully asserted that independent claim 1 is allowable, and

therefore it is further respectfully asserted that dependent claims 2-7 are also allowable.
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1II. Conclusion.

Reconsideration and allowance of all of the claims is respectfully requested.

If there are any additional charges with respect to this Request for Reconsideration or
otherwise, please charge them to Deposit Account No. 06-1130.

Please contact the undersigned for any reason. Applicants seck to cooperate with the
Examiner including via telephone if convenient for the Examiner.

Respectfully submitted,

By: /Daniel P. Lent /
Daniel P. Lent
Registration No. 44,867

Date: November 29, 2010
CANTOR COLBURN LLP
20 Church Street, 22™ Floor
Hartford, CT 06103
Telephone (860) 286-2929
Facsimile (860) 286-0115
Customer No.: 23413
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malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

23413 7590 02/09/2011
Certificate of Mailing or Transmission
CANTOR COLBURN LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
20 Church Street States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
22nd Floor transmitted to the USPTO (571) 273-2885, on the date indicated below.
Hartford, CT 06103 tor'
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/096,765 06/09/2008 Tomoyuki Ito PRM-0155 4525

TITLE OF INVENTION: POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND SEMICONDUCTOR DEVICE

| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 05/09/2011
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
NGUYEN, MATTHEW VAN 2838 323-281000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v. epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
12/096,765 06/09/2008 Tomoyuki Ito PRM-0155 4525
23413 7590 02/09/2011 | EXAMINER |
CANTOR COLBURN LLP NGUYEN, MATTHEW VAN
20 Church Street | ART UNIT PAPER NUMBER |
22nd Floor

2838

Hartford, CT 06103 DATE MAILED: 02/09/2011

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 353 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 353 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101  or
(571)-272-4200.
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Application No. Applicant(s)

. . 12/096,765 ITO ET AL.
MATTHEW V. NGUYEN 2838

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to amendment filed on 12/27/10.

2. [X] The allowed claim(s) is/are 1-11.

3. X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a ) Al b)[dSome* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. X Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date .
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date ____ .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [ ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application
2. [J Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. X Information Disclosure Statements (PTO/SB/08), 7. [J Examiner's Amendment/Comment

Paper No./Mail Date 12/27/10
4. [J Examiner's Comment Regarding Requirement for Deposit 8. [J Examiner's Statement of Reasons for Allowance

of Biological Material

9. [ other )

/MATTHEW V NGUYEN/
Primary Examiner, Art Unit 2838
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20110130
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

12096765 ITO ET AL.
Examiner Art Unit
MATTHEW V NGUYEN 2838

ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
323 281 G|o|s|F 1/40 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
323 273
O Claims renumbered in the same order as presented by applicant O CPA O T.n. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10

1 11

12
NONE
Total Claims Allowed:
11

(Assistant Examiner) (Date)
/MATTHEW V NGUYEN/
Primary Examiner.Art Unit 2838 01/30/2011 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20110130
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 12096765
Filing Date 2008-06-09

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Tomoyuki ITO

Art Unit 2838

Examiner Name Nguyen, Matthew

Attorney Docket Number PRM0155US

U.S.PATENTS | Remove |
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS |Remove|
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
o e Cite No . Relevant Passages or Relevant
Initial Number Cocde’| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button.l Add |

FOREIGN PATENT DOCUMENTS |Remove|
Name of Patentee or Pages,Columns, Lines
Examiner| Cite | Fareign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation informaticn please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS |Remove|
, . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite . . . '
o (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
Initials No : . )
publisher, city and/or country where published.
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Receipt date: 12/27/2010 Application Number 12096765 12096765 - GAU: 2838
Filing Date 2008-06-09

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Tomoyuki ITO
Art Unit 2838

Examiner Name Nguyen, Matthew

Attorney Docket Number PRM0155US

1 Japanese Office Action for Japanese Patent Application No. 2005-356077 dispatched September 28, 2010 with
English translation

If you wish to add additional hon-patent literature document citation information please click the Add buttonl Add |
EXAMINER SIGNATURE

Examiner Signature /Matthew Nguyen/ Date Considered 1/30/2011

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here i
English language translation is attached.
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Page 290 of 301



EAST Search History

EAST Search History

EAST Search History (I nterference)

‘Ref # iHits Search DBs Default Plurals {Time Stamp
Query Operator
L1 10929  {(switch$3 adj2 US-PGPUB; OR ON 2011/01/30
: (power USPAT; 20:42
voltage UPAD
current) adj2
(supply$3
supplie$1)).
: clm.
iL12 377156 ireference.cim. (US-PGPUB; {OR ON 2011/01/30
USPAT; 20:42
5 UPAD
iL13 2472 ((linear$2 US-PGPUB; {OR ON 2011/01/30
near3 regulat  {USPAT; 20:42
$3) ((low adj2 {UPAD
drop$4) LDQO)).
: clm.
iL14 2267153 {(control$4 driv {US-PGPUB; {OR ON 2011/01/30
$4).cim. USPAT; 20:43
5 UPAD
iL15 33 111213 14 US-PGPUB; {AND ON 2011/01/30
USPAT: 20:43
UPAD

1/30/11 8:43:49 PM

file:///Cl/Documents%20and %20Settings/MNguyen1/My%20Docu...2096765/EASTSearchHistory.12096765_ AccessibleVersion.htm1/. 3qﬂé§éthl1PM 301




Search Notes

Application/Control No.
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UNITED STATES PATENT AND TRADEMARK OFFICE

BIB DATA SHEET

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.Uspto.gov

CONFIRMATION NO. 4525

CLASS
323

SERIAL NUMBER
12/096,765

FILING or 371(c)
DATE
06/09/2008
RULE

GROUP ART UNIT
2838

ATTORNEY DOCKET
NO.

PRM-0155

APPLICANTS
Tomoyuki Ito, Kyoto, JAPAN;
Yoichi Tamegai, Kyoto, JAPAN;
Koki Tamakawa, Kyoto, JAPAN;
Isao Yamamoto, Kyoto, JAPAN;

** CONTINUING DATA *+*+essssmiimiinbiohbikins
This application is a 371 of PCT/JP2006/324029 11/30/2006

*k FOREIGN APPLICATIONS kkkkhkdkhkhkhhhkhkhhkhkkhkhkkd
JAPAN 2005-356077 12/09/2005

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
07/23/2009

Foreign Priority claimed aYes D No

35 USC 119(a-d) conditions met aYes D No

Verified and /MATTHEW VAN
NGUYEN/

Examiner's Signature

STATE OR
COUNTRY

JAPAN

D Met after
Allowance

Acknowledged Initials

SHEETS
DRAWINGS

5

TOTAL
CLAIMS

12

INDEPENDENT
CLAIMS

2

ADDRESS

CANTOR COLBURN LLP
20 Church Street

22nd Floor

Hartford, CT 06103
UNITED STATES

TITLE

POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND SEMICONDUCTOR DEVICE

FEES: Authority has been given in Paper

|Q All Fees

|0 1.16 Fees (Filing)

|EI 1.17 Fees (Processing Ext. of time

FILING FEE
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT
930 No. for following:

|EI 1.18 Fees (Issue)

|EI Other

|0 Credit

BIB (Rev. 05/07).
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ap(sgropriale. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " ADDRESS" for
maintenance fee notifications.
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal, This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.
23413 7590 02/09/2011 c i £ M
ertificate of Mailing or Transmission
CANTOR COLBURN LLP I hereby certify that this Fee(sf) Transmittal is being deposited with the United
20 Church Street States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
22nd Floor transmitted to the USPTO (571) 273-2885, on the date indicated below.
Hartford, CT 06103 o
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/096,765 06/09/2008 Tomoyuki Ito PRM-0155 4525
TITLE OF INVENTION: POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND SEMICONDUCTOR DEVICE
| APELN. TYPE SMALL ENTITY I ISSUE FEE DUE | PUBLICATION FEE DUE l PREV, PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE ]
nonprovisional NO $1510 $300 $0 $1810 05/09/2011
l EXAMINER I ART UNIT J CLASS-SUBCLASS |
NGUYEN, MATTHEW VAN 2838 323-281000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
LiGhange o ‘ | CANTOR COLBURN LLP
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
[J "Fee Address" indication (or "Pee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents, If no name is 3
Number is required. listed, no name will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the palent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
ROHM CO., LTD. Japan

Please check the appropriate assignee category or categories (will not be printed on the patent) : [J Individual & Corporation or other private group entity L3 Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
& 155ue Fee [ A check is enclosed.
Publication Fee (No small entity discount permitted) & Payment by credit card. Form PTO-2038 is attached.
R Advance Order - # of Copies five (5) () The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra'copy of this form).

5. Change in Entity Statns (from status indicated above)
Oa Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Qe Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
NOTE: The Issue Fee and Publication Fee (#f required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the Uni#féd States Patent and Trademark Office.
4

[ ¥
L !

Authorized Signature (f? S Date

Typed or printed name Sean F. Sullivan Registration No. 38,328

This collection of information is required by 37 CFR 1.311. The information is reciluired to obtain or refain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will va{hy depending upon the individual case. Any comments on the amount of time you require to cornpl))lele
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

12096765

Filing Date:

09-Jun-2008

Title of Invention:

POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND
SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Tomoyuki lto

Filer:

Sean Sullivan/Diane Briggs

Attorney Docket Number:

PRM-0155

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1510 1510
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Printed copy of patent - no color 8001 5 3 15
Total in USD ($) 1825
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Electronic Acknowledgement Receipt

EFSID: 10037550
Application Number: 12096765
International Application Number:
Confirmation Number: 4525

Title of Invention:

POWER SUPPLY DEVICE, ELECTRONIC DEVICE USING THE SAME, AND
SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Tomoyuki Ito

Customer Number:

23413

Filer:

Sean Sullivan/Diane Briggs

Filer Authorized By:

Sean Sullivan

Attorney Docket Number: PRM-0155
Receipt Date: 06-MAY-2011
Filing Date: 09-JUN-2008
Time Stamp: 14:28:00

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $1825

RAM confirmation Number 696
Deposit Account 061130

Authorized User

SULLIVAN,SEAN F.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
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File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
164575
1 Issue Fee Payment (PTO-85B) 4B49289.PDF no 1
6eeecbeb1484630011394245bd45fbbb6o4
23cc93
Warnings:
Information:
34018
2 Fee Worksheet (PTO-875) fee-info.pdf no 2
b93846ff5a1b612184b4e999a681e7535bc|
81fad
Warnings:
Information:
Total Files Size (in bytes); 198593

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/096,765 06/14/2011 7960955 PRM-0155 4525
23413 7590 05/25/2011
CANTOR COLBURN LLP
20 Church Street
22nd Floor

Hartford, CT 06103

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 358 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Tomoyuki Ito, Kyoto, JAPAN;

Yoichi Tamegai, Kyoto, JAPAN;
Koki Tamakawa, Kyoto, JAPAN;
Isao Yamamoto, Kyoto, JAPAN;

IR103 (Rev. 10/09)
Page 301 of 301



	23413_12096765_06-09-2008_Preliminary Amendment
	23413_12096765_06-09-2008_Specification
	23413_12096765_06-09-2008_Claims
	23413_12096765_06-09-2008_Abstract
	23413_12096765_06-09-2008_Applicant Arguments/Remarks Made in an Amendment
	23413_12096765_06-09-2008_Specification
	23413_12096765_06-09-2008_Fee Worksheet (SB06)
	23413_12096765_06-09-2008_Electronic Filing System Acknowledgment Receipt
	23413_12096765_06-09-2008_Application Data Sheet
	23413_12096765_06-09-2008_Documents submitted with 371 (National Stage) Applications
	23413_12096765_06-09-2008_Specification
	23413_12096765_06-09-2008_Claims
	23413_12096765_06-09-2008_Drawings-only black and white line drawings
	23413_12096765_06-09-2008_Oath or Declaration filed
	23413_12096765_06-09-2008_WIPO Publication - Non-English version
	23413_12096765_06-09-2008_Certified Copy of Foreign Priority Application
	23413_12096765_06-09-2008_Fee Worksheet (SB06)
	23413_12096765_09-09-2008_Information Disclosure Statement (IDS) Form (SB08)
	23413_12096765_09-09-2008_Transmittal Letter
	23413_12096765_09-09-2008_Foreign Reference
	23413_12096765_09-09-2008_Foreign Reference
	23413_12096765_09-09-2008_Foreign Reference
	23413_12096765_09-09-2008_Foreign Reference
	23413_12096765_09-09-2008_Foreign Reference
	23413_12096765_09-09-2008_Electronic Filing System Acknowledgment Receipt
	23413_12096765_07-27-2009_Miscellaneous Internal Document
	23413_12096765_07-27-2009_Claims Worksheet (PTO-2022)
	23413_12096765_07-27-2009_Fee Worksheet (SB06)
	23413_12096765_07-28-2009_Notice of Designated Office (DO) / Elected Office (EO) Acceptance Mailed
	23413_12096765_07-28-2009_Filing Receipt
	23413_12096765_09-18-2009_Information Disclosure Statement (IDS) Form (SB08)
	23413_12096765_09-18-2009_Transmittal Letter
	23413_12096765_09-18-2009_Electronic Filing System Acknowledgment Receipt
	23413_12096765_11-05-2009_Notice of Publication
	23413_12096765_08-27-2010_Non-Final Rejection
	23413_12096765_08-27-2010_List of references cited by examiner
	23413_12096765_08-27-2010_Search information including classification, databases and other search related notes
	23413_12096765_08-27-2010_List of References cited by applicant and considered by examiner
	23413_12096765_08-27-2010_List of References cited by applicant and considered by examiner
	23413_12096765_08-27-2010_Examiner's search strategy and results
	23413_12096765_11-29-2010_Amendment/Request for Reconsideration-After Non-Final Rejection
	23413_12096765_11-29-2010_Claims
	23413_12096765_11-29-2010_Applicant Arguments/Remarks Made in an Amendment
	23413_12096765_11-29-2010_Electronic Filing System Acknowledgment Receipt
	23413_12096765_12-27-2010_Information Disclosure Statement (IDS) Form (SB08)
	23413_12096765_12-27-2010_Transmittal Letter
	23413_12096765_12-27-2010_Electronic Filing System Acknowledgment Receipt
	23413_12096765_02-09-2011_Notice of Allowance and Fees Due (PTOL-85)
	23413_12096765_02-09-2011_Issue Information including classification, examiner, name, claim, renumbering, etc.
	23413_12096765_02-09-2011_List of References cited by applicant and considered by examiner
	23413_12096765_02-09-2011_Examiner's search strategy and results
	23413_12096765_02-09-2011_Search information including classification, databases and other search related notes
	23413_12096765_02-09-2011_Examiner's search strategy and results
	23413_12096765_02-09-2011_Bibliographic Data Sheet
	23413_12096765_05-06-2011_Issue Fee Payment (PTO-85B)
	23413_12096765_05-06-2011_Fee Worksheet (SB06)
	23413_12096765_05-06-2011_Electronic Filing System Acknowledgment Receipt
	23413_12096765_05-25-2011_Issue Notification



