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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 ofrecord 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 

Page 3 of 301



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--ef 

claims 1 through 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 

claims 1 through 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. 

Date: June 9, 2008 
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Respectfully submitted, 

By:/Daniel P. Lent/ 
Daniel P. Lent 
Registration No. 44,867 
CANTOR COLBURN LLP 
20 Church Street 
22nd Floor 
Hartford, CT 06103 
Telephone (860) 286-2929 
Facsimile (860) 286-0115 
Customer No. 23413 
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1 

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 

TECH±'JICAL FIELD 

[0001] The present invention relates to power supply 

apparatuses, and in particular to technology for generating 

10 stable voltage that is not affected by noise. 

2. Description of the Related Art 

RELATED ART 

[0002] In various kinds of electronic devices, in order to 

15 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. 

20 [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 

25 stepping down operation. 

Patent Document 1: 2004-201474 
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2 

Patent Document 2: 2005-73483 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[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 

10 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 

15 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 

20 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. 

25 

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 
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3 

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. 

5 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 

10 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 

15 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, 

20 during a time period until the reference voltage reaches a 

predetermined voltage value, and when the reference voltage 

exceeds the predetermined voltage value, may operate in the 

regulation mode. 

[0010] In such cases, at the startup time, since the input 

25 voltage from the linear regulator is outputted as it is, when the 

reference voltage is lower than a threshold voltage, the input 
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4 

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 

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 

10 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 

15 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, 

20 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 

25 fully ON using the switch circuit, it is possible to output the 

input voltage from the linear regulator, as it is. 

RM-70144WO 

Page 11 of 301
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[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 

5 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. 

10 [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 

15 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 

20 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 adj us ting a circuit 

constant, may be arranged outside the semiconductor substrate. 

[0016] The switching power supply may be a step-up switching 

25 regulator which steps up the input voltage. In such cases, the 

noise generated in the switching element runs into the reference 
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6 

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 

5 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. 

10 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 

15 reference voltage, and a linear regulator which stabilizes input 

voltage, based on the reference voltage generated by the reference 

20 

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. 

25 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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10 

7 

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 

mutually substituted among methods, devices, and systems, are 

valid embodiments of the present invention. 

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 

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

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 

20 voltage. 

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 

25 be exemplary, not limiting, and wherein like elements are numbered 

alike in several Figures, in which: 

RM-70144WO 

Page 14 of 301
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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 

5 is installed; 

10 

15 

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. SA and SB 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. 

DETAILED DESCRIPTION OF THE INVENTION 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] The invention will now be described based on preferred 

embodiments which do not intend to limit the scope of the present 

invention but exemplify the invention. All of the features and 

20 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 

25 device 300 in which the power supply apparatus 100 of Fig. 1 is 

installed. The electronic device 300 is a mobile telephone in 
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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, 

5 and is provided as a power supply of the electronic device 300. 

10 

The battery 310 outputs a voltage of about 3 to 4 Vas 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 

15 200 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 

20 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 

25 of the light emitting device 200. 

[0027] The DSP 314 outputs a flash signal FLASH to the light 
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10 

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 4 0 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 

15 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 

20 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 

25 110 includes a reference voltage source 20 and a linear regulator 

30, in addition to the switching transistor Trl and the switching 
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11 

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 

5 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 

10 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 

15 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. 

20 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, 

25 is inputted via a power supply terminal 104, to the linear 

regulator 30. The linear regulator 30 stabilizes the battery 
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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 

5 connected to a terminal 10 6. 

[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 

10 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 

15 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 

20 linear regulator 30 includes a transistor Tr2, an operational 

amplifier 32, a first resistor Rl, a second resistor R2, and a 

switch SWl. 

[0038] The transistor Tr2 is a P-channel MOSFET, and a source 

thereof is connected to an input terminal 34 to which the battery 

25 voltage Vbat is applied. The input terminal 34 of the linear 

regulator 30 is connected to the power supply terminal 104 of the 
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control circuit 110. The reference voltage Vref outputted from 

the reference voltage source 2 0 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 

5 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 Rl and the second resistor R2, and is fed back 

to a noninverting input terminal of the operational amplifier 32. 

10 The voltage fed back to the noninverting input terminal of the 

operational amplifier 32 is given by Vout x Rl/ (Rl + 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. 

15 [0039] The switch SWl is arranged between the gate of the 

transistor Tr2 and a ground potential terminal. The switch SWl 

is ON in the bypass mode, and is OFF in the regulation mode. In 

the bypass mode, when the switch SWl is ON, since the gate of the 

transistor Tr2 is forcibly lowered to close to ground potential, 

20 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 

25 regulator 30. 

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

5 transistor Tr2, so that the reference voltage Vref and the 

feedback voltage Vfb 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/Rl). 

[0042] At startup time of the power supply apparatus 100, 

10 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 

15 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 

by a mode control signal MODE outputted from the reference voltage 

source 20. When the mode control signal MODE is at a high level, 

20 the switch SWl is ON and the linear regulator 30 is set to the 

bypass mode, and when at a low level, the switch SWl 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 

25 embodiment. The reference voltage source 20 is provided with 

transistors Ql to Q12, resistors R3 to R7, and a switch SW2. The 

RM-70144WO 

Page 21 of 301



15 

transistors Ql, Q2, Q7, Q8, Q9, Qll, and Q12 are NPN bipolar 

transistors, and the transistors Q3, Q4, Q5, Q6, and Ql0 are PNP 

bipolar transistors. The output voltage Vreg of the linear 

regulator 30 is inputted to a terminal 22, and the battery voltage 

5 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 Ql to Q4 and the resistor R3 form a 

general bias current source that uses a thermal voltage. That 

10 is, transistor pairs, the transistor Ql and the transistor Q2, 

and the transistor Q3 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 

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 

20 transistors Q3 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 

25 the reference voltage Vref is generated. When the switch SW2 is 

OFF, a current path of the circuit is shut off, and the reference 
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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, QS, and Q6 form a current mirror, 

and the transistors QS and Q6 generate a current according to the 

5 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 QS. Furthermore, a base and a collector of the 

transistor Q7 are connected to a base of the transistor Q8. A 

10 resistor R6 is arranged between an emitter of the transistor Q8 

and ground, and a resistor RS is arranged between a collector 

thereof and a collector of the transistor QS. The collector 

terminal of the transistor QS is an output terminal 26 of the 

reference voltage source 20, and the reference voltage Vref occurs. 

15 [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 

transistor Q6. 

[0048] The transistors Ql0, Qll, Q12, and the resistor R7 

20 are provided in order to generate the mode control signal MODE. 

A base of the transistor Ql0 is connected to a collector of the 

transistor Q9, and an emitter is connected to a collector of the 

transistor Qll. Furthermore, an emitter of the transistor Ql0 

is connected to the output terminal 26. The transistor Qll and 

25 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 Ql0 is equivalent to a transistor which 

turns ON when the reference voltage Vref reaches a predetermined 

5 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 

10 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 

15 transistor Ql0 is ON, and a current Icl0 flows. At this time, 

the transistors Qll and Q12 that form the current mirror circuit 

generate a current Icl0' according to the current Icl0 flowing 

in the transistor Ql0. When the current Icl0' flows in the 

resistor R7, since a voltage drop occurs, the mode control signal 

20 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 Ql0 is OFF, 

the current Icl0 does not flow. Therefore, at this time, since 

25 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 

5 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 

10 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. SA 

and SB are time charts of the power supply apparatus 100 according 

15 to the present embodiment at startup time and during stable 

operation. Fig. SA 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. In 

addition, Fig. SB shows a mode control signal MODE. In Figs. SA 

20 and SB, 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 

25 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 

5 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 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 

10 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 SWl of the linear regulator 30 is ON, that is, 

has a high level, a bypass mode occurs and Vbat ~ Vreg. 

15 [0056] After time tl, 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 

20 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 

25 20 is in an ON state, the transistor Ql0 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 SWl 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 

5 value given by Vref x (1 + R2/Rl). 

10 

[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 to, 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 

15 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. 

[0060] With the increase of the output voltage Vreg of the 

linear regulator 30, the reference voltage source 20 begins 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 various component elements and 

various processes thereof are possible, and that such modified 

25 examples are within the scope of the present invention. 

[0066] In the embodiment, an explanation has been given of 
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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 

5 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 

10 regulator 30 explained using Fig. 3 is merely an example, and 

various types of linear regulator can be used. In Fig. 3, the 

switch SWl 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 

15 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, 

20 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, 

25 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 

10 thereto; a portion thereof may be configured using a discrete 

component or a chip part, or a configuration may be integrated 

15 

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 

20 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 

25 device is provided with a reference voltage source which generates 

a predetermined reference voltage, and a linear regulator which 
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25 

stabilizes an input voltage Vin, based on the reference voltage 

generated by the reference voltage source. In addition, 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, 

10 for example, a motor drive circuit or the like may be cited. 

[0074] While the preferred embodiments of the present 

invention have been 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 

15 departing from the spirit or scope of the appended claims. 

INDUSTRIAL APPLICABILITY 

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

circuit. 

20 
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SUBSTITUTE SPECIFICATION - CLEAN VERSION 

POWER SUPPLY APPARATUS 

BACKGROUND OF THE INVENTION 

5 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. 

10 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 

15 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, 

20 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. 

25 

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 

5 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 

10 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. 

15 

20 

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, 

25 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 

5 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. 

10 [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 

15 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 value, may operate in the 

regulation mode. 

20 [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 

25 increases, the reference voltage source starts normal operation, 

and the reference voltage rises and exceeds a predetermined 
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voltage value. 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 

5 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 

10 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 

15 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. 

20 [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 

25 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 

5 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 

10 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" 

15 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 adj us ting a circuit 

constant, may be arranged outside the semiconductor substrate. 

20 [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 

25 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 

5 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 

10 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 

15 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 

20 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 

25 operate in the regulation mode. 

[0020] 
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10 

7 

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 limiting, and wherein like elements are numbered 

alike in several Figures, in which: 

[0022] Fig. 1 is a block diagram showing a configuration of 

15 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 

20 linear regulator of Fig. 1; 

25 

Fig. 4 is a circuit diagram showing a configuration of a 

reference voltage source of Fig. 1; 

Figs. SA and SB 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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DETAILED DESCRIPTION OF THE INVENTION 

[0023] The invention will now be described based on preferred 

embodiments which do not intend to limit the scope of the present 

5 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. 

10 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) 

15 314, 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 Vas a battery 

voltage Vbat. The DSP 314 is a block which performs overall 

20 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 

25 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 

5 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 

10 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 

taking of an image by a user. When the flash signal FLASH is 

15 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 

20 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 4 0 and a switching 

transistor Trl of the power supply apparatus 100, and the 

transformer 10, which is external, the rectifier diode 12, and 

25 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 

5 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 

10 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. 

15 

20 

[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 output capacitor Cl is charged. 

25 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 

5 voltage source 20 may be inputted via an enabling terminal 108. 

10 

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 

15 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 

20 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 

25 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 

5 of the linear regulator 30 according to the embodiment. The 

linear regulator 30 includes a transistor Tr2, an operational 

amplifier 32, a first resistor Rl, a second resistor R2, and a 

switch SWl. 

[0038] The transistor Tr2 is a P-channel MOSFET, and a source 

10 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 2 0 is inputted to an inverting input 

15 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 

20 the first resistor Rl 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 Rl/ (Rl + R2), and this 

voltage is referred to as a feedback voltage Vfb. Moreover, the 

25 output terminal 36 is connected to the terminal 106 of the control 

circuit 110. 
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[0039] The switch SWl is arranged between the gate of the 

transistor Tr2 and a ground potential terminal. The switch SWl 

is ON in the bypass mode, and is OFF in the regulation mode. In 

the bypass mode, when the switch SWl is ON, since the gate of the 

5 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, 

10 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 SWl is OFF, gate potential of the transistor Tr2 is 

controlled by the operational amplifier 32. In the regulation 

15 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 Vfb match. As a result, the output voltage Vreg 

of the linear regulator 30 is stabilized to a voltage value given 

20 by Vref x (1 + R2/Rl). 

[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 

25 the predetermined voltage value Vpd, operates in the regulation 

mode. The predetermined voltage value 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 SWl are controlled 

by a mode control signal MODE outputted from the reference voltage 

5 source 20. When the mode control signal MODE is at a high level, 

the switch SWl is ON and the linear regulator 30 is set to the 

bypass mode, and when at a low level, the switch SWl is OFF and 

the linear regulator 30 is set to the regulation mode. 

[0043] Fig. 4 is a circuit diagram showing a configuration 

10 of the reference voltage source 20 according to the present 

embodiment. The reference voltage source 20 is provided with 

transistors Ql to Q12, resistors R3 to R7, and a switch SW2. The 

transistors Ql, Q2, Q7, Q8, Q9, Qll, and Q12 are NPN bipolar 

transistors, and the transistors Q3, Q4, Q5, Q6, and Ql0 are PNP 

15 

20 

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 Ql to Q4 and the resistor R3 form a 

general bias current source that uses a thermal voltage. That 

is, transistor pairs, the transistor Ql and the transistor Q2, 

and the transistor Q3 and the transistor Q4 respectively form 

current mirror circuits. A collector of the transistor Ql and 

25 a collector of the transistor Q3 are mutually connected, and 

collectors of the transistor Q2 and the transistor Q4 are mutually 
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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 Q3 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 

10 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. 

15 

20 

[0046] The transistors Q4, QS, and Q6 form a current mirror, 

and the transistors QS 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 QS. 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 RS is arranged between a collector 

thereof and a collector of the transistor QS. The collector 

25 terminal of the transistor QS 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 Q8; an emitter thereof is grounded; 

and a collector thereof is connected to a collector of the 

transistor Q6. 

[0048] The transistors Ql0, Qll, Q12, and the resistor R7 

are provided in order to generate the mode control signal MODE. 

A base of the transistor Ql0 is connected to a collector of the 

transistor Q9, and an emitter is connected to a collector of the 

transistor Qll. Furthermore, an emitter of the transistor Ql0 

10 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 Q12 and the terminal 24 

to which the battery voltage Vbat is applied. In the present 

15 embodiment, the transistor Ql0 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 

20 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 

25 30 becomes higher than a predetermined level, and the reference 

voltage Vref reaches the predetermined voltage value Vpd, the 
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transistor Ql0 is ON, and a current Icl0 flows. At this time, 

the transistors Qll and Q12 that form the current mirror circuit 

generate a current Icl0' according to the current Icl0 flowing 

in the transistor Ql0. When the current Icl0' flows in the 

5 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 Ql0 is OFF, 

10 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 

15 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 

20 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 

25 of the power supply apparatus 100 configured as above. Figs. SA 

and SB 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. SA 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. In 

5 addition, Fig. SB shows a mode control signal MODE. In Figs. SA 

and SB, 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 

10 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 

15 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 t0 to tl, the current 

20 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 

25 which the switch SWl 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 tl, 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 

5 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 

10 predetermined value (= 1. 2 V) . When the reference voltage source 

20 is in an ON state, the transistor Ql0 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 SWl is OFF, the linear regulator 

15 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/Rl). 

[0058] Figs. 6A to 6C are time charts of the power supply 

apparatus 100 according to the present embodiment at startup time 

20 and during stable operation, and are time charts for cases in which 

the battery voltage Vbat is assumed to be constant. 

[0059] At time to, 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 

25 source 20 operates in bypass mode. When the linear regulator 30 

operates in bypass mode, the transistor Tr2 is fully ON, a current 
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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. 

[0060] With the increase of the output voltage Vreg of the 

5 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 

10 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 

15 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 

20 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 

25 enable switching of the regulation mode and the bypass mode. In 

addition, in a time period until the reference voltage Vref 
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generated by the reference voltage source 2 0 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 

10 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. 

15 

20 

[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 

25 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 

5 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 various component elements and 

10 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 

15 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, 

20 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 SWl is arranged between the gate of the transistor Tr2 and 

25 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 

5 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 

10 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 

15 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 

20 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 

25 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 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. In addition, an output 

15 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 

20 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 been described using specific terms, such 

25 description is for illustrative purposes only, and it is to be 

understood that changes and variations may be made without 
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departing from the spirit or scope of the appended claims. 
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, ~E:l:t,lL,f.:.lm,00 f±~'lm'"t-00 *fr., ~:/imO)~IH±, :9600:a"~!t~T0tO)'"ff±ti< 

J~jf-'"f ili:>0 -c, ~:lim O)~m f;: ~~~ti,'5 T-"-C 0) %:lt~-t" 0)*£ldi-it:b'1t f±, ~, f'L, 

t:96000)*~1¥JtttO)'"fili:>otf±~!tt>ftv'o 

[0024] @H±, ~:lfmO)~mf;:~,5fflt)j~fitl000);f#)Jx;a-jf-T7Py::7@--C-ili:>'5o @2f±, 

@1 O)'~'ij~fil 1 00a-1tiGL,f:_'i;-=f ;jl$3OO0);{#)Jx;a"JJ-'"97'Py:;7@--C-ili:>00 ffl-=f 
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~~300 f-;:t, :JJ ;,F7 :a-mt1t L-tr.:J1M1n1i!h'1#ff *-cilb 1J , fflffi131 o, if!Hi mJ:11! ms 312, D 

SP (Digital Signal Processor) 314, ffl{l$316, ~J'c~ift200:a-ffli~.:So 

[ 0025] fflr& 31 Qf-;:t, tr. l:: ~ 119 :r '7 Jv(:✓.t-1/fflr&-Cilb IJ, ffl-r~~3000)Ul:: L---C$Ht G 

n.:So fflr& 31 O f-;:t, ffiffi1 fflEEVbatl:: L, --C 3 ,.__, 4 m~ O)ffiEE :a-t±tt.rt" .:So D SP 314 f-;:t 

, m-1-~~300~-Pfs::a-~ffla-9 f;:.ifiUfill!-r.:s ::tPo/:7-CilblJ, ilMi m3!1ttf~312, fflfltt~3 

16, ~J'c~nt2oobli~tn--c1,,,;so imfimJ:11!$312f-;:t, 71/TT, ~mlil;t@mtt 

;!::~.7i-, £;1.ig]ml::O)ifflfi:a-tf57''i:zo/:7-Cilb.:So ffl{l$316f';:t, CCD(Charge Co 

upled Device) ~CMOS-e/'-!J"ft~O)ffl{l~ift-Cilb.:So ~J'c~ift200f';:t, fflfl:tf[S 

316(;:.J::,:Sjf{lO)~f;:_, 77o/1/::r.l::l, L ffll,, 't,tl.,,:SJ'tr}j-CiJb.:S0 

[0026] ~J'c~ift200f';:t, U~iftlOO, ~J'c*-1-212, ~J'ciff!Jfilll@Jm214:a,-fiiii~.:So ~ 

**-r212l::l, --Cf';:t::\"--e./1/7::r. -::tft;!::ii~ffll,, ,t:,tt,;so -~iftlOOf';:t, /v'Jo/7"✓ 

:1/v:¥ ::r. v-7'-Cilb-::>--C, fflftl131 oti~G~~tn.:Sfflffi1 fflEEVbat:a-~J±L,, ~J'c* 

-1-2121;:.3oom~O)~i!JffiJ±Vout:a-~~i".:So ~J'ciff!Jfill!@m214f-;:t, ~J'c~M 

2000)~J't 0) 7' -1 ~✓ :7":a-iliUfill!i" .:So 

[0027] DSP314f';:t, .::z.--!ff;:.J::,:Sjf{l0)?',1~1/:1/l::fR)W]l, --C77o/1/::r.{i%FLASH:a,~ 

J'ciffUfill!@m214f;:.:,aj-L, --Ct±liJi".:So ~J'ciffUfill!@m214f';:l:77o/1/::r.{i%FLASHil~ 

.AiJtn.:Sl::, ~**-1-212:a-~J'ct.:it.:So 

[0028] ~H;:ER:IJ, fflr&fflEEVbat1r~EEi".:Sfflr)j~iftlOOf;:01,,v-cmOOi".:So U~M 

lOOf';:J:, iffUfill!@m110, r71/.:::'10, m¥jft;ffl::$f -1'-t"-Fl2, t±\t.JS\'-.y/~1/?'CL /~,1 

/~.A::\"-i" /~1/?'C2~,b> o 

[0029] ~Hctov'--C, U~ift1000).A-1o/71/:1/iff!Jfilll:tf~40, .A-'lo/71/:.'l"'r71/~.A?'Tr 

1, ft G VWH,:nttn.:s r 71/ .A 10, ~¥jft;ffl 7"'-1:✓.t-F 12, t±\ jJ ::\"-i" /~1/ 7' C 1 iJ~.A-'1 o/ 

:r1/:1/U:a-ffi115,x;i".:So r71/.Al00)l~fJllj::z,1;vO)ffillJ/m-rf;:.f-;:t, .AiJfflEEVinl::L, 

--Cffir&fflEEVbatil~l=:Pilntn.:So 1 ~{11,lj::z,1 /vO)ffi2li/m-rf';:t, ifiUjp@m 1100).A,,(o/:r 

1/:1/l1/m-r102bli~tn.:So 'i.tr., r71/.Al00)2~f.llJJ::z-1 ;vO)ffilli/m-rf;:.f-;:t, ~¥itffl 

::,r-1:✓.t-r:·120)7 .1-Fti~m~tn, ~¥jft;m::,r-1:✓.t-F120):JJ1/-t:'l::m;ligli/m-f-riJ11;:. 

f';:ttf:ljJ:;\"--r-/~1/?'Clil~m~ttt, --Cv ,;so r71/.Al00)2~f.11Jj::z,1 JvO)ffi2li/m-rf';:tm;lig 

th.:So 
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[0030] t'j:(f;:, ffiU~@~ l l0O);jifjJtf;:01,, ,--ctm~T9o ffiU~@~ 1101-;t, A-1o/T1/~r7 

1/~.A;;rTrl, A-1o/71/:1'ffiU~$40f;:tJak--C, £~ffiEEli:20, !J.::::.7v::¥;:i.v-;;rs 

0-a:~ 'J.J., V- t:-0 0) ~~ fiji:~J:: f;: -fiji:~ffi1~th tcffi"m3I C-e;liJ90 

[0031] A-'1o/71/~r71/~A;;rTrH'J:, NPN~0).1,,1~-7}-,71/~A;;,-e;liJ'?, A-1o/T1/ 

~r71/~A;;rTrl O)::zv:7 ;;rf-;t, A-1 o/71/ ~f!/M-=f 102-a;:Jt' L, -Cr71/A 100) 1 t'J({ll)j::z,1 

11,,,f;:~~t;n,, :r.~o/;;rf-;t~ffi!th "Cv'90 A-1o/71/~r71/~A;;rTrH'J:MOSFET 

-e;fiJ5,ltL, --CtJ::v 'o 

[0032] A-'1o/71/~fri!J~:tf~40f'J:, A-1o/T/':1'r71/~A;;rTr10).--:::--AffiEE-a:ffiU~L, ·-c_ 

-t 0) ,✓-J-1/.✓-J-7-a:ffiU~i" 9o A-1 o/T 1/ :7''r 71/~ A;;.rTr 1 ;6~ .✓-J-1/.✓-J-7-a:~I? :i!&i":. t: f ;:J:: 

I?, r 71/ A 100) 1 tX ffi1J- 2tX 1JIJJ::z-11v 1;: 3'e1n;: ffivm:o~vm;n,, 1:l:tf.1S\--t .1~1/ ;;re 1 :6~ 3'fi 

ffit;n,9o lli.1JS\--t.1~1/;;rc1tJ:,.t>f'J:, ~$iJ:,.t>~kt>tl,fcJ,..1JffiEEVin-a::nEEL, -C~f 

t,;(l,9 lfi.1JffiEEVout;6~ lfi.1Jtt19o 

[0033] £~ffiEEli:20f-;t, .1,1/F::¥-to/7!J77v1/.A§l~-e;liJ0-C, ijr~O)£~ffiEEVref 

-a:1:J5JtT9o £~ffiEEli:20f;:f-;t~$;6:,.t,J,.t,tti,9--( ;:t.-::t Jv{i%EN:6~, -1 ;t.­

:i1vfi/M-=f 108-a;Jt'L, --CJ,..1Jtt1--CtJ::v 'o -1 ;t.--::t Jv{i%ENf';t, ffili:~fft1000),al 

tht:t:tlu---1v.--:::1vt:tt9o -1.;:t.-:1·1v{i%ENii~.1"-1v.--:::1vO)t:~, £~ffiEEli:20 

f'±.✓-J-1/L,, Bf~ 0)£~ffiEEVref-a;-1:J5,lti" 9o 

[ 0034] !J.::::. 7v::¥;:,. v-;;i sm;: f-;t, ffili:l1lm+ 104-a::Jt' L, -c, J,.t, ffiEE-e;liJ9 ffiW! ffiEEVba 

t:6~.AJJtt1 -Cv'9o !J.::::.7v::¥;:i.v-;;rsm-;t, £~ffiEEli:201;:J::1?1:J5Jttt19£~ 

ffiEEV refl;:t t:--:5~, J,.t, ffiEE-e;liJ9 ffirfil ffiEEVbat-a:~~ 1~ L, --C ill jJ i" 9o !J.::::. 7 

v::¥;:,. v-;;i 300) l±ltlf!/M-=f f-;t, fIIM+ 1061;:~~tntu,-1 .,~AS\--t .1~1/;;rc2-a::1t"L 

-C~ffi!tt19o 

[0035] ~~i"9J::51;:, !J.::::.7v::¥;:i.v--;;rsm-;t, £~ffiEE1i:20:o:,.t>l±l.1Jth9£~fflEE 

Vrefl;:~CtcffiEE-a:l±l.1Ji"9v::¥;:i.v-1/s1/.'.'.E:--Ft:, £~ffiEEVreft:f'J:1!WOO~I;: 

, ffirID.ffiEEVbat-a:-tO)'i'il±l.1Ji"9.1,,1.1~.A.'.'.E:--Ft:, :6~1Wl?ffk "i:fJ"m3f;::fiJ5Jttt19 

o !J.::::. 7v::¥;:,. v-;;.,300) 200).'.'.E:--P'f-;t, £~ffiEEli:20iJ:,.t>l±l.1J tti,9.'.'.E:---Ffri!J~ 

1i%MODEl-:J::0-C1Wl?ffkt>t19o 

[0036] ;:O)ffitl~§I~ 1 l0IC~ov ,-c, !J.::::.7v::¥;:i.v--;;r3oO)lli.1JffiEEVregf';t, A-1o/T1/ 
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:1' U 0) .A-1 'YT 1/ :1' $1Jqfij)~4o :to J:: tr£~fflE£7Jj200)fflt)j fflEE c!:: L -c f:Jt.~t tt,Qo 

[0037] ~ 3l'J:, ~:bTh;O)~~ f;:~Q !J;::. 7v::¥ ::i. v-?'300);j1JjpJt:a,-~i"IID~~~;i,;Qo !J;::. 7 

v::¥::i.v-?'30l'J:, t-71/V.A?'Tr2, iji(.f.iljlj$32, ffil:tremRL ffi2:tremR2, .A"l 

o/'TSWl~tfo 

[0038] t-71/V.A?'Tr2l'J:, PT-\" 1/ *;vMOSFETt:;l;;~, t0)1/-.AiJ~ffl¥& fflEEVbatO) 

l=P;JJottt, -Cv'QA.7Jftlru-=f34IC~~ttt,Qo !J;::.7v::¥::i.v-?'300),AjJft/M-=f34l'J:, 

ffitlqfij) !ID~ 11OO)ffl?}jft/M-=f104c!::~~t tl,Qo M:.f-111i$3 20) ,&)~AiJ ft/M-=f f;: l'J:, 

£~fflEE?J:2on~t>1±1.1JttJ.,Q£~fflJ±VrefiltA.1Jttt,, t0)/±l.1Jftlru-=fl'J:, t-71/V 

.A?°'Tr20)ffitlqfij}ftlru-=f~;l;;Q,1/-H;:~~ttt,Qo t-71/V.A?'Tr20)Fv-11/l'J:, !J;::.7 

v::¥::i.v-?'300)/±ljJft/M-=f36tC*1J~L,, l±l.1Jft/M-=f36tcmtt,Q/±ljJfflE£Vregl'J:, ffi 

1 :tremR L ffi2:tremR2 ICJ:: 0 -C ,t EE t ti.,, M:.f-1lli$320) # &)~,At., ftlru-=f f ;:1j~ 

ttl,Q0 M:.f.iljlj$320)#}3t~A.1J!'tlm-=f t;:1ffi-~ttt,QfflE£1j:, Vout X Rl/ (Rl 

+ R2) ~-9-:Zt>tl,, ;:.O)fflE£:a.-1i~fflE£Vfbc!::v '?o f,t;to, l±l.1J!'tlm-=f36fj:, ifJUqfij}!ID~ 

1100))'1/m-=f 106t:~~ttl,Q0 

[0039] .A-1 o/'7SW1 l'i, t-71/V.A?'Tr20)-1/-J--c!::~:1:1!3ffl{ft!'tlm-=f rd'J f;:~~tt>tl,Qo ;:.O).A,1 

o/'TSWU'J:, -'~-1 -'~.A.::i:--Ftc;toi., ,-c;,.t-1/, v::¥.1v-Vs1/.::i:--F1c:ro1; ,-c;:t-7'-tQ 

o -'~-1 -'~.A.::i:--P'f;::t31,, ,-c, .A"lo/'TSWlil~;:t-1/TQt:, t-71/V.A?'Tr20),1/-1--il~~ 

:f:1!3fflfftf,Juii~5lffiUa(J (;: ~TTQ tr..°lf.J, t-71/V.A?'Tr2il~5lf!iUa(J 1;:7 ;v;:t-1/TQo 

[0040] -'~-1 -'~.A.::i:--Ft;:;to1,, ,-c, t-71/V.A?'Tr2il~7 ;v;:t-1/TQt:, Fv-11/1/-.Ard'JO)ffl 

fft~n~#mtuJ,t<ttQo tO)Mlf*, !J;::. 7v::¥ ::i. v-?'30iPt>f'J:, /±lf.lfflEEVregc!:: 

L--C' A.1JfflEEVbatil~tO)'i'il±l.1Jttt,Qo 

[0041] -ii, .A-4o/'7SW1:6~;:t-7't"Qv::¥.1v-Vs1/.::i:--Ft;:;to1;,-c1'J:, t-71/V.A?'Tr2 

0),1/-J-,ffl{ftfj:, M:.f.iljli$32tcJ:: 0-CffiUqfq)ttt,Qo v::¥.1 v-Vs1/.::i:--Ft;:;to1,,' 

-C, M:.f-11~j$32l'J:, £~fflEEVrefc!::, 1i~'mEEVfbil~-~TQJ::5 f;:, tO) /±If.I 

~;i,;Q~~fflEEVerr, '-tft:bi::> t-71/V.A?'Tr20),1/-J-,ffl{ft:a,-Wll}ffii"Qo tO)Mlf * 

, !J;::.7v::¥::i.v-?'300)/±ljJfflE£Vregl'J:, VrefX (1 +R2/Rl)~-9-:Zt>tl,Qffl; 

EE{oo]c*n: {~ttt,Qo 

[0042] ;:.O)!J;::.7v::¥::i.v-?'30fj:, fflt)j~Ml00O)~IIJ~t;:;toi., ,-c, £~fflEEVrefil~ 
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mJE O)fflEE{lV pd ICJiT Q °i-C-O)M Ftefl, .1-::,1.1~7--=c--F-C-IIJ{'FL,, £~fflEEVref:6:. 

B'fJEO)fflEE{iFfVpd:a:J:.lillQt, v:¥.::z.v-1/s1/-=t--F-C-llJ1'FTQa £~fflEEVreft 

.lt~t:rt,Q-"~B'fJEO)fflEE{lVpdf-;;t, £~fflEEVrefO) ~ ffl1l (imm'l. 2V~l3t-C-&J 

Q) #ur f C~JET QO) ti:.~'iL,v ''a 7-,{ o/7SW1 O);,.f-1/;d-7 f';;}:, £~fflEEm2oiJ:-.G 1±1 

t,ttt,Q-=t--Fffi!Jq(fp{t%MODEICJ::0--Cffi!Jq(fpt:hQa !J.::=.7v:¥.::z.v-?'30f';;}:, -=E-­

}tffitlq(fpft%MODEi1:..1,-{v-"JvO)t~7'-1o/"TSWliJ:.;d-1/l,--C.1-::,1 .l~.7--=E--FIC~ 

JEt:h, P-V-"JvO)t:~7'-1o/"TSWliJ:.:;t7L, --Cv:¥.:::z.V-1/S1/-=E--FIC~JEt:h 

[0043] 1@4f-;;t, *~:Mli0)~~1c~Q£~fflEEm200)ff/ifflt:a:~-t"!illjijl@-c,&JQa £~'/IEE 

m20f';;}:, t'71/V7'?'Ql "-'Ql2, :ffi:mR3"-'R7, 7'-1o/"TSW2, :a:.ffii~Qo l--71/1/7' 

?'Ql, Q2, Q7, Q8, Q9, Ql 1, Q12f';;}:, NPN~.1-::-{IJ{'-7}-71/v.7-?'-C-&J".J, }-7 

1/V.7-?'Q3, Q4, Q5, Q6, QlOf';;}:, PNP~.1-::,11J{'-7}-71/v.7-?7-C-&JQo trmFf22 

!Cf';;}:, !J.::=.7v:¥.::z.v-?'300)/±lf,fflEEVregil:.J..flt:h, trmFf24fCf-;;t, fflft!1fflEEV 

batil:.f:PJJOt:hQa £~mEEm2of-;;t, l±lfl!'tlfi!-=f26il:-.G ~ ffl{l-C-iYJQl. 2~)t0)£ 

~fflEEVref:a:/::1:lflTQa 

[0044] l--71/V.7-?'Ql "-'Q4:toJ::V:ffi:mR3f-;;t, -~1¥Jttf1MIEE:a:fflv\tu-::,177-ffl~m 

:a:ffliffltTQa -t-ttb'l:>, l--71/V.7-?'Ql:toJ::Vl--71/V.7-?'Q2, l--71/V.7-?'Q3:toJ::V 

t' 71/1/ .A?°' Q40) t' 71/1/ 7'?' ~ 7 f';;}:, ~:rt,~ :tJ,jJ V 1/ t'~ 7-lffi ]ij:a:fflffltT Qo t' 71/ 

v.7-?'Ql O)::zv:7 ?1 t, t'71/V.7-?'Q30)::zv:7?'f';;l:liv \fcm~t:h, r71/V7'?7Q2t 

r71/V.7-?'Q40)::zv:7?7ftliv \fcm~t:hQa :ffi:mR3f';;}:, t'71/V7'?7Q20).::r:.:::'.o/?7 

tm:ffi!lfflfC~ftG:hQa ;::jL,f;::lffi~ff/i}Jjtf';;}:, § e,.1-::.,{77-@~tL, --C~G:h, t'71/1/ 

7'?'Q4fCf';;}:, JEffl~Ic4iJ:.~tl,Qa 

[0045] 7'-1o/"TSW2ft, l--71/V.7-?'Q3, Q40):r::::'.o/?'t, !J.::::.7v:¥.::z.v-:$7300)/±lflffl 

EEVregil:.f:PJJOt:hQ!'t/m-r220)FtefJ fC~ltG:hQa 7'-1o/"TSW2ftP"T-\"1/*JvMOS 

FET-C-&J-:>--C, if-Hcf';;}:jg]~L,ftv \~tf!Slill~iJ:-.G0)-1 *-:1'1vft%ENiJ:.J..flt:h 

Qa 7--1 o/"TSW2ti:.:;t1/TQt, £~'/IEEm2mt:;t1/L,, £~fflEEVref:a:1:ffltTQa 

7'-1o/"TSW2iJ:.:;t7-t"Qtlffi~O)fflyjf&R'l?e~il:.i11$ft:h, £~mEEm2oft:;t7TQa 

7'-1o/"TSW2f';;t,fil;fflf,{t;O)f;::~fC~ftG:h-5tO)-C-&JIJ, ::f~-C-iYJ:hfi~"~L, --CtJ:: 
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[0046] F.71/V7-:$7Q4c1:::Q5, Q6c1:::f'±, .iJv1/J-.~7-a-ffliffltL--C:tolJ, r-71/V7-?'Q5, Q6 

f'±, r-71/V7-?'Q4tr:m&:h01Efflm&Ic4tr:r.tCt-::fflm&a-1:ffltt"00 r-71/V7-?'Q7t'±, 

.:::r:.~o/?'7Ji~ffi!t:h00 r-71/V7-?'Q7 O)::::zv:7 :$7 c!::, r-71/V7-:$7Q50)::::z v:7 ?'FJ.1 tr: f'±, 

mmR47JiIDtftt:>:h00 *f-::, r-71/V7-?'Q70).,,--::-7,:t3J::t)t::::zv:7:$'f'±, r-71/V7-?'Q 

80).,,--::-7,c1:::~mt:h00 r-71/V7-?'Q80).:::r:.~o/?' t~ffi!rJ.J tr:f'±, mm:R67JiIDtftt:>:h 

, "t"O)::::zv:7 ?' c!::, r-71/V7-?'Q50)::::zv:7:$'Fl'li tr:f'±mmR57JiIDtftt:>:h00 r-71/V7-?' 

Q50):::zv:7 ?'fl/M-=f f'±, £~fflfE?)j200) lli.tn'r/m-=f 26c1:::ft-:,-C:]o1J, £~fflEEVref7J~ 

ffl.:h00 

[004 7] r-71/V.7-?'Q90).,,--::-7-f'±, r-71/V7-?'Q80)::::z v:7 ?' t~mt:h, "t"O).:::r:.~o/?'f'±~ 

ffi!t:h, "t"O)::::zv:7 ?'f'±, r-71/V7-?'Q60)::::zv:7 ?' c!::~mt:h00 

[0048] r-71/V7-?'Ql0, Qll, Q12:loJ::VmmR7f'±, --=E--FffiU~fi%MODEa-1:ffltt" 

0t-::bb tr:IDtftt:>:h -Cv '00 r-71/V7-?'Ql00).,,--::-7,f-;t, r-71/V.7-?'Q90)::::zv:7:$1 t~ 

mt:h, .:::r:.~o/?'f'± r-71/V7-:$7Q 11 O)::::zv:7 :>' c!::~mt:h00 *f-::, r-71/V 7-?'Q 100) 

.:::r:.~o/?'f'±, lli.1Jfl/M-=f 26t:~mt:h00 r-71/V7-:$7Q 11 c1::: r-71/V7-?'Q 12f'±.,,--::-7-, 

.:::r:.~o/?'7J~~ili~mt:ht-::::fJv1/J-.~7-§l~a-ffiffltT00 r-71/V7-?'Ql20)::::zv:7:$' 

c1:::, ffl¥ID,fflJ±Vbati'J~~PiJOt:h0fl/M-=f 240)Fl'li f;:f-;t, mmR 77JiIDtftt:>:h00 *~JniiO) 

~fil\H;:::tov ,-c, r71/V7-?'Ql0f'±, £~fflJ±Vref7J~BTJEO)fflJ±{itVpd (-=-r 1. 2V) 

tr:~0b<r1/T0r-71/V7-:$7t;:ffi~T00 

[0049] ~J:O)J::5 [;:fflif.vtt:ht-::£~fflJ±?)j20f'±, A-1o/TSW27J~;<f1/~@tr::tov ,-c, !J.:::. 

7v:¥;:r.v-:$7300)/:ljjJfflJ±Vreg7J~, BTfEV""lvVthJ::IJ~<tt0c!::, .1~1/F:¥.Yo/7 

!J77v1/7-§l~c1:::L--C1E1ftt;:iJJf'FL-, 1. 2VfflJ.i:0)£~fflJ±Vrefa-lli.1JT00 

[0050] *fc, ::_0)£~fflJ±?)j20f'±, !J.:::. 7v:¥ ;:r. v-:$7300) lli.1JfflJ±Vreg7JiE)rJEV""/v 

J::IJ~<tt".\ £~fflJ±Vref7JiEJTJEO)fflJ±{i!lVpdtr:~0c!::, r71/V7-?'Ql07Ji;t'1/ 

L--C, fflvtticl07Jivtt:h00 ::.O)t~, ::fJv1/J-.~7-§l~a-ffliffltT0r-71/V7-?'Ql L 

Q12f'±, r71/V7-?'QlOKm&:h0fflvttic1m;:r.tct-::fflm&IclO' a-1:ffltt"00 fflm&Ic 

10' 7JimmR7tr:m&:h0c!::fflJ±~ r7J~~1:t"0t-::bb, --=c--Fffi!J~fi%MODEf';;]:p­

V""/vc1:::ft00 
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[0051] !J=. 7v=¥.:r.v-?'300) 1±\f,/fflEEVregiJ~BffEv~Jv J:: l'.),m:;1,, ,iJ~, *fd'i£~fflEE 

7)ffi20iJi:t'7~~0)t~f'j:, r71/~.A?'Ql0l'i:t"71Cft0-Cv'QfC&?, ffl¥>ftlcl01'i¥Jft 

tl.ftv'o L-tciJi0-C, :.O)t~, mmR71Cl'ifflEE~rl'i~4:L-ftv'tc&1J, .:,:--p'ffiU~ 

{i %MODEl:tfflW:! fflEEVbatt~L-<ftl?, /--.,{v~Jv tftQo 

[0052] ;:O)J::ij IC, £~fflEE7Jh:20l'i, § t::>iJi4:}3Jt-tQ£~fflEEVrefiJiijrfEO)ffiJ±fit[Vpd 

IC~Qt, BTfEV~Jv ( P-v~Jv) tftQ.::i:--Fffi!J~{i i}MODEa-/±11,/TQo * 

tc, J:~O)J::ijlC, ;:O).::i:--FffiU~{i%MODEl'i, !.k=.Yv=¥.:r.v-?'30ICl±\1,/ttt, 

-Cv 'Qo L-tciJi0-C, !J=: 7v=¥.:r.v--?'30l'i, £~fflEE7Jh:20il~t::>l±lnttt,Q.::i:---FffiU 

~fi%MODEi.liF,frfEv~Jv(P-v~Jv) tftQt, 't'ftt>'l:>, £~fflEEVrefi.,iijr 

fEfltft-'6t, v=¥.:r.v-Ys:Y-'=E--p'lc~fi-tQ:.bcftQo 

[0053] .12).J:O)J::ij lc:tfpJtttl,tcU~ii:l00O)j!Jf/j:!IU:::>v ,-cmOOTQo ~5 (a), (b) Ii, 

*~:»m0)%~ IC ~Q U~ii: 1000)/8lj/J ~~J::V*}Ej/Jf/j:!~O)?' .-{ .A '7~-r -C-;i;; 

Qo ~5 (aH:t, fflW:!fflEEVbat, !J=:7v=¥.:r.v-?'300)1±\f,/fflJ±Vreg, £~fflEE7Jh: 

200)1±\1,/-C-;i;JQ£~fflEEVrefa-~To *fc, ~5 (b) f'i, .::i:--Ff1I!l~{i%MODEa­

~To ~5 (a), (b) ~J::0~~0)~6 (a),...., (c) IC~l,, ,-c, m000)0011i{tO)fc&1Jlc, 

~ilil!J~J::Vffi!lil!Jl:tJii'.§:it:k*tcl:t~,J\L--C~TtO)tTQo *fc, 45-fflEE~%1c--:> 

1,,,-ct, mooO)'fm~,ftO)fc&?IC, ~~O)ffiJ±~%tAft0-C~tti,Qffl-g-i}i;i;;Qo 

[0054] ~~JtOIC, U~ii:l00a-ffl:i!GTQffl+~~300i.li:t':YL-, fflW:!fflEEVbati>~~ 

rJel, ttt ICfti:>J:iJiQO 181i!JW:~ IC~l,, '-Cl'i, .::i:--Fffill~{i %MODEl'iP-v~Jv 

-C-;i;;I?, !J=: 7v=¥.:r.v-?'30l'iv=¥.:r. v-Ys:Y.::i:--Ftft0-Cv 'Qi>~, ~-tt11jli~3 

2iJi:t"7L--C~I'.), *fc£~fflEEVrefi.l~0V-C-;i;;Qfc&1J, -t:"0)1±\f,/fflJ±Vregl'i0Vtft 

"? -Cv 'Qo 

[0055] ~~Jt0,....,tlO):WjfML £~fflEE7Jh:200)ffl;¥Jftlcl0' l'i¥Jfttl,i\ mmR71cffl;EE~r 

iJi~4:L-ftv'tc&1J, .::i:--Fffill~fi%MODEt, '~Wl'~EEVbattfifi~L-<ftl?, ~ 

rJetitttlcJ:ffe/-L--Cv'<o ~~JtHc, -'=l:--p'ffiU~fi%MODEO)ffl;J±fli>~, !J;::7v=¥ 

.:r.Y-?'300);.:i.,{o/'TSWla-:t":YTQffl}±VtJ::l'.J:k~<ttQt, -tttt>-f::>/--.,{v~Jvt 

ft-'6t, /~,{ /~;;i:..::i:--Ftftl'.J, Vbat=;:VregtftQo 

[0056] ~~!)tl.12).~, £~fflEE7Jh:200)Jilm-=f-221Cl'i, !J=:7vS¥.:r.v-?'30i>~t::>, fflW:!fflEE 
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VbaHrJif£~L,1,, 'lli.1JfflJ±Vreg7J~FIJ;:/JO~tl,Qo 1:-.tr., -=E--P'iriU1lillfflJ±MODEO)ffl 

EEfii!1Ji, fflll!1fflEEVbatf('.:c:tftv ,J:#L-tv '<o £$fflEE7J!200)fr/m-=f221('.:FIJ;:/JO~ 

tl,Q!].:::.7v::¥ :::z.v-?7300)tl:\jJfflJ±Vreg ( =Vbat) t,,~m'.iEv-"JvVthf('.:;ilTQC:, 

£$ffiJ±rJ!20l'i✓-!-Y:il(~c:ftl?, £$'1:EEVref7J~ffl'.iEfl 1. 2V) lc*JE{~~tt, 

."5o £$fflEE7J!207J~✓-rY:il(~c:ft."5c:, r7Y~7'?7Ql07J~✓-rYL-, -=E--FfuU1lillfi %M 

ODEf'iP-v-"Jvc:ftQ0 

[0057] ~~Jt2lc-=E--P'fffU1lillfi%MODE7J~P-v-"Jvc:ft."5c:, .A'1o/TSW17J~✓-r7T."5 

tr.'M>, !J.:::.7v::¥:::z.v-?730li, v::¥:::z.v-1/sY-=E--FIL~lTT."5o ~~Ut2W.~, !J.:::. 

7v::¥:::z.v-?7300)tl:\jJffiJ±Vregl'i, VrefX (1 +R2/Rl)-C-4;;z}:>:h,Qffl;}±fffc 

*JE{~~:(l,Qo 

[0058] ~6 (a),..,_, (c) l'i, *~1Jm0)%~1c~Qffl;r)j~tftl000)n!glJJ~t5J::tJ*JE1bf1:~ 

0)?1-{ A '1--'f'- r-C-ibl'.J, fflli!1 ffiEEVbatt,,~-JE:a:1litJEL-tdl·~0)?7-{ A '1--'f'- r -C-ib."5 

0 

[0059] ~~JtOlc, -{ .:f-71vfi%ENt,,t,.._-{v-"Jvc:ftl'.J, 7'-1o/'rSW27J~✓-rYTQ0 il!ftlb 

TI[~ lct5v "-C, -=E--Fffi!J~fi%MODEf'i/"-1v-"Jvc:ftl'.J, £$fflEE7J!20fi/~-{ /~ 

.7--=E--Fc: L tlbf1:T."5o 9.:::. 7v::¥:::z.v-?7307J~/~-{ /~.7--=E--Fc:L tlbf'FTQC:~, 

r7Y~.7-?7Tr2f'i7 Jv✓-!-YL-, fflli!1ir"br7Y~.7-?'Tr2:a:1t-L --C/~-{ /~.7-q:--'f'/~1/?'C 

2lcffl»ft;,j~»fttl,~Ji., ib."5~JE~:a:t--::>t!J.:::.7v::\r:::z.V-?7300)tl:\jJfflJ±Vreg7J~ 

J:#TQo 

[0060] !J.:=:.7v::¥:::z.v-?7300)tl:\jJfflEEVregO)J:#lcc:tftv', £~fflEE7J!207J~lbf1::a: 

lfflAATQo -cO)~*' ~~Utl lc£$fflEEVref7J~fflJEO)fflJ±ffVpdlc:ilL-, -=E--Fffi!J 

~fi%MODE7J~/"\-{V-"/ViO~bP-v-"Jv.,...__c:~~T."5o ~~UtlW.~, !J.:::.7v::¥ 

:::z. v-?730liv::¥ :::z. v-1/sY-=E--P'fc~ff L-, £$fflJ±Vreflc£01,, ,tr. fflEE:1:,15,lt 

=a:1T?o 

[0061] *~1Jm0)%~f;:~."5fflr},i}t~tftlOOfCJ::tl,fj:_ £~fflEEVref=a:1:Jvtt"."5£$ffl;Ef 

Wit200)~1Jj:a:,-, -c0)£~fflEEVreflctc:""5~ffiEE*JE {~TQ !J.:::. 7v::¥ :::z. v-?130 

0) lli.1JfflEEVregc:L---Cv 'Qo -cO)~*' 7'-1o/'rY:1/v::¥ :::z. v-?1f;:t51,, ,--c~:1:T."5 

7--1 o/TY~'J-{:;i:.'t,,~, fflli!1 ffl;J±Vbatle'.m.~~tt,tdi~lc:}-51,, ,-ct, J ,{:;i:.'pjt:$3-0)1]', 
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tft*~L,tc£~fflJ.±Vreft.i::-1:ffltT9::}::;o~--e~, tblc.!J.::::.7v:¥:::z.v-::$'300)1:1i 

}JfflJ.±Vreg1i:b*~{tT9::_t;o~"f~Qo 

[0062] 'it.::, *~1J'm0)%@li'.:.~9fflr)j~fftlOOli'.:.;t31,,\'(f'j:, !).::::.7v:¥:::z.v-::$'307,i:, v 

::¥:::z.v-vs::.,,,"t"-Ft, .1-::-1 .1-::.A"t"-Ft, t.i:'WJV~x. iiJ"m3li:1iffltT9o tbfc., !J.::::7 

v:¥ :::z. v-::$' 30fi, £~fflJ.±7Jffi20 li'.:.J:: V 1:'3.lttn,9£~fflJ.±Vref ;o~F,)r~ O)fflJ.±{jV 

pd fi'.:.~TQ 'i"fO)M ri!'I, .1-::,1.1-::.A"t"-F"fl/JfpL,, £~fflJ.±Vref ;o~F,)r~O)fflJ.±1i«V 

pdt.i::-J::tfil9t, v::¥.::z. v-Va1/"t"-F--em/J1'1::T9o ::.n,ti'.:.J::--::,--C, ~m/J~fc.;to1,, ,--c, 

£~fflJ.±Vref;o~F,)r~O)fflJ.±1i«V pdJ::~-fil:1,, ,t~ fi'.:.11, !).:::: 7v=¥ :::z. v-::$' 30;o~ffl?& 

fflJ.±Vbatt.i::--tO)'i'il:l:lJJT9tc~, £~fflffrlii20tc.f-;t, 'l:?&'l:J.±Vbat;o~~*fitn, 

9o £~fflJ.±Vref;o~F,)r~O)fflJ.±,fjVpdt.i::-~x.9t, £~fflffrlii20fi'.:.f-;t, Ufflfft 

L, --C!J.::::.7v::¥:::z.v-::$'3Qfi'.:.J::V*~{ttntcfflJ.±Vreg;o~~~tn,90 :tO)~*' £ 

~fflff rbi20~tf fflrlii~il: 1 OOt.i::-M-3.l tc.~ml.JT 9::_ t ;o~"f~ 9o 

[0063J 'it.::, !J.::::.7v=¥:::z.v-::$'30tc., .A-1o/'f-SW1t.i::"~ft, .1-::-11-::.A"t"-r'~tc.;to1,, ,--c, 

A-1 o/'rtfil~t.i::-ffl1,,''t"F.71/~.A::$'Tr2t.i::"71v;t::.,,,t.:it9::.t1c.J::V, !J.::::. 7v::¥ :::z. v-::$' 

3Q;o:.b, AhfflJ.±"fcb9ffl?{!1fflJ.±Vbatt.i::--tO)'i'il:l:l)JT9;:.t;o~--e~Qo 

[0064] 'it.::, *~1J'm0)%@tc.;to1,, ,--c, £~fflffrlii20f1, 13 bi6~1:ffltT9£~fflJ.±Vrefn~ 

F,)r~O)fflJ.±{jVpdli'.:.~TQt, F,)r~V~Jv(P-V~Jv) tft9"t"-FflilJ~1t%MO 

DEt.i:l±lhT9o !J.::::7v::¥.:z.v-::$'3011, £~fflffrlii20n:.bl:l:l)Jtn,9-=E----Fi#U~ 

{t%MODEli'.:.tb-:5~, v::¥:::z.v-vs::.,,,-::i.:--F, .1-::,1.1-::.A-::i.:--F~V~x.90 :tO) 

~*' !).::::.7v:3f:::z.v-::$'30f1, £~fflJ.±Vrefn~BT~1iil(l. 2V) li'.:.~9fiJfi'.:.l'J:, 

.1-::,1 .1-::.A-::i.:--Ft L, --Cffl?&fflJ.±Vbat:a:-:tO)'i'il:l:l)JL,, F,)r~O)fflJ.±,fjVpdli'.:.~L-tc 

1&11, v::¥:::z.v-vs::.,,,-::i.:--Ffc.~frL---c, *~L,t.::£~'1:J±Vreflc.tt--:51,, ,--c, ffl 

?&fflJ.±Vbat:a:-*~1tTQ::.tn~"f~90 

[0065] J::1m~1J'm0)%@11-Wtl~"fcb~, :tn,b0)45-;fipjtJg'%~45-~J:!l!:1'Pt.AO)*Jlititli'.:. 

v'ov'oti~%-Wtln~iiJ"m3ft::.t, 'itc:t5L-tc~%-Wtlt*5BWlO)tBlffllc.cb9::.t11~ 

~::\!f li'.:.J:!l!~t tl,Q t ::.0 "f ,YJQO 

[0066] ~1J'm0)%@"fl1, £~fflEErlii20:tdJ::V!J.:::: 7v::¥ :::z. v-::$'30:a:, r-71/.A:a:;-ffl 1,, \tc 

!tEf~O).A-1 o/'f-::.,,,-!fv:¥ .:z.v-::$T:a:1rm x_9 U~uttc.J.ifflT9fflitlc. "".) 1,, ,--cJmWl 
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L-tciJ~::.t1Ar!'J:~IJE~:t1fi1,, \o tct.~:J!, A-1 o/':T1/::1'v:¥ .::z. v-::$i'!'J:-11/¥ :7 ?1a-ffl 1,, \ 

G#ffiH-C~0 --ctJ::1,, \ L-, ~Q 1,, \!'J:~EEJt ~~EEmJ-C~0-ctJ::1,, \0 ~ t>tr, ;i:, 

-1o/':1-1/:1/v::¥.::z.v-::$i'tOlf.:t--c, ':1-1'-V~1/7"@~tti!-::O)A-1o/':1-1/:7'U-C~0 

--CtJ::1,,\0 

[0067] ~~0)%@tr;to1,, \--C, ~3-C~.l~J:Jl..,tc!J~ 7v:¥.::z. v-::$i'300)1'Jµ,x;!'j:-fftltct'e?'T 

, ~*~'*t,fJf~:i:.tO)!J~7v:¥.::z.v-::$i':a""ffiv\G::_tiJ~'"C~Go ~3-C!'J:, A-1o/':1-SW1 

a-r71/VA::$i'Tr20)-1/- rbli:1.1!!FJ.l tr~~t, r71/V.7,::$i'Tr2a-7 1v:?.t'1/~-lt G::.t trJ:: 

V, .1~-{ -'~A.::C-Fa-~mL-tciJ~, ::.:titr~IJE~:hG::.t!'J:ft<, r71/VA::$i'Tr2a-7 Jv 

:?.t'1/~-lt GA-1 o/'TIID~-C~:tl,!'!, ft!!,(1)@1~%:i:t-C~0 --CtJ::1,, \o ~t>tr, ~ 3-Cf'J:, 

.1~-{ .1~.A.::C-Ftr;to1,, \--C, r71/VA::$i'Tr2§{;$:a-71v:?.t'1/~-lt--C1".1JffiEE-C~Gffirtl1 

fflEEVbata--tO)**llihTGffJJffltt L-tciJ~, ::.:ntr!'J:~IJE~:h-f, .1~-1 -'~A-,:--Ftr 

:t31,, \--C7 JV'-f'/'TQ.1~-{ .1~.7,ffl 0) r71/VA:?1a", r71/V.7,::$i'Tr2t~:)71J tr~~t-ctJ:: 

[0068] *tc, ~4-emOOL-k£$fflEE~200)1'Jffltf-j:-f91Hr-tg'-f, ~*~'*tt%:i:.t0).1~::,,, 

F::¥1'o/7v::¥ .::z. v-::$i'IID~~O)JE'.fflEE~a-ffl 1,, \G::.tiJ~-C~ Go 

[0069] ~~0)%@-Cf'J:, !J~7v:¥.::z.v-::$i'300)v:¥.::z.v-1/s1/-,:--r\ .1~-1 .1~;i:,-,:--F 

a-"WJV~;lQ-,:--F$JJ~ft%MODEa-, £$fflEE~20tr:tov\--C1:.ffltTGtitr--:> 

v \--cmOOL-tciJ~, ::.:ti,tr!'J:~IJE~:hftv \o -,:--F$JJ~ft%MODE!'J:, ft!!,0)@1~::io 

o/:7!C:tdv \--CBIJ:®s1:.ffltL, --CtJ::v \o 

[0070] ~~0)%@-C!'J:, fliJJ~IID~ 110a-1--:>0)~~f;$:£thtJ:tr-f;$:~ffi1~TGtitr 

--:>v \--cmOOL-tciJ~, ::.:ti,trf'J:~IJE~:h-f, -t0)-$a-':1-o/7"$Jb~-r-__,.;i:,:7!J-r~ 

-f-a-fflv \--CffJJJ.vGL---ctJ::1,, \L,, ~Qv\fifl~(l)~~-(;$:£1./iJ:tr~ffH~L---ctJ::1,, \0 ::. 

:tl,t>O) !ID ~ffJJ!vt l'J:, !ID~ tr ~>f<~:hGf±~ tri;t;r:.--c ~E~ITTT:hl'! J:: 1,, \ o 

[0071] ~~0)%@-Cfflv\tcr71/V;i:,::$i'fi, .1~-{~-7r71/VA::$i', MOSFETO)nf~iJ~ 

1:iJ'm3"e~G::.t f'j:1,, \5 *-et ti<, ~ t> trNPNmJtPNP~t ~Q 1,, \f'J:N':Ti"::,,, *'v tP 

T1' 1/ *'vO)nf~t 1:iJm§"e~Go 

[0072] *~OOl'J:, ~~0)%~-emOOL-tcU~ffltO)ft!!,frt, £$fflEE~20:toJ::V!J~7 

v::¥.::z.v-::$i'30a-fim.:tG~*~'*tt~~f;$:~uitrffl1,,\G::.tiJ~-C~Go ::.O)ti, *~ 
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ijl:}f';t, .12rrO)~~c:L, -Cfflffi!-tQ::)::il~-C:~Qo i"ft;b'l:>, ::.O)~~f~:t-n, ,-c' ~~f;fi: 

~fflJj:, m'.Ki:: 0)£~fflEEa-1::Jvti" Q£~fflEE~c:, £~fflEE~ !~ct I? 1::'3:t~ti,Q£ 

~fflEEf~tc:--:5~, .7'.iJfflEEVina-~'.Ki::1~TQ!J:::.7v~::z.v-:?"c:, a--OmitQo ~t>I~ 

, !J:::.7v~::z.v~:?"O)/:l:ijJfflEEl-j;, £~fflEE~O)'UfflEEc:L-C~~~ti,Qo 

[0073] ::.O)~~IC}3v'-Ct, J:~0)~1ifJ!O)%~-c:moo1...,t;:.tO)c:f\lJ~I~, /-{A'Jvt,ta-~ 

~Lt:.£~fflEEa-1=:'3:ti"Q::.t:il~-C:~Qo t:.c:;z_fj:_ ::.O)~~O)~~f;fi:~fit!j:, /-{A' 

il~~1::TQ[fil~l~3(f@f~fY!ffli"Q::.t:il~-c:~, t:.c:itl·;'l:_ -:i:--:?"F7-1' /.;;;[fil~ft~:a-~ 

/j Q::.C:iJ~-C:~ Qo 

[0074] ~1ifl!O)%~f~tc:--:5~, *:3EOOa-mOOLt:.il~, ~1ifl!O)%~fj:, *:3E000)1JiiJ!I!, Jtffl 

:a-~L -Cv'Qf~T~i\ ~1ifl!O)%~f~!j:, ffi>JtO)ffmlffll~n1'.Ki::~nt:.*~000),W,~:a, 

lttJm.Lftv 'ffmlffi f~:tov ,-c, ~< 0)~%f7U~i!filfitO)~~t,ti:iJ"m3-C:iliJQo 

ji~J:: O)f lj ffl t=iJiru1
~ 

[0075] *:3£00 !j:, ffl-=ftfil~l~flJffli"Q::.t:il~-C:~Qo 
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mi~ Cl) f(g lffl 
[l] ,1-tf13;o:,.G4, x. G;M,G Ah fflEE a-:tcJE {ti"" G.A-1 'YT 1/ :7" ffl;Wltc:, 

BTJE(l)£~fflEEa-1:]Jx;TG£~'i:EEWltc:, 

M'ftt!t~fflEEWJt f ;:.J: I? 1:]Jx;~ ;h,Q Mae.£~fflEE f ;:.t c:--:5~, Mae.Ah fflEE :a-:tc JE 

1~T G !J .::=. 7v:¥ ::i v-:$1 c:, 

a-'Vlix., 

Mae.!J.::=.7v:¥::iv-:$T(J)llihfflEEa-,MaBA-1--Y'-T1/:7"fflWJt(J)~~$~J:VMae. 

£~fflEEWi (/)UfflEEc: L--c ~~TG:'.:t:a-*1lc:T Q U~Mo 

[2] Mae.!J.:::7v:¥::iv-:$'f'±, Mae.£~ffl;£Ef;:.~Ct::.fflEEa-llihTGv:¥::iv-Vs1/ 

,:i:--Fc:, Mae.£~fflEEc:!'±~lffl~t;:., Mae.Ah'i:EEa--t(/)"£"£lliiJTG.1-::-{ .1~.A,:i:-
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1 

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 

15 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 

20 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 

25 DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

RM-70144WO 
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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 

5 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 

10 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 

15 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 

20 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. 

25 An output voltage of the linear regulator is supplied as a power 

supply voltage of a control circuit of the switching power supply 

RM-70144WO 
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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 

5 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 

10 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 

15 predetermined voltage value, and when the reference voltage 

exceeds the predetermined voltage 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 

20 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 

25 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 is started up in a 

5 pref erred 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 

10 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 

15 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 

20 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 

25 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 

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 

5 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. 

10 [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 

15 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 

20 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 

25 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 circuit may include a xenon tube which 

5 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 

10 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, 

15 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 

20 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 

25 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. 

10 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 

15 is installed; 

20 

Fig. 3 is a circuit diagram showing a configuration of a 

linear regulator of Fig. l; 

Fig. 4 is a circuit diagram showing a configuration of a 

reference voltage source of Fig. l; 

Figs. SA and SB 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. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] The invention will now be described based on pref erred 
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8 

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 

10 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. 

15 The battery 310 outputs a voltage of about 3 to 4 Vas 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 

20 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 

25 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 

5 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 

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 

15 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 4 0 and a switching 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

Cl. 

25 [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 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 

5 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 

10 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. 

15 

20 

[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 

25 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 Rl, a second resistor R2, and a 

5 switch SWl. 

[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 

10 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 

15 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 Rl 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 

20 operational amplifier 32 is given by Vout x Rl/ (Rl + 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 SWl is arranged between the gate of the 

2 5 transistor Tr2 and a ground potential terminal. The switch SWl 

is ON in the bypass mode, and is OFF in the regulation mode. In 
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the bypass mode, when the switch SWl 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 

5 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 

10 the switch SWl 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 

15 feedback voltage Vfb 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/Rl). 

[0042] At startup time of the power supply apparatus 100, 

the linear regulator 30 operates in the bypass mode, in a time 

20 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 

25 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 SWl is ON and the linear regulator 30 is set to the 

bypass mode, and when at a low level, the switch SWl is OFF and 

5 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 Ql to Q12, resistors R3 to R7, and a switch SW2. The 

10 transistors Ql, Q2, Q7, Q8, Q9, Qll, and Q12 are NPN bipolar 

transistors, and the transistors Q3, Q4, Q5, Q6, and Ql0 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 

15 20 outputs the reference voltage Vref at about 1.2 V, which is 

a target voltage, from an output terminal 26. 

[0044] The transistors Ql to Q4 and the resistor R3 form a 

general bias current source that uses a thermal voltage. That 

is, transistor pairs, the transistor Ql and the transistor Q2, 

20 and the transistor Q3 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 

25 transistor Q2 and ground. This type of circuit configuration is 

known as a self-bias circuit, and a constant current Ic4 flows 
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in the transistor Q4. 

[0045] The switch SW2 is arranged between an emitter of the 

transistors Q3 and Q4, and a terminal 22 to which the output voltage 

Vreg of the linear regulator 30 is applied. The switch SW2 is 

5 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 

10 voltage source 20 is OFF. The switch SW2 is arranged to provide 

low power, and if unnecessary may be omitted. 

[0046] The transistors Q4, Q5, 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 

15 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 QB. A 

resistor R6 is arranged between an emitter of the transistor QB 

20 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 

25 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 Ql0, Qll, Q12, and the resistor R7 

are provided in order to generate the mode control signal MODE. 

A base of the transistor Ql0 is connected to a collector of the 

5 transistor Q9, and an emitter is connected to a collector of the 

transistor Qll. Furthermore, an emitter of the transistor Ql0 

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 

10 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 Ql0 is equivalent to a transistor which 

turns ON when the reference voltage Vref reaches a predetermined 

voltage value Vpd (~ 1.2 V). 

15 

20 

[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 Ql0 is ON, and a current Icl0 flows. At this time, 

25 the transistors Qll 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 Ql0. 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 

5 30 is lower than a predetermined level, or the reference voltage 

source 20 is in an OFF state, since the transistor Ql0 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, 

10 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). 

15 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 

20 transitions to the regulation mode. 

[0053] An explanation will be given concerning operations 

of the power supply apparatus 100 configured as above. Figs. SA 

and SB are time charts of the power supply apparatus 100 according 

to the present embodiment at startup time and during stable 

25 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. SB shows a mode control signal MODE. In Figs. SA 

and SB, and in Figs. 6A to 6C described later, in order to make 

the explanation clear, vertical axes and horizontal axes are shown 

5 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 

10 power supply apparatus 100 is installed, is ON, and the battery 

voltage Vbat increase·s 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 

15 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 

20 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 SWl of the linear regulator 30 is ON, that is, 

has a high level, a bypass mode occurs and Vbat ~ Vreg. 

[0056] After time tl, the output voltage Vreg, approximately 

25 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 

5 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 Ql0 is ON, and the mode control 

signal MODE has a low level. 

10 

15 

[0057] At time t2, when the mode control signal MODE goes 

to a low level, since the switch SWl 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/Rl). 

[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 

20 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 

25 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 

5 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 

10 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 

15 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. 

20 [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 2 0 reaches the 

25 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, 

5 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 

10 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 

15 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 

20 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 

25 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 

the regulation mode, and stabilize the battery voltage Vbat, based 

on the stabilized reference voltage Vref. 

[0065] The abovementioned embodiments are examples, and a 

5 person skilled in the art will understand that various modified 

examples in combinations of various 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 

10 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 

15 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 

20 various types of linear regulator can be used. In Fig. 3, the 

switch SWl 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 

25 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 

5 to the transistor Tr2. 

10 

[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 

15 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 

20 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, 

25 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 

5 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 

10 stabilizes an input voltage Vin, based on the reference voltage 

generated by the reference voltage source. In addition, 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 

15 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. 

20 

25 

[0074] While the preferred embodiments of the present 

invention have been 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 

5 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 

10 source; wherein 

15 

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, 

20 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 

25 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 

5 output voltage of the linear regulator; 

10 

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. 

4. A power supply apparatus according to claim 3, wherein 

15 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. 

20 

5. 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 

25 voltage source becomes the predetermined level, the linear 

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 

5 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 

10 integrated on one semiconductor substrate. 

15 

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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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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n0fflmt,Cbt0~-1:-~ Ff'1U~fi3 %~1::.m<:T0tJ::v \0 

[0014] ;:.O)ffiif", !J.:::.7v::¥.:iv~!itfi, £~fflEEil~m'.AE{llnci¥-t-01riHcfi, /"-1 /~;:;<.-1:-

~Ftf~'JAJ:JfflEE~-tO)'¼:'¼:l:BJ:JL, mJEf@]Ci¥Ltc~Vi, v::¥.:iv~1/3:1/-1=-~F 

~;:~fiL -C, ~JELtc£~fflEE~Cbt---5v \-C, AJ:JfflEE~~JE{t-t-0=.til~-C-~00 

[0015] £~fflEEi»ltt, !J.:::.7v::¥.:iv~!i7 t, .A-1o/'r:1/:'.1'~0)f'3U~§J~t, ~1---::)0)*~ 

f$:£1lLI:::,c-{;$::ffifl{tL -CbJ::v\o r -f:.$::ffifl{tJ tfi, §J~O)ffli:Jt'<:~*O)T~-Cil~ 

*~f$:£fJzJ:: ~c* mt~n0ffiit~, §I ~O) ±~ffltmt~* ii~ -f$::ffiflf t~n0ffiif­

il~~'¼:n, §J~JE~O)i)fflffijffl ,c-:ff~O)ffi:m~::3f-.Y/~1/?1f~~il~*~{:.$:£1Jz0)~~ 

~c~~tGn -cv \-CbJ::v \0 

[ oo 16 J ;:;<.--{ o/T::,,, Y' ffli»lt fi, AJ:J fflEE ~*EE T 0 * EE~ 0) ;:;<.--{ o/T::,,, :7"v::¥ .:iv~ !it -C-&>0 

-CbJ::v \0 ;:_O)ffiif"' A-1o/T✓:7"*--r'C:t3v \-C361::.Ltc/--{A'iJ~, --{:1/,;/' :7?1~r-7:1/ 

;:;<.~frL-C, £~fflEEiJJlt~;:§J'J~tfiJ~, £~fflEEi»ltfi, ;:.O)/--{;(O)j&.~:jtj);t-C, 

~JELtc£~fflEE~1::.m<:-t-0=.tn~-C-~00 

coo11J *361:Y'10)5JrJO)mff1H1, ffl--rm~-c-&>00 ;:.O)ffl--rm~r1, ffltmt, $l~§J~t, m 
tmO)fflEE~AJ:JfflEEtL, =-n~*EEL-C$l~§J~,c#t*ii'T0J::~O)ffli)]t*ti:t, 

~-Om;t00 ;:.O)ffl--rm~ri, fflf~~~~G,c-Om;t -CbJ::v \o '¼:tc, $l~§J~fi, fflf~~ 

~CJ::0ffl~O)lfiHC77o/1/.:itL-Cibf~T0::3f-t/:1/7,:i~7~~/vt'bJ::v\o 

[0018] *361:Y'10)5JljO)m~ri, *~f$:*ti:'CMT00 ;:_O)*~f:.$:*ti:fi, ?JrJEO)£~fflEE 

~ 1::.Jt'<:T 0 £~fflEEi»lt t, £~fflEEi»lt ,cJ:: 'J 1::.Jt'<:~ n0 £~fflEE ~Cb t---5~, AJ:J ffl 

EE~~JE{t:T0!J.:::. 7v::¥.:iv~!it t, ~-Om;t00 *~f:.$:*ti:fi, !J.:::.7v::¥.:iv~!it0) 

tB 1J fflEE ~, £~fflEEi»lt O)ffli)]t fflEEt L -c #t~T 00 
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[0019] =-0)~~0)*~{;$:*ui~=.tov "-ch .. !);::. 'Tl/::¥.:iv~?7fj:,._ £~fflEE~=fittt::::.fflEE 

~/:HJ:rt-0v::¥.:iv~-s,,,3y-l:-~Ft, £~fflEEc:f'i~lil~~=, 7'.JJfflEE~-t<D~~ 

/:ti JJ T 0-'"'-1 / -{ ,A -l:-~ F C:' ii~ -go "J ff ;t 1=rJ ~ '= m fflGT 0 C: J:: V \ 0 y;::. 7 v:¥ ,:i V ~ ?" f j:' 

**~{**ui<DJl:aibP~'H=.tov "-C, 7'.JJfflEEil~?lrJE<DL~v "{iiifflEE,=i¥-t-0 ~"0<D 

WIF1c1i, ,,,,"-1 _,,,-{7--l:-~ F"0iJJ{1pL, 7'.JJfflEEil~L~v "{iiifflEE~ J::§16c:, v:¥ .:iv~-s,,,3 

Y -l:-~ F"0ib {1p'"t-0 J:: 5 ,=-t-0 c:J:: v "o 

coo20J tct.to, £J.J::<Dmfflt~*<Dff:!i<Diliit-tt~*Jeoo<Dmfflt~*~~m~, 7fll3:, * 

ui, -s,,,7-7 Afct~<DF1c1i"011=11U=ui~Lt::::.b<Db~t::::., *JeOO<D~~c:L -C~}j]"0&>00 

3613}] O)~j]:W-: 

[0021] *Jeoo,=~0ffliffi*ul.toJ::V*~f$:*wi'=J::nff', /-1A'(J)~-~f.f&~L, *IE 

Lt::::. fflEE ~ 1::.ffltT 0 =. c: ii~ "0~ 00 

~ Em 0) tin 1Jit~ IJl 13}] 

[0022] [!Zll]'.%:liiiI<D%~,=~0ffltffi*ui<Dmfflt~7T'T::f'oo/:71Zl"06?:>00 

[ IZI 2] IZI 1 <D ffliffi*ui ~ffl:t't Lt::::. ffi -Tffi~<Dm fflt~7I'T7 o o/ :7 IZI "0 &>00 

[IZl3]!Zll<D!J.:::.7v::¥.:iv~!i7<Dmfflt~7T'T§J~!Zl"0&>00 

[IZl4J IZI 1 <D£~fflEEiffi<Dmfflt~~T§J~!Zl"0&>00 

[IZI 5] IZI 5 ( a) , ( b) f'i, IZI 1 <Dffitffi*ul <D taib ~ .to J:: V* JEib {1p~<D ?7 -1' A -r-z~ r­
"0 &>00 

[IZl6]1Zl6 (a),,___, (c) f'i, IZI 1 <Dffiiffi*ui<DJl:aibP'B'.toJ::V*JEib{fp~<D?"-1' A-r-z~ r­
"0&>00 

3613}] ~~MlfT ~ tctiJ O)~ ~ 0)%Ji~ 

[0023] fJ. r' *JeOO~~:il~:tct'.%:liiiI<DW~~bc:,=!Zloo~~JfflLfctil~t)IDlOOT00 ~!Zloo,= 

~~;(l,01RJ-~td'i[PJ~(J)mfflt~*' tmtt, ~:E!IH=f'i, [Rj-(J)tlf%~1-tT0b<Dc:L 

, ffi1i:1R~Lt::::.1Jl00 f'i~~T00 ~t::::., '.%:liiiI<DW~f'i, JeOO~~HAET0b<D"0f'ifct< 

1rtl 7J'"0 &>0 -c,.. '.%:liiiI <DW ~ ,= ic~~ n0 -t-~-c <D!J~H~ ~-t <D1'm.:7f.it:b-tt f'i, ~, -r L 

bJeOO <D*Wl¥lfctb<D"0&>0c:f'i~Jtt)fctv "o 

coo24J !ZI 1 f'i,.. '.%:liiiI<DW~~=~0ffliffi*u11oo<Dmfflt~7T'T7Po/:71Zl"0&>00 1Z12f'i, 

IZI 1 <D ffliffi* u11 oo~m:• Lt::::. ffl-Tffi~3oo<Dmfflt~7I'T7" Po/ :7 IZI "0&>00 m -T 
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ffi~300f'i, jJ~7~ffl:~Lf;:J~1Wfflir!itrlm*~m~, ffi:lt!!310, im{§~J:i.~312, D 

SP (Digital Signal Processor) 314, ffl{~~316, 383/c*ti:200~{im:z-5o 

[0025] ffl:lt!!310f'i, tct:zfi'!J'T? A,1::-t-✓ffllt!!~m~, ffl--rffi~300<Dffi:~tL tfilt,tG 

n-5o ffl:lt!!310 f'i, ffllt!! ffi:EEVba tt L ---C 3,,___, 4 VffiOC <Dffi:EE ~ t±L1J T 00 DSP 314 f'i 

, ffl--rffi~300~f$:~~trSl¥HcffiUJ!IT-5:t'oo/:7~m~, im{§~:f!l!ft~312, ffl~ff~3 

16, 383/c*ti:200bJ~m~tl, ---Cv \00 im{§~J:i.if~312f'i, T✓TT, rWJJal~§J~fc( 

(!~~-- £!1:Hnut<Dim{§~f-r5:t'oo/:7~6b-5o fflf~~316f'i, CCD(Charge Co 

upled Device) +cMOSt✓-lffc((!<D1JiH~*ti:~m00 383/c*ti:200f'i, fflf~ff~ 

316~CJ::0fflf~<D~,=-- 77o/V.:::r.tL ---c fflv \Gn-53/6~~&)00 

[0026] 383/c*ut2oof'i, ffl~*t1:100, 383/c*--r212, 383/cffiUJ!l§1~214~1im:z00 38 

3/c*--r212tL ---Cf'i::¥-t/✓'T.:::r. ~7fc((!i)tffiv \Gt't,00 ~*ti:lOOf'i, 7'-4o/T✓ 

:7''v::¥ .:::r. v~3t~m0 ---C, ffllt!!31 OtPG{tt~~~tl,-5 ffllt!! ffl:EEVbat~*EEL, 383/6* 

--r212,c300VffiOC<D~l!Jffl:EEVout~~ili~T00 383/cffi!JJ!]§I~214f'i, 383/c*ti: 

2oo<D383/c<D37 -1~✓ :7"~ffiUJ!IT-5o 

[0027] DSP314f'i, .1~'!f~CJ::0fflf~<D37,1~✓:7''tfpJ~L ---C77o/:/.:::r.{§%FLASH~38 

3/cffiUJ!l§1~214,cML ---C lli1JT-5o 383/cffi!JJ!l§J~214f'i77o/V.:::r.{§ %FLASHilt 

]\.1J~n0t, 38.Yc*--r212~38*~i:t00 

[0028] ~ 1 ,c,tR:~, ffllt!!ffl:EEVbat~*EET0ffl~*ti:lOOfC"'Jv \---C!Jl~T0o -~*ti: 

lOOf'i, ffiUJ!l§J~ 110, r-7✓7-10, E:mtffl37"',1::,t-~ F12, tf:jjJq:--yr~V37CL /"-4 

/-{7-.q:--y /-{ V 37 C 2~!3"tf o 

[0029] ~ 1 ~=.:tov \---c, -~*ti:lOO<D7-.,1o/'7✓:7''ffilJJ!l~40, A-4o/T✓7"f'7✓1/A37Tr 

1, fc(G V::91,.f-t,t~n-5 r-7✓7-. 10, E:mtffl?"" ,1::,t-~ Fl 2, tf:jjJq:--y /-{V37C lilt?-.,1 o/ 

T✓:7''ffl~~~pjc;T-5o r-7✓7-.l O<D 1 lX{Jl.ll::::z,1 Jv<Dffiltr/m--r~Cf'i, }\.jJfflfEVint L 

---Cffllt!!ffl:EEVbatilt~jJlJ~n00 l lXfJI.IJ:::z,1 ;v<Dffi2fr/m--rf'i, ffiUJ!l§J~ 110<D7-.-1o/'T 

✓7"trlm--r 102bt~m~n-5o 'j:_fc, r-7✓7-.lO<D2lX{Jllj:::z,1 Jv<Dffiltrlm--r,cf'i, E:mtffl 

37"',1::,t-~ Fl2<D7 /~ Filt~m~h-- E:mtffl?"',1::,t-~ Fl 2<DjJ1/~ Ft~:tl:Htrlm--rr1c1i ,c 

f'illi1J::¥--y.?-{V37Clilt~m~n ---Cv \00 r-7✓7-.lO<D2lX{Jllj:::z,1 Jv<Dffi2tr/M--r~'i~:tl:H 

~n-5o 
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[0030] {X~C ... mU~@J~ 110(7)mfflG~C--'Jv \-C!Jll:Y'JTgo ffi!J~@J~ 1 lOfi ... A-1o/T✓;l'J--.7 

✓1/A?'Trl... A-1o/T✓:7"mU~tf~4mcn□ .:t-c ... £~fflEE7ffi20 ... !);::.71 .. df .:=z..v~?73 

0~-a' :7:1- ... UC:--'J(7)~~{*£t!zJ:JC-f;$:~fl1~~tL,tc~fruICc>mgo 

[0031] 7'-1o/T✓:1/r-7✓:/7-?'Trlfi ... NPN~(7)/~,1'~~7J--.7✓:/7-?'c>m".J ... 7'-1o/T✓ 

;t'J--7✓1/A?'Tr1(7):::zv;r ?'fi ... A-1o/T✓:7"fl#ti-r 102~:frL -Cr-7✓7-10(7)1 ?x{JIJJ::z-1' 

Jv~C*~~tt, ... x.~o/?'fi*:l:IH~tl, -Cv \g0 7'-1o/T✓:1/r-7✓:/7-?'TrHiMOSFET 

c>mJvGL -CbJ::v \o 

[0032] A-1o/T✓:1/mU~tf~40fi ... A-1o/T✓:7"f--7✓1/A?'Tr1(7)..--<~ 7-fflEE~mU~L -C ... 

-t(7)T✓T7~ffi!J~Tg0 A-1o/T✓:1/J--.7✓1/A?'Trl:V~T✓T7~M.f!".JJJ.&T::.c:~CJ:: 

".J ... r-7✓7-10(7) 1 ?x{JllJ ... 2?x{JIJJ::z,1' 1v,c:3t]i,cfflmt:6~mttl, ... tfjjJ:;\=--y /~1/?'Cl:6~3'E 

ffl~tl,go tf::ijJ:;\=--y/~1/?'CliPGfi ... 51-.~:v~G-g..:z.Gntc}\.jJfflJ.±Vin~*EEL-C1~ 

Gtt,g tH jJ fflEEV out :6~ tB jJ ~ ,rt,go 

[0033] £~fflEE7ffi20fi ... /~✓F~-\"o/7°!J77V✓A@J~c>m0-C ... fflJE(7)£~fflEEVref 

~1::.JvGTgo £~fflEE1ffi2mcf-;t5'f..~;o~GAJ:J~tt,g,1'*~7";vf§%EN:6~ ... -1*~ 

7 Jvfl#ti-r108~1rL-C}\.jJ~tt, -CbJ::v \0 -1*~7 Jv{§%ENf';t ... ffl7ffi~ul100(7)JEQ 

tbc:c:b~C/,,,{v..--<1vc:f~go -1*~7 iv{§ %EN:6~/,,,{v.r<;v(7)c:~ ... £~fflEE7ffi20 

,-;t;t✓L ... fflJE(7)£~fflEEVref~1::.JvGTgo 

[0034] !J;::.7v~.:=z..v~313mc,-;t.., ffl7ffifr#ti-r104~:1rL-C ... A1JfflEEc>mgffl1lf!fflEEVba 

t ;6~ }\.jJ ~ ti, -Cv \go !J;::. 7v~ .:=z.. v ~313m-;t ... £~fflEE1ffi2mc J:: ".J 1::.JvG~ ,rt,g £~ 

fflEEVreflCbc:---5~ ... }\.jJfflJ.±c>mgffl1lf!fflEEVbat~~JE1~L -CtHJJTgo !J;::.7 

v~ .:=z.. v~3130(7) tHJJfl#ti-r,-;t ... fl#ti-r 106 ~;:*~~ntc/~-1 /~7-::\=--y /~1/?'C2~:1rL 

-C*:l:IH~,rt,go 

[0035] ~~TgJ::'5~c ... !J;::.Yv~.:=z..v~3130,-;t ... £~fflEE1ffi20:o~GtBJ:J~tt,g£~fflEE 

Vreflcf;tCtcfflEE~tBJ:JTgl/~.:=z..v~1/3✓--=E-~Fc: ... £~fflEEVrefc:f-;t~M~,c 

... ffl11f! fflEEVba t~-t(7) ** tH JJ T g/~-1 /~7- --=c~ F c: ... :6~-gJJ ".J ff ;t t=iJfjl§ ~cmJvG~,rt,g 

o !J;::. 7v~ .:=z.. v~ 3130(7) 2--'J(7)--=E-~ F f-;t... £~fflEE7ffi 20:0 ~G tH 1J ~ tt,g--=c-~ FmU~ 

1§ % MODE ,cJ:: 0 -C-g})".Jff ;t G,rt,go 

[0036] ::_(7)ffiU~@J~11mc.tov\-C ... !J;::.7v~.:=z..v~3130(7)tf::ijJfflJ.±Vregf-;t ... 7--1o/T✓ 

Page 135 of 301



WO 2007/066583 7 PCT/JP2006/324029 

Y-' fflWR 0) 7--1 --YT:,,,, Y-'ffiUJ!l!f~40 :to J:: V£~fflJ±WR 200)~ fflJ± t Lt tttit~ n-'5o 

[ 003 7] ~ 3 fi, ~:nm 0) % ~ ,c ~-'5 9;::. 71, .. df .=z.. v~3' 300):m:.Bx:~7'f'T@J ~ ~ -C-;b-'5o 9;::. 7 

v~.=z..v~3'30fi, f'7✓1/7'?'Tr2, ~-mrjil~32, ffili~mRl, ffi2mmR2, 7--1 

o/TSWl~-afio 

[0038] f'7✓1/7'?'Tr2fi, Py-y:,,,, ;;t-1vMOSFET-C-;b".J, -t0)1/~ 7-il~ffltt!J.fflJ±VbatO) 

l::Pno~n tv '0A1Jftfffi--r34 ,c~m~n-'5o 9;::. 7v~ .=z.. v~3'300) A1Jftfffi--r34 ri, 

ffilJJl]@J~llOO)ffiWRftfffi--rl04t~m~n-'5o ~-mrjil~320),Bt~]\.1Jftfffi--r,cfi, 

£~fflJ±WR20iPGtl:11J~n-'5£~fflJ±Vrefil~A1J~n, -t0)/::l::i1Jftfffi--rri, f'7✓1/ 

7'?'Tr20)ffiUJ!lftfffi--r-C-;b,'5,1/~Hc~m~n-'5o f'7✓1/A?'Tr20)Fv-1✓,'i, 9;::.7 

v~.=z..v~3'300)/::l::i1Jftlffi--r36,ct§ ~ L, /::l::iJJftfffi--r36 ~cffl,n,'5/::1::ijJfflJ±Vregri, ffi 

1mmRl, ffi2mmR2,cJ::0--C:$tJ±~n, ~-mrjil~320)ip,&~}\.jJftfffi--r,c1m~ 

~n-'5o ~-mrjil~320)*F,Bt~}\.jJftfffi--r,c1ffl~~n-'5fflJ±f'i, Vout X Rl/ (Rl 

+ R2)-C--g.;:tGn, =-O)fflJ±~1i~fflJ±Vfbtv '?o f,t:t3, tl::iJJftfffi--r36fi, ffiUJ!l@I~ 

l lOO)ftfffi--r 106t~m~n-'5o 

[0039] A-1o/TSW1 ,'i, f'7✓1/A?'Tr20),1/~ l--t~:tt!!ffl{ftftfffi--rrFI, ,c~,tGn-'5o =-0)7'-1 

o/TSWH'i, /~-1 /~7'-':f:-~F,c:tov ,--c;t:,,,,, V~.=z..v~:,;-3:,,,,-1:-~F,c:tov '--CT7T-'5 

0 /~-1 /~7'-':f:-~ F,c:tov ,--c' A-1o/TSWlil~T✓T-'5t, f'7✓1/A?'Tr20),1/~}--i)~~ 

:tf!!ffl{ft {i"ili:~-C-illffiU a"J ,c ~ rT-'5 k .. th, r-7 ✓1/ 7-?'Tr2il~5iffiUa"J ,c 7 1v;t:,,,,T 00 

[0040] /~-1 /~7'-':f:-~ F,c:tov ,--c, f'7✓1/A?'Tr2il~7 /VT✓T-'5t, Fv-1:,,,,y~ ArFl,O)ffi 

{ftmn~iF1t,c1J-,~<f,t00 .:CO)~*- !J;::.7v~.=z..v~3'30il~G,'i, tf::ijJfflJ±Vregt 

L --C, }\.jJfflJ±Vbatil~-tO)~~tf::ijJ~n-'5o 

[0041] ---JJ, A-1o/TSWlil~T7T0V~.=z..v~:,;-3:,,,,-1:-~F,c:tov ,--c,'i, f'7✓1/A?'Tr2 

0),1/~}--fflfft,'i, ~-mrjil~32,cJ::0--CffiUJ!l~n00 V~.=z..v~:,;-3:,,,,-1:-~F,c:rov' 

t, ~-mrjil~32f'i, £~fflJ±Vreft, 1i~fflJ±Vfbil~-¥fcT-'5J::5 ~;:, -tO)tf::ijJ 

-C-;b-'5~mfflJ±Verr, Tf,t;b1:) f'7✓1/A?'Tr20),1/~ l--ffl{ft~iJM1mT-'5o .:CO)~* 

, !J;::.7v~.=z..v~3'300)/::l::ijJfflJ±Vregf'i, Vref X (1 + R2/Rl)-C--g.;:tGn-'5ffl 

EE fiB] c ft.: IE 1r: ~ n-'5o 

[0042] =-O)!J;::.7v~.=z..v~3'30,'i, fflWR~uilOOO)JEQiJ]~~;::}olt ,--c, £~fflJ±Vrefil~ 
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mJE <DfflfEflf[V pd ,;:::1¥T 0 ~-c-<Dm F1=1i ... /"-4 /~7'-l:-~ F-C-ib f"PL ... £~fflEEVref n~ 

mJE<DfflfEflf[Vpd~J::@10.!::, v::¥=r.v~V3:1/-l:-~F-c-ibf"PT00 £~fflEEVref.!:: 

J::t~~:h,0~~ijrJE<DfflfEflf[Vpdfi, £~fflEEVref<D § tJflf[ (iii'ml. 2VffiOC-C-Jb 

,5) {~lli,=~YET0<Dn~~~Lv \0 A-4o/'TSWl<D.:;r:1/.:;r7fi ... £~fflEEimi:20tJ:,.Gtf:1 

jJ~:h,,5-l:-~ Fffi!J1i!lf§ %MODE,;::J:0-CmU1i!J~:h,00 !J_:::.7v::¥=r.v~530fi, -1:-~ 

FmU1i!J{§ %MODEia~/,--{v~Jv<D.!::~7'-1'o/'TSWln~.:;r:1/L -C /"-4 /~7'-l:-~ F,;::~ 

JE~:h, ... o~v~Jv<D.!::~A-4o/'TSWln~.:t-7L -Cv:¥=1.v~V3:1/-l:-~ F,=~JE~:h, 

0o 

coo43J ~4rx ... *~1ni!<D%~,=~0£~fflEErmt2o<DmJ1x:~~r@J~~-c-6b00 £~fflEE 

i)]i:20fi, }--7:1/'S/7'5Ql ,---.,.Q12, mmR3,.___.R 7, A-4o/'TSW2, ~1Jm~00 }--7:1/'S/7' 

5Ql, Q2, Q7 ... Q8, Q9, Ql 1, Q12fi, NPN~/{-4~~7}--7:1/'S/7'5-C-Jb~ ... }--7 

:1/'S/7'5Q3, Q4, Q5, Q6, QlOri, PNP~/{-4~~7}--7:1/'S/7'5-C-Jb00 ftlffi--r22 

~;::f;t, !J _:::. Yv::¥ =i.v~530<D tf:1jJfflfEVregn~AJJ~:h, ... ftlffi--r24,:::f'i ... ffl1lf!fflEEV 

batn~l=PJJO~:h,00 £~fflEErmt20,'i ... tBJJftlffi--r26il"G § ~flf[-C-Jb0 l. 2VffiOC<D£ 

~fflfEVref~ tf:1JJT 0o 

[0044] }--7:1/'S/7'5Q 1,---.,.Q4:-BJ:VmmR3f'i ... -~a"Jt~~-EE~ fflv \f~/"-4/A fflmEWA 

~mJ1x:T00 -rt~b~ ... J--7:1/'S/7'5Ql:-BJ:Vl--7:1/'S/7'5Q2, J--7:1/'S/7'5Q3:-BJ:V 

J--7:1/-S:7'5Q4<Dl--7:1/'S/7'5~7f'i ... -tn-t':h,7Jv:1/J--~7~@J~~mJ1x:-r00 J--7:1/ 

-S:7'5Ql<D:::rv:75 .!:: ... J--7:1/'S/7'5Q3<D:::zv:75f'i1Lv \,=ti€~~tt, ... J--7:1/'S/7'5Q2.!:: 

}--7:1/'S/7'5Q4<D:::zv;75f'i1Lv \,;::ti€~~:h,00 mmR3f'i, }--7:1/'S/7'5Q2<D:r.~o/5 

.!::ti€:llBF1=1i,=~ttGn00 =..5Ltc@J~mJ1x:f'i ... § e,/{,1'77'@1~.!::L -c:mGn ... J--7:1/'S/ 

7'5Q4,=f'i ... JEfflmEic4n~mEn00 

[0045] A-4 o/'TSW2f'i ... }--7:1/'S/7'5Q3, Q4<DX.~o/5 .!:: ... !]_:::. Yv:¥ =i.v~530<D tf:1jJffl 

EEVregn~l=PJJO~:h,0ftlffi--r22<DF1=1i ~=~ttG:h,00 7'-1'o/'TSW2,'iP'T-z:1/*JvMOS 

FET-C-Jb0-C ... ,1/~ H;::f'j:~;,r-L,f~v \;9}.if~@J~tJ:,.G<D-1'*~7 Jv{§ %ENia~,AjJ~:h, 

0o A-4o/'TSW2n~.::r:1/T0.!:: ... £~fflEEimi:20f'i.::r:1/L, £~fflEEVref~:1:.J1x:T0o 

A-1'o/'1-sw2n~.:t-7-r0t@J~<DfflmEH~n~~Wr~n ... £~fflEErmt20,'i.:t-7T00 

7'-1' o/ '1-S W2 f'i ~ffljJ { l:: <D tc 6b ,;:: ~ tt G:h,0 b <D-C-Jb ~ ... 7F ~-C-Jb:h, ff'~~ L -Cb J: 
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[0046] }--7:,,,1/7-?1Q4tQ5, Q6tfi, jJv:,,,}--~7~~:m:ffltL-C:to"J, }--7:,,,1/7-?1Q5, Q6 

fi, l--7✓1/A?7Q4RJjfE;h,0J:EfflmUc4,cr,tt:tcfflmE~~fflGT00 l--7✓1/A?7Q7f'i, 

X.~o/?7;o~~ttl!6:h,00 l--7✓1/A?1Q70)::::zvY31 t, l--7✓1/A?1Q50)::::ZV:7?1Ficmcf'i, 

mmR4;o~~,t~n00 ~tc, }--7:,,,1/7-?1Q70)~~ 7-:t3J::V::::zv:73;tf'i, }--7:,,,1/7-?1Q 

80)~~ 7-t~~6n00 I--7✓1/A?1Q80)x.~o/?1 t~tt!!F1=1i ,o'i, mmR6;o~~,t~n 

' ..:CO)::::zv:7?7 t, l--7✓1/A?7Q50):::zv:7?7F1=1i ,ci'immR5;o~~~t~n00 l--7✓1/A?1 

Q 5 O):::z v Y ?7ft/M--1' f'i, £~fflEEWA200) tl1 jJ ft/M--1' 26 tf~-::i -C :t3 "J, £~fflEEVref ;o~ 

mn00 

[0047] J--7:,,,1/7-?7Q90)~~ 7-f'i, J--7:,,,1/7-?1Q80)::::zv:7?7 t~~6:h,, -tO)X.~o/?7f'i~ 

!11!6:h,, ..:CO)::::zv:7 ?7f'i, }--7:,,,1/7-?1Q60)::::zv:7 ?7 t~~6:h,00 

[0048] l--7✓1/A?7Ql0, Ql 1, Q12:t3J::VmmR7f'i, -=E-~FtUJP1§%MODE~~fflGT 

0tcth ,c~,t~n -Cv '00 J--7:,,,1/7'?7Ql00)~~ 7-f'i, J--7:,,,1/7'?7Q90)::::zvY31 t~ 

~6:h,, X.~o/?7f'il--7✓1/A?7Ql10):::rvY?7t~~6:h,00 ~tc, l--7✓1/A?7Ql00) 

x.~o/?7f'i, t11JJft/M--1'26t~~6:h,00 }--7:,,,1/7-?1Ql ltJ--7:,,,1/7-3;tQl2f'i~~ 7-, 

X.~o/?1;o~~iffi~~6:h,fcjJv:,,,}--~7~@J~~mffltT00 l--7✓1/A?7Ql20):::Zl/:7?7 

t, ffllt!!fflEEVbat;o~l=PJJ06:h,0tt/M--1'240)F1=1i ,ci'i, mmR 7;o~~~t~n00 *_'.%nm0) 

%-Jf!Hc:tov ,-c, J--7:,,,1/7-?1Q 10,'i, £~fflJ±Vref;o~?frJEO)ffiJ.±111iVpd ( •. 1. 2V) 

,c~-t-0t;d-:,,,f-0 J--7:,,,-1/7-?7,cffi ~ T00 

[0049] J;{.J:::O)J::5 ,c:m:fflt6:h,tc£~fflEEWA20f'i, 7'--io/'1-SW2;o~;d-:,,,~tf!Hc:tov ,-c, !J;:::. 

Tv::¥ .:=z..v~3;t3O0) tl1JJfflEEVreg;o~, ?frJ:Ev~JvVthJ::"J rWi<f~0t, /":,,,F::¥-\"o/7 

!J77V✓A@J~tL -C1E1~n=tb1'¥L, 1. 2VffiOCO)£~fflEEVref~tl1JJT00 

[0050] ~tc, ;:.0)£~fflEEWA2m'i, !J:::.7v::¥.:=z..v~3;t3O0)tl1jJfflJ±Vreg;o~?frJEv~1v 

J:: "J rWi<f~"J, £~fflJ±Vref;o~?frJ'.EO)ffiJ.±111iVpd,c~T0t, }--7:,,,1/7-?1Q 1 O;o~;d-:,,, 

L -C, ffimtic 1 O;o~mf;h,00 ;:_O) t~, jJv:,,, J--~7~ @J ~~mffltT 0 J--7:,,,1/7-?1Q 11, 

Q12f'i, }--7:,,,1/7-?1Q1mcmt;h,0fflmticlmcr,tt:tcfflmticlO' ~~fflGT00 ffimtic 

10' ;o~mmR7,cmE;h,0tfflEE~T;ot~~T0fcth, -=E-~F#JU~{§%MODEf-;to~ 

v~Jvtf~00 
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[0051] !J_::::. 7v=¥ :i v~?130<D tHJJfflEEVreg;.f~mJEv..,,--.:::1v J:: "J1.f&v \i):." *f~::Ji£~fflEE 

WA20il~:t"7iR:Tm<Dt~ti" "7:1/1/7-?'Q 1 0ti:t-7 ,:::tct-0---Cv \Qk .. 'th" fflmEic 1 0fimE 

t1fctv\o Ltcil~-0---C" :=.<Dt~" mmR7~:::fifflEEl$rfi361::Lfctv\fc'th" -=E-~FmU~ 

{§%MODEfiffl?l:!1fflEE.Vbatt~L<fct"J" .rv(v..,,--.:::1vtfctQ0 

[0052] ::.<DJ::5 ,:::" £~fflEEWA20t'i" § Gil~1::m<:TQ£~fflEEVrefil~BTJE<DfflEE{iRVpd 

,=~--t-Qt" BTJEV..,,--.:::Jv(o~v..,,--.:::Jv) tfctQ-=E-~FmU~{§%MODE~t±iJ:JTQo * 

tc" ....l:::~<DJ::5t:::" ::.<D-=E-~FmU~{§%MODE''i" !J_:::.7v=¥:iv~?130,:::t±ijJ~tt, 

---Cv \Qo Ltcil~-0---C" !J_:::.7v=¥:iv~?130''i" £~fflEEWA20iJ:.Gt:HJ:J~tt,Q-=E-~ FmU 

~{§%MODEil~BTJEV..,,--.:::Jv(o~v..,,--.:::1v) tfctQt" Tfct:b~" £~fflEEVrefil~m 

JE{llitfctQt" v::¥:iv~V3:1/-=E-~F,:::~1TTQ::.t,:::tctQo 

[0053] .U,....l:::<DJ::5 ,ct-PJJt'<:~tL,tcfflWA*uil00<Dib{~,:::---:)v \t!Jlw-ITQo IZl5 (a)" (b) ''i" 

*~nm <D%1m ,::: ~Q fflWA*ui 1 00<D Jl:aib P~;toJ:: V:tcJEib{~~<D?' -1 A 7-y~ ""03b 

Qo IZl5 (a) f'i" ffl?l:!1fflEE.Vbat" !J_::::.7v=¥:iv~?'30<Dt±iJ:JfflEEVreg" £~fflEEWA 

20<Dt±iJ:J"03bQ£~fflEEVref~~To *fc" IZl5 (b) ''i" -=E-~FmU~{§%MODE~ 

~To IZl5 (a)" (b) :toJ::V~~<DIZl6 (a)~ (cH:=::tov \t" ~w-J<Dw-J1it1!::<Dtc'th,:::" 

~ffi :to J:: VffiiV4iH'i®1L1Jt::k*f d'i~ 1 j, Lt 1f'Tb <D tT Qo *fc" ~ fflEE ~% ,::: ---:) 

v \-Cb" !Jlw-J<DliJIIJ:fr11::<Dtc'th ,:::" ~~<DfflEE~%t~tct0---C~~tl,Q~itil~3bQo 

[0054] ~~Jtm:=:" fflWA*uil00~*-TQffi~~:ff300il~T:1/L" ffl?l:!1fflEE.Vbatil~P~ 

FFlittb ,:::.ft~J:::i)~Qo taiJJIOC~ ,::::tov \---C''i" -=E-~ FmU~{§ %MODEfj::p~ V..,,--.:::Jv 

"03b"J" !J_::::. 7v=¥:iv~?130f'iv=¥ :iv~V3:1/-=E-~ Fttct-0 ---Cv \Qi)~" ~-~~l:ff3 

2il~T7L t:to"J" *fc£~fflEEVrefil~0V"03bQfc'th" t<D t±iJ:JfflEEVregf'i0V ttct 

0---Cv\Qo 

coo55J ~tUto~t1<D=MFFli" £~fflEEWA2o<Dmrfit1c10' f'imEn-r" mvtR7~=fflEEI$ r 

il~361::.Lfctv\fc'th" -=E-~FmU~{§%MODEt" ffl?l:!1fflEE.Vbatb{~J~~L<fct"J" ~ 

FFlittb,=....l:::~L ---Cv\<o ~tUtH:=:" -=E-~FmiJ~{§%MODE<DfflEE{iRil~" !J_:::=.7v::¥ 

:iv~?730<D7'-1o/TSWl~T:1/TQfflEEVtJ::"J::k~<fctQt" Tfct;b~/,.,{V..,,--.:::Jvt 

fctQt" /~.,{ /~7--=E-~Ftfct"J" Vbat •. VregtfctQ0 

[0056] ~~Jtl.U.1$" £~fflEEWA20<DlJffii~22,:::f'i" !J_:::.7v=¥:iv~?130iJ:.G" ffl?l:!1fflEE 
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Vbat~;:J~t~~Lv "lliJJfflJ±VregiJ{~tJD~h6o ~tc, -=t:-~Ffff!J~fflJ±MODEO)ffl 

EE{ooJi, ffli&fflJ±Vbat~;:t-Lf.tv "l::~L -Cv "<o £~fflEErDR200)~--r22~;:1=:ptJo~ 

n6!J;:::.Tv::¥ .::z..v~5'300)tfijJfflJ±Vreg ( =Vbat) iJ{fWJ£v---<1vVth~;:~--t-6t, 

£~fflEEibR20fi:t-✓~~tf.t~, £~fflJ±VrefiJ{fWYE{!R ( = 1. 2V) ~;:~J£11::~n 

60 £~fflEEibR20iJ{:t-✓~~tf.t6t, r-7✓'1/7-?'Ql0iJ{:t-✓L, -=t:-~FffiU~{§%M 

ODEf;to~ V-"Jv tf.t00 

[0057] ~~Jt2~;: -=t:-~ FmU~{§ %MODEiJ{o~ v---<1vtf.t0t, 7'-1o/'TSWliJ{:t"7T6 

fc(IJ, !J;:::.Tv::¥.::z..v~5f30f'i, v::¥.::z..v~1/3✓-=t:-~F,;:~1TT60 a~tUt20.~, !J;:::. 

Tv::¥.::z..v~5'300)tfijJfflJ±Vregf'i, Vref X (1 + R2/Rl)--C-4;;t~n6fflJ±{[t[';: 

~JE11::~h6o 

[0058] ~6 (a),--.., (c) f'i, *~:fiff!0)*~';:~6fflibR~uil000)il:alfJa~;JoJ::V~JEIIJ{"P~ 

0)5' ,,{ A '1-..y~ r---C-6b~, fflif:!1 fflEEVbatiJ{-JE~t&JELfc~it0)?'-1 A '1-..y~ r---C-6b6 

0 

[0059] ~~JtOf;:, -1*~:t·1v{§%ENiJ{,7,,,{v---<1vtf.t~, 7'-1o/'TSW21?{:t-✓T60 il:allJ 

IOC:r&,;:;Jov "-C, -=t:-~ FmU~{§%MODEf';t/,,,{v---<1vtf.t~, £~fflEEibR20f'if{,,{ /~ 

7--=t:-~FtL -CIIJ{"PT6o !J;:::.Tv::¥.::z..v~5f30iJ{,7~,,{ /~?--=t=-~FtL -CIIJ{"PT6t~, 

r-7✓'1/7'?'Tr2f'i7 JvT✓L, fflif:!1;o~~J-.7✓'1/7'?'Tr2~:frL -C-7~,,{ ,7~-7-q:-..y,7~1/?'C 

2 ~;:fflmft?{mfh~.7;,-, 6b6~1Etfc~b0 -C!J;:::. Tv::¥ .::z.. v~5f 300) lliJJfflJ±VregiJ{ 

J:: ~ T 6 o 

[0060] !J;:::.Tv::¥.::z..v~5'300)tfijJfflJ±VregO)J::~~;:t-Lf.tv", £~fflEEibR20iJ{IIJ{"P~ 

00:tlaT6o -i_-0)~*- a~tUtl ,;:£~fflEEVrefiJ{ijrJ£0)fflJ±{[t[Vpd';:~L, -=t:-~ FmU 

~{§%MODEiJ{,7,,,{v---<1vn~~o~v---<Jv""'-t~~T60 ~tUtl!?J.~, !J;:::.Tv::¥ 

.::z..v~5f30f'iv::¥.::z..v~1/3✓-=t=-~F~;:~1TL, £~fflEEVrefl;:£---=5v"fcfflEE1::JJx: 

~1T?o 

[0061] *~:fiff!0)*~';:~6fflibR~uil00,;:J::nf'f', £~fflJ±Vref~1::JJx:T6£~fflEE 

ibR200)fflifiR~, -i_-0)£~fflEEVrefl;:-Lt---=5~fflEE~JE1t:T6!J;:::. Tv::¥ .::z.. v~5f 30 

O)tfijJfflJ±VregtL -Cv "60 -i_-0)~*- ?--1o/'T✓:7"v::¥.::z..v~5f,;:;Jov "-C361::T6 

7'-1o/'T✓:7" /,,{7'-'iJ{, ffli&fflJ±VbadCW:~~ntc~it,;:;Jov "-Cb, /,,{7'-'pjt0-0)1J, 
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~f.t~JELfrJt~fflEEVref~:1:.~T-'5=.til~---C-~, ~G,c!J;::.7v::¥=r.v~:?'30(7)t±:i 

1JfflEEVreg~b~JE{t:T0=.til~---C-~00 

[0062] ~tc, *~:1ifi!(7)W1f!Hc~0ffl~~ul100,c:tov y·o:t, !J;::.7v=¥=i-v~7'30~, v 

::¥=1.v~:,,-'3::'./-1:-~Ft, /"-1 /~?--1:-~Ft, ~"WJ~~;:t "i=iJTi~~;:;f'fiJ~T00 ~G,c, !J;::.7 

v::¥ =i. v~:?' 30 f'i, £~fflEE~20 ,cJ:: ~ 1:.~~ n-'5 £~fflEEVref il~BTJE (7)ffifE{iliV 

pd,Ci¥T0 ~---C-(7)~ F1c1i, /"-1 /~?--1:-~ F---C-th1-'FL, £~fflEEVrefil~elrJE(7)ffifffiliV 

pd~ 1::@J-'5t, v::¥=1.v~:,,-'3:'./-1:--~ F---C-th1-'FT-'5o =.n,cJ::0--C, ,l:altJH{Hc:tov ,t, 

£~fflEEVrefil~elrJE(7)ffifffiliVpdJ::~fi&v ,t~,cf'i, !J;::.7v=¥:=i.v~7'30il~fflllf! 

fflEEVbat~-t(7)~~t±:i1JT-'5fc/:JJ, £~fflEE~20,c,:t, fflllf!fflEEVbatil~{tt*ft~n 

00 £~fflEEVrefil~BfJE{7)ffifffiliVpd~ffi::t-'5t, £~fflEE~2mct'i, ~fflEEt 

L --C!J;::. 7v=¥ :=i. v~:?' 30 ,cJ:: ~ ~JE1l::~ntc fflEEVregil~{tt*ft~n-'5o -t:(7)~*-- £ 

~-EE~2o~~tf~~u11oo~tff:iii,ctatti-t-0=.ti1~---c-~00 

[0063] ~tc, !J;::.7v=¥ :=i.v~?73m;:, A-1o/TSW1~~,t, /"-1 /~?--1:-~ Flt{HC:tov ,--c, 
7'-1o/T@J~~ fflv ,tr-7Y:P-7-:?'Tr2~71v;t-Y~-tt0=.t,cJ::~, !J;::.7v=¥:=i.v~7' 

30il"G, 1'.1JfflEE---C-&>0fflllf!fflEEVbat~-t(7)~~t±:i1JT0=.til~---C-~00 

[0064] ~tc, *~:1ifi!(7)W·muc:tov ,--c, £~fflEE~20f'i, § Gil~1:.~T-'5£~fflEEVrefil~ 

BfJE{7)ffifffil[_Vpd,ci¥-t--'5t, BfJEV~Jv (o~ V~Jv) tf.t,'5-1:--~ F#JH~{§ %MO 

DE~t±:i1JT-'5o !J;::.7v=¥:=i.v~:?'30,'i, £~fflEE~2on"Gt±:i1J~n0-1:-~F$1J~ 

{§%MODE,cl,t---:5~, v::¥:=i.v~:,,-'3::'./-1:-~F, /"-1/~?--1:-~F~~~::t00 -t:(7) 

~*-- !J;::.7v=¥:=i.v~7'3m'i, £~fflEEVrefil~elrJEfili(l. 2V) ,ci¥-t-0~fHCf'i, 

/"-1 /~?--1:-~FtL --Cfflllf!fflEEVbat~-t(7)~~t±:i1JL, BfJE{7)ffifE{iliVpd,ci¥Ltc 

1&,'i, v::¥:=i.v~:,,-'3:'./-1:--~ F,c~:fTL --C, ~JELfc£~fflEEVreflcl,t---:5v ,--c, ffl 
llf!fflEEVbat~~JE{t:T0=.tn~---C-~00 

[0065] J:::ic~:1ifi!(7)W~f'ifftl7F---C-3t>~-- -ttl,G(7)~m~~*4'~1tl!::i:17°Pt-7-(7)*_[it-tt,c 

v "0v '0f.t~WfJtln~"i=iJ~f.t=.t, ~tc-t:5 Ltc~WfJtll>*;al:!J':!(7)'mlffl ,c&>-'5=.tt'i~ 

*~'c:!:1M~n0t=.0 ---C-&>00 

[0066] ~:1ifi!(7)W~---C-f'i, £~fflEE~20:toJ::V!J;::.7v::¥:=i.v~:?'30~, J--.7::'./?-~fflv ,fc 

~EE ml (7) 7--1' o/T Y !fv::¥ :=i. v~:?'~{im ;:t -'5 -~~• ,c:iiiffl T 0 fflit ,c---::) v , tJJl l:!J':I 
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LtciJ:;::_n,{;:fj::~JtJE~t1.f.tv "o tct)t ff, 7'-1' o/'T/':7''v=¥ .-i v~!i7fj::--{:.,,, !i1'':7 ?7~ fflv" 

0iFffi~~~m0-CbJ:v "L, m0v "fj::jil:fE~, :'Jf-lil:EE~~m0-CbJ:v "o ~G{;:, 7' 

-1'o/'f-:.,,,:7''v::¥.-i v~!i7{;:~)t -c, 'f-.y~'1/~:.,,,7°@1~t.tt!(J)7'-1'o/'T✓:7"ffli»R~m0 

-CbJ:v"o 

[0067] '.%:1Jm(J)%~{;:;tov "-C, ~3~fJl~Ltc!J.::::. Tv::¥ .-iv~!i730(l):tJJJvtfj::-fjtl{;:-t-~'-f" 

' ~~~'~f.t%:i:t(J)!J;::.Tv=¥.1v~!i7~ffiv"0=.tiJ:;~~00 ~3~fj::, A-4o/'TSW1 

~t'-7/''1/7'?7Tr2(J),1/~ l--bl$€:tfi!FF1i {;:~tt, t'-7/''1/7'?7Tr2~71v;t-:.,,,~-tt0:=..t{;:J:: 

~-- ,,..-{_,f /~7'-=E-~F~'.%mLtct?:;, ::..n,{;:~JtJE~n0:=..tfj::f_t<, t--7/''1/7'?7Tr2~7 Jv 

;t-:.,,,~-tt07'-1'o/'f-@J~~mnff, ft!!(J)@J~W:i:t~m0 -CbJ:v "o ~G{;:, ~3~,j::, 

/"-4 /~7'-=E-~ F{;:;tov "-C, t--7/''1/7'?7Tr2 § {;$:~7 Jv;t-:.,,,~-tt-C 7'.jJfflfE~m0ffl:rtl! 

fflEEVbat~-t(J) ~~ t±i jJ T 0:tJJJvtt L tciJ:;, :=..n {;: ,j:: ~NJE~h T, /"-4 /~7'-=E-~ Ff;: 

:tov "-C71v;d-/'T0/"-1' /~7'ffl (J) t--7/''1/7'?1~, t--7/''1/7'?7Tr2ts1ft~Uf;:~tt-CbJ: 

[0068] ~tc, ~4~fJl~Ltc£~fflEEWR20(l):tJJJJx:fj::-fftl{;:-t-~'-f", ~~~'~t.tW:i:t{J)/"/' 

F=¥.Yo/7°v::¥ .-iv~!i7@J~~(/)JEfflEEWR~ fflv "0:=..til:;~~00 

[0069] '.%:1im(J)W~~fj::, !J.::::.7v::¥.-iv~!i73O(J)v::¥.-iv~1/3✓-=E-~ F, /"-4 /~7'-=E-~ F 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 12/096,765 06/09/2008 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* X $ = OR X $ = (37 CFR 1.16(i)) minus 20 = 

INDEPENDENT CLAIMS 
* X $ = X $ = (37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1)(G) and 37 CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

06/09/2008 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
I- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) • 12 Minus ** 20 = 0 X $ = OR X $50= 0 
0 Independent z * 3 Minus ***3 = 0 X $ = OR X $210= 0 w 137 CFR 1.16/h\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

I- AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** = X $ = OR X $ = 

0 (37 CFR 1.16(hll 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /SHARAIN MORELAND/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information Is required by 37 CFR 1.16. 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 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. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 12096765 

Filing Date 2008-06-09 
INFORMATION DISCLOSURE First Named Inventor I Tomoyuki ITO 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PRM-0155 

U.S.PATENTS I Remove I 

Pages,Columns,Lines where 
Examiner Cite Kind Name of Patentee or Applicant 
Initial* No 

Patent Number Code1 Issue Date 
of cited Document 

Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Cite Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Publication Number Code1 Date of cited Document 

Relevant Passages or Relevant 
Figures Appear 

1 

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

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 5-35344 JP 1993-02-12 SANYO ELECTRIC CO (SEE ENGLISH 
□ LTD ABSTRACT) 

2 2002-315335 JP 2002-10-25 CANON INC 
(SEE ENGLISH 

□ ABSTRACT) 

3 2004-32899 JP 2004-01-29 MURATA MFG CO LTD 
(SEE ENGLISH 

□ ABSTRACT) 
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Application Number 12096765 

Filing Date 2008-06-09 

INFORMATION DISCLOSURE First Named Inventor I Tomoyuki ITO 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PRM-0155 

4 2004-201474 JP 2004-07-15 SMKCORP 
(SEE ENGLISH 

□ ABSTRACT) 

5 2005-73483 JP 2005-03-17 OHIRA DENSHI KK 
(SEE ENGLISH 

□ ABSTRACT) 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 
International Preliminary Report on Patentability for International Patent Application No. PCT/JP2006/324029 issued 

~ June 11, 2008 with English Translation 

2 International Search Report for International Application No. PCT/JP2006/324029 mailed March 6, 2007 with English 
~ Translation 

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

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. 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 WIPO 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 2008-06-09 
INFORMATION DISCLOSURE First Named Inventor I Tomoyuki ITO 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PRM-0155 

CERTIFICATION STATEMENT 

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

That each item of information contained in the information disclosure statement was first cited in any communication 
D 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 

D 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). 

D See attached certification statement. 

D Fee set forth in 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 collection 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.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. 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 
negotiations. 

3. 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. 

4. 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 information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. 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. 

6. 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 Atomic Energy Act (42 U.S.C. 218(c)). 

7. 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. 

8. 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 abandoned 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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Searching P AJ 

(51 )Int.Cl. 

PATENT ABSTRACTS OF JAPAN 

(11 )Publication number : 05-035344 
(43)Date of publication of application : 12.02.1993 

G05F 1/56 

(21)Application number: 03-189936 

(22)Date of filing : 30.07.1991 

(71)Applicant : SANYO ELECTRIC CO LTD 
(72)Inventor : 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 Vee 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/resu1t/detail/main/wAAA17aWWnDA405035344Pl.htm 2008/08/11 
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(72)1nventor: TAKEUCHI HARUYUKI (22)Date of filing : 25.06.2002 

(54) CHOPPER REGULATOR CIRCUIT AND ELECTRONIC DEVICE USING THE SAME 

(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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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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Ozy (;: , /±1 :tJ :::I -1 /1,- 2 8 b (1) p<j ff~ I;: &J Q ~ 1¥i' Rf,t }R I;:_ J:: l'.J , J-:' 7 -1 -:f :::i -1 J].., 2 8 c I;: Jx iJii l, f;::_ 

'lilt EE V d ( ~ 4 ( d ) lz: :;f-; T ) ;b• ~ 1:. L- , N -cf M O S • F E T 1 4 'a' 0 N f;: T 6 0 ::. OJ 58 
-~~'a:'·l'.J~T:=.t:--r:-1±1:tJaEE~~Ghoa 
[0008] 

::. ::. <: , 1±1 :tJ 'lilt EE V o f';J: , o/ :r. -J- - J/' -1 ~ - F 3 1 (1) ~ fj§ a EE R r e f t: J;~ ~ 2'. :h, , /±'1 :tJ 
a EE V o ;b• £ ~ a EE R r e f 'a' ~ ;t o c: , -c (1) ~ :B- ;b• 7 ;t I- :JJ 7 7 2 o (1) 58 ':Jf, ;w .:Y:. 2 o b 

/;: mE :h, 0 o ::. :h, IZ: J:: I? , 7 ;t 1' :JJ 7 7 2 0 (1) ~ 'Jt. * .'.:J- 2 0 a (1) :::i v '.7 !7 • .::r: ~ :;., (;I ria9 (1) -1 
:,, l::" - -';l' :,, 7-- ;b• OC 1t. T o (1) 't'· , M O S • F E T 1 4 (1) 0 N WI r'ia9 1;: :::z :,, .:y: :,, -it 1 9 'a' 1f, • T 
o ¾i£ Im /;: ili:i o :j:Js; }:i'i; 2 3 , 7 ;t 1' :JJ 7 7 (1) ~ 'Jt. * .:Y:. 2 o a , :::z :,, ·'f :,, -it 1 9 1;: J:: 6 Ozy Jl:'. Jjc ;b• 1 o 
OC {t, T 6 a T 6 t'. , :::i 1/ 7'' 1/ "!1- a EE V c 1.l• V b e [;:_ ~ l, , 1' 7 Y 1/ 7- !7 1 . 8 'a' 0 N L, -C , 

M O S • F E T 1 4 'a:" 0 F F T o O ::. (1) R# ;'E'. ~ (1) OC 11:: f;:_ l: I'.) , V c ;I.), V b e f;: ~ T o ;l:. t:' 

(1) a\!f, r'ia~ ;I.), ~ {!:; L- , ::. :h, f;: J:: I? , M O S • F E T 1 4 (1) 0 N W] r'ia9 ;I.), :::i Y 1' o - ;1,- 2'. :h, , 1±1 :tJ 
'lilt EE V o ;b• 'ii:. ll:'. T 6 ( f7tl ;t !:f , ;1= !r-T !If Jt iiik 1 ~ fl~ a ) o 

[0009] 

[~l=lj\'j1ffJtiiik 1] 

F' )II if; e}l ~ r ~ ffl • iDR@] i~ 1W: ft/' 1/ j..:' :7' o/ '.:7 J CQ 1±1 IHL 1 9 9 9 1¥, 3 J:l 1 f=l ffi 1 7 AA ';le :ff 
, P. 140~147 

[0010] 

[ 58 l3J:l ;I.), fW ~ L- J:: ? t: T 6 ~ m l 20 

J:. BC ~ 3 {;: ~ T 1tE * (1) § fJm ;rt; 7-- -1 :;., r :,, '.7 •• a S @l N 1 o f';:J: , 2 fX 1llil <: 1±1 :tJ a EE V o :a:- t~ 1±1 
L- -C , ::. :h, 'a:" 1 fX {RI] 1;: 7 ,r - F /-;; o/ '.:7 L- -C IM 1iEP T .'5 i'i\'f fJX 'a' c: -0 -c v' o f;::_ If) , ~ j:-~ /.t f;: 1±1 :tJ 
aEEVo:a:-:::i:,,J-o-NTo:=.t:~-C-~oa 
L- '/J, L- , ~ 3 0) @l N lz: :IS v' -C , Iiil:. mE ffi: fjjj'( (1) + fllJlftlm .:Y:. 1 1 lz: !wJ wt. :::I -1 ;1,- 2 8 a :a:- liil:. ii$ L- , M 

o s • F E T 1 4 (1) Y - 7-- 'a' , liil:. me ffi: WR (1) - 1/Ul "{J,'fu .:Y:. 1 2 f;:_ ~ ~ L- -C t, ' 6 t:::.. If) , F '7 -1 :7· :::i 
-1 JV 2 8 C 'a:" fJm a :::I -1 /V 2 8 a t'. @:. t,il;= L- -c 114' r& T Q ::. C'. i.), t ~ f,t. V \ 0 ::. (1) f;::_ If) ' 7 7 -1 /S: 

o/ '.:7 1' 7 1/ ;:;<. 2 8 (1) 1 fX fl{I] (1) !wJ lw. :::i -1 /1,- 2 8 a c: i..:· 7 -1 :7' :::i -1 ;1,- 2 8 c f';J: , -c :h, ,1:· :h, Mt ft 

L- -c +11f r& L- , Ii 1,,, 1;: • ~ ~":l M!: ~ i.), £, ~ -c &) '? , 11'\' @ i.), ~!ii ~E -c :::i 7-, i- iJ, i% 1,,, t: 1,,, 5 r .. , m i.), dt) 

-? f;::_ 0 ;!:. f;::_ ' 2 fX {)ll] t:' 1±1 :tJ • EE V O 'a' *~ 1±1 L- -c ' ::. :h, 'a' 1 fX 1Jlll 1;: 7 ,( - F /-( o/ '.:7 T Q f;::_ If) 
(;: ffl I,,' 9 7 ;,t 1' jJ 7 7 2 0 (';J: , i\t fiffi ,~ ff~ rf/:, ""('· &J I'.) , ::_ :h, t, :::i 7- 1' 'a' 11"\'J < T 6 ~ jzg 1: &J 0 f;::_ 30 

[0011] 

:,j,: ~a ~ Ii , J:. 1fc1, r .. , M ,~ 1;: ~ di- f.t. 2'. :h, t:::.. ib (1) t &J l'.J , 7 "7 -1 /s: -;,, "-7 1' '7 :,, 7-- (1) Wi' @ :a:- f'ii1i J;p. lz: 

To ::. t: t: , 1±1 :tJ • EE 0) ~ 1±1 'a' 1 fX 11\IJ t ff I,,\ 7 ;,t j, 'JJ 7 7 'a'!& I'.) [\,is < ::. t: 't'', :::i 7-- 1' :a:- f~ 
-L~ffi:S@JN'a:'m~T0:=.t:'a:'§~c:T0b(l)t:'~00 
[0012] 

[~~'a' W?~T of;::_ If) (1) =f-t:lt l 
:,jl: ~ ~ l';J: , 1 ?k f.M IZ: fJm fitt :::i -1 ;v .!:: F 7 -1 7·· :::I -1 ;t, 'a' ;(;j" L- , 2 ?k fJlJJ t;:_ /±l 7J :::i -1 Iv 'a' 1i' --t .'5 7 

7 -1' ,,, :;; 7 I- 7 :,, 7-- c , 1W Jc. F '7 -1' 7·· :::I -1 ;1,- 'IJ, G (1) ·~ EE ti', l=P 1.m 2'. h .'5 ::. c f;: J:: --::, -C § JJ:w 58 
:r~ L- , im ~ mb :ritt :::i -1 1v :a:- WJ ritt -r 0 ffi 1 A -1 o/ "f- :,, '.7 •• • .:y:. .!:: , :::. (1) ffi 1 A -1 :;; r :,, -:f * .:y:. 0) 40 

B ■ •••:a::-~-T~~lf)OJ7'-1-;,,=J-:,,f•••.!::'a'A•L-t:::..;:z.-1-:,,"f-:,,f• ■ @JN~~ 
1,, , -c , im BC ffi 1 7-, -1 :;; r :,, "-7 •• ~ .:y:. 'a' , im tc mb ritt :::I -1 11,- c: liil:. 1ilE ffi: s FR~ tz: :tlri A L- , im BC mb a :::i 
-1 ;v OJ - 7J 1ilm lz: M Jc. F 7 -1 7·· :::i -1 ;1,- 'a' liil:. ~ L- , M Jc. !wJ 1itt :::z -1 ;1,- f;: , 2 ?k 11lil OJ 1±1 :tJ 'lilt EE lz: M 
r,t, L- t:::.. ·~ EE :a:- ~ 1±1 T o 1±1 :tJ ·~ EE ~ 1±1 ff~ 'a' l't9: It , ::. (1) 1±1 :tJ ·~ EE ~ 1±1 fm t;: , ::. (1) 1±1 :tJ • EE ~ 1±1 
ti'B tz: t ~ 1±1 L- f;::_ a EE :a:- £ ~ ffi: EE c J;t ilix T o l~ ~ ~ 1±1 ti'B 'a' ~ It , :::. (1) ~ ~ t~ 1±1 ffB f;: , M Ji:'. 7' 
-1 :;., r :,, 7·· flilj f!EII ffll 'a' ii$ it L -C f,t. l'.J , M 1lc. ~ ~ ~ 1±1 ffll 1;:. -C ~ 1±1 L- k ~ ~ a EE OJ * 'e' ~ 1.: ~ --:5 
1,,, -CM BC 7' -1 :;., r :,, 7·· ltllJ 1wll ti'B (1) ff# Jl:'.. @l N 'a' l'iJ ~ L- -C ffi 2 7' -1 -;,, r:,, f ~ .:Y:. (1) ::t-:,,, ::t- 7 
'a:'~•L-c1±1:tJaEE~ Jl:'.c:~.'5J::5~Mfflffil;:;<.-1-:,,"f-:,,f • .:Y:.(1);:t-:,,~OO:a:-~•T.'5 
J::~~L-k::.c::a:-!r,!rac-ro7---1:;.,=J-:,,f• ■ @JNt~~o 
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:::. (I) J:: ? f,t f14' Jo.x: t: T o :::. t: --c:· , v'.JJ lit! :::r --{ Jv t: F 7 --{ 7·· :::r --{ JV l'i Il![ ~ L- --C f1if µx; '"t: ~ , M~ ~ T 

0 ;16, ~ tJ, f.t It' (1) ~ , 7 7 -1' /<: o/ -7 1-- '7 :,.., 7- :a- ffi'i * {~ ~ ~ o o ~ tc. , /.:1:l h ffl EE :a- 1 t'X {Jlil ~ 1~ 
/.:1:l -r o J:: 5 f;: L- tc. (1) --c:· , v.t * 2 t'X fl1!J tJ, G 7 -1 - F /' o/ -!7 T o tc. ?iJ 1;: ffl 1.,, tc. 7 ~ 1--- n 7" '7 ~ 

(I) iilli flffi t.t * ::Y.- tJ, £, ~ t.t < t.t '? , @:I n :a:: 'ti: flffi f;: f1/f io.x: T o ::.. t: n, --c:· 'e" o o 

[0014) 

['.9E~O)~;Jj(ij;(l)%)W] 

;;ts: 56 ~ (1) 7-. --{ :,1 =f- :,.., .Jf ffl WK @:I n I± , ~ 1 f;: iR T J:: 5 f;: , @J fitt :::r -1 Jv 5 2 a , ,'±l jJ :::r --{ 1v 5 

2 b , F '7 --{ -:f ::::r --{ Jv 5 2 c tJ, i:::, f,t o 7 '7 --{ /' o/ '7 J, '7 :,.., 7- 5 2 t: , Il![ me ffi: WR o) + {l!IJ MM -r 
llt:AA~~m:::r-1~52a.!::(1)00~-~~hkM17---{o/=f-:,..,f.-r36t:7ii::AfiL---C 

f.t I'.) , ;I: tc. , 11',J ffi ti: ~ iii) 0 !)ill 1W :::r --{ IV 5 2 a t: F 7 --{ f ::::r --{ JV 5 2 c :a- jJ![ t;!f L, --C til'f AA T 0 10 

t: t: t [;:_ , /.:1:l 1J ffi: EE 'a:: 7 7 --{ /S: o/ -7 1-- 7 :,.., 7- 5 2 (I) 1 t'X {Jl.lJ ~ ~ /.:1:l T 0 J:: 5 [;:_ /.:1:l 1J ffi: EE ~ 1±1 
fm 'a:: ID): it ' :::. (1) /.:1:l jJ ffi: EE ~ /.:1:l J'.m ~ tfi'l: /.:1:l L, tc. /.:1:l 1J ffl EE :a- ~ ~ ~ /.:1:l fm ~ £ fl! ffi: EE t: lt, ~ L, ' -t 
(I) ~ ~ 0) * ~ ~ 1;: /;t, C --C 7-. --{ o/ =f- :,.., /f flilj q~J ff[I ~ ffi 1 7- --{ o/ 'T :,.., -7•' * -=f 3 6 (1) 0 N WJ r"', 7ii:: mu 
m -t o m AA t: t.t --:;, --c 1.,, o 0 

[0015) 

w. T , ~ 6 r;: ~ L- 1., , * 56 ~ 0) A ,, o/ =r :,.., -:;,·· ffl rliR @I n 0) m 15,x; :a- ~ ~ -t o 0 

~ 1 /;: :t:3 It ' --C , iJ!i: im ffi: iDlt 7ii:: ~ mi'c 1- 0 tc. ?iJ 0) + {ftlJ *Im -r 1 1 t: - flliJ )'.r/Af -r 1 2 0) r"', /;: 1'i , IjZ if ffl 
::z :,.., 7. :,.., --it 1 3 tJ, Jf€ it ~ h o o ::.. 0) + 1/UJ i'.r/fil -r 1 1 (;: I± , M 1 7- --{ o/ =f- :,.., ~,.. * -r 3 6 ( 17U x. 
Ii' M O S • F E T ) 0) F v --{ :,.., tJ~ ~ mi'c ~ ;h, , ::.. 0) ffi 1 7- --{ -._y 'T :,.., /f * -r 3 6 0) Y - 7-. 1:l: , 
@J :iitt ::z --{ JV 5 2 a (I) - )r )'.r,'ru [;:_ :J'-1€ tx ~ h , @J ritt :::r --{ JV 5 2 a 0) fill. h tJ.'ru 1'i , - {jl_lJ Yim -=r- 1 2 1;: Jf€ 20 

{fJc ~ ;h, 0 0 ;I: tc. ' ])ill m ::z --{ /v 5 2 a 0) - jJ )'.r/fil {Jlll [;: 1± ' F 7 --{ 7·· :::r --{ Jv 5 2 C 0) - jJ *™ tJ, • 

~ L, --C iii) I'.) , F 7 --{ 7·· ::z --{ Jv 5 2 c 0) {ill. )r fr/Af 1'i , t!;\;; m 3 8 t: :::r :,.., 7' 1/ --it 3 7 7ii:: fr- l- --C ffi 1 

7- --{ :,1 =f- :,.., -:;,·· • ::Y.- 3 6 0) If' - ], f;: :f-~ mi'c ~ h , ~ tc. , M 1 7- --{ :,1 =f- :,.., -:;,·· * -1- 3 6 0) I/ - I- .!:: 
+ ,roi i'.r/Af -=r 1 1 o) r"', 1;: 1:i: , IE1l. !ltJJ m :J:fi: rn: 3 s tJ, m »&i: ~ n o 0 

[0016) 

AA We. M 1 7-. --{ :,1 =f- :,.., -:;,·· * -r 3 6 t 7 7 --{ /' o/ 7 1-- 7 :,.., 7- 5 2 0) f'mi f;: 1± , 7-. --{ :,1 =f- :,.., 1f flj1J qa:~ 
fm s 6 , it~ ~ t~ 1.±l fm s 1 & v 1.±l h m EE ~ 1.±l fm s s t.i, J1lv.l 7j;: ~ iwi: ~ h --c 1., , 0 0 

AA ~ 7-. ,, o/ =r ✓ f iu qij rm s 6 r-;:t , AA ttc. m 1 A ,, o/ =r ✓ f • -=r- 3 6 (I) A ,, :/ =r ✓ 1f !l))J ,t :a:: iu 

1iI11 T 0 tc. "tJJ 0) t 0) ~ , ffi 1 7-. --{ o/ 'T :,.., ~- * -=f 3 6 0) I/ - J, , Y - 7-. /;: l'i , /' --{ ~ - '7 J, '7 

:,.., 1/ 7-. ?' f,t c:.· 0) ffi 2 7-. --{ o/ =f- :,.., -:;,··. -r 3 9 0) ::::r v -7 ?' , .::c. ~ o/ ?' tJ; -t ;h, .f:' ;h, Jf€ m ~ ;h, -C It' 30 

o 0 :::. 0) m 2 7-. ,, o/ =r ✓ ~- • -=r- 3 9 0) ~ - 7-. - .::c. ~ o/ -7 r"', 1;: 1;;1:: , ::z ✓ 7. ✓ --it 4 o t.i, r:t€ ff:ll: ~ 

n , m 2 ;,.. ,, o/ =r :,.., -:;,·· • -=r- 3 9 0) .r.:: - A t F '7 ,, 7·· :::r ,, Jv s 2 c 0) ,tl1. )r !Jim t 0) r"', r;: 1;;1:: , 

ffi: me • -=r 4 1 ii' ~ ml'c ~ n --c 1.,, 0 0 ;1: tc. , =- 0) ~ ffl me • -=r 4 1 t .w '.71J 1;: , m m 4 2 t 7·· ,, 7.1-­

- F430) iJ!l: ~@I• ffi Y --{ 7.l-- - F430) 7 / - FA:a::M27-- --{ o/=f- ✓ f•-=r390) ~ - 7-. 

1Jt1J r;: L- --c Jf€ m ~ n , ~ G r;: , AA we. :::r ✓ 7· ✓ --it 4 o t stt ~11 r;: , :J:~ rn: 4 4 t 1E ffi: ffi: im !hlJ 1itfl m 1-
7 ✓ :,:; A -7 4 5 o) • '.71J @I n ii' m m 4 4 :a:: m 2 A ,, o/ 'f" ✓ 7·· • -=r- 3 9 0) ~ - A 1ro1 1;: L- --c m m 
~;h,-Cv'oa 

[0017) 

AA ~E 1±1 jJ ·~ EE ~ /.:1:l fm 5 8 & V lt.~ ~ ~ /.:1:l fm 5 7 0) f~ µx; [;:_ -? l, \ --c m l'l}l T 0 0 

AA ili:'. JJi}j ritt ::z --{ Jv 5 2 a 0) f,fij fr/It; F,.".I 1;: ~ me Jf.l If --{ 7.1-- - F 5 1 t: Sfl. ni- ffl ::z :,.., 7'' :,.., ·I}- 5 0 tJ! Jf€ m ~ 40 

n , :::. 0) ::z ✓ 7. ✓ --it 5 o t: stt 1u 1;: , 7.7' EE m 0) m m 4 s t tfi: m 4 9 o) ~ 3711 @I Rt t.i, Jf€ ml'c ~ :n --c 
, /.:1:l 1J ffi: EE ti /.:1:l g~ 5 8 ii1 tflf rot ~ h --c v ' :S o 

AA we. it~ ~ /.:1:l im 5 7 f;t , o/ ::r: -r - -7·· --{ 7.1-- - F 4 6 t ~ ~ J.tl 1lii& ~ 4 7 ii> 6 t.t '? , AA Wi:'. :J:~ }:1i: 4 

8 .!:: :J:~ m 4 9 0) ~ {fJc ,r/'K 1;: , AA ttc. ~ ~ ~ ~iii ~ 4 7 0) :A 1J t.J~ ~ iwi: ~ h --c v' 0 o ;J: tc. , ~"!. ~ !fl! 
,piJi :ff 4 7 0) + :A 1J f;: f± , o/ ::r: -r - -7·· --{ 7.1-- - F 4 6 OJ '}J Y - F {JllJ t.J, ~ ~ ~ h , :::. (1) 'Y .::c. -J- -

~- -1 7.1-- - F 4 6 0) 7 / - 1-:- fl!IJ f-;:t , 1!ill m :::r --{ Jv 5 2 a OJ - )r frlm f;: ~ iwi: ~ h --c t, ' 0 o -t L- --c :::. 
0) ~ ~ t~ ~ :ff 4 1 0) 1.±l 1J 1;;1:: , AA w2 1E ·~ ·~ me ftilHW ffl ,, '7 :,.., :,:; A -7 4 s 0) .r.:: - A r;: :/-1£ tft: ~ :n --c 
1,, 0 0 

[0018) 

fill le. 7 7 --{ /' ,y -7 1--- 7 :,, 7-. 5 2 OJ 2 t'X {JllJ [;:_ ID): ft tc. /.:1:l jJ :::r --{ Jv 5 2 b [;: /;t , ~ me ffl -7·· --{ ;-1- - 50 
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F53c~Mffi=1/~1/-!t54ffi••~n. ::.(/):::r1/~1/-!t54ctt~~•mssffi•• 

~ho o 

[0019] 

::. (1) J:: ? t.t 11'\: }J)i; 1;: :lo ft -5 1,i;; ffl ~ lg] 2 1;: ~ --:5 "e: 1m ~ T o o 

+ {l!Jj fJ/lt; .::Y:- l l c - ill!J 'fiffii .::Y:- l 2 (1) r,,, 1;: mum ffl: Wit if• f-11 1m ~ h o c . ~ !!iJJ ffi t,!;\: m 3 5 ~ :1r L --C ffi 
1 7-. -1 o/ 7 1/ {f * .::y:- 3 6 (1) if - 1-- 1;: ffl I± iO' f-11 J]Q ~ ;h Q O ::. (1) ffl }± /;t • if - I- (1) ~ fji[ ffl I± J;1, 

J:. (1) ffl I± -c' ivJ 0 tc II) • 1=11 :!Jn ~ h tc ~ Pm9 (1) t l nc':¥ 1;: ffi 1 7-. -1 -y =r- 1/ If * .::Y:- 3 6 I± , 0 N :17(: tilll 
f;: f.t t'.1 • JHb $ :::r -1 Jv 5 2 a f;: , lg] 2 ( a ) /;: :iF T J:: 5 f.t , Jg[ im ·~ Wit f;: ffli:r ~ L It, ~ I± v s iJ, 
)JQ ;b o o IP] a;y f;: , ::. (1) IHh lift :::r -1 ;v 5 2 a (1) a EE V s f;: J;t -Wtl L tc '~ EE ;o, F 5" -1 7' :::r -1 ;v 5 2 

c 1z:: 58 1:. L --c . m m: 3 s . = 1/ ,y- 1/ -!t 3 1 ~ :1r L- --c m 1 A -1 o/ :r 1/ ~- * -r 3 6 (1) If - 1-- 1z:: 1 o 
f-11 J]Q ~ ;h O 0 ::. (1) F 7 -1 7 ::I -1 Jv 5 2 C i), G (1) if - 1-- • }± {;: J:: t'.) • m 1 A -1 o/ 7 1/ 7·· * T 
3 6 (1) 0 N :17(: tilll l::t it ~ ~ h o o ;:'I:. tc , F 7 -1 7·· :::r -1 Jv 5 2 c f;: 58 1:. L- tc ffl EE f± . '..<i:: ffl im * 

.::Y:- 4 1 ~ :1r L --C :::r 1/ 7' 1/ -!;I- 4 O 1;: b f-11 :!JU ~ h • ::. h f;: J:: t'.J :::r 1/ 7' 1/ -!;I- 4 o (1) 7E ffl ;o, 00 ft#; ~ 
h o o lg] 2 ( b ) l::t . :::r 1/ 7' 1/ -!;I- 4 0 (1) 1f, ffl ffl I± V c (1) ¥Bi H~ 1i: * L --C v ' o o ::. (J) I§ 2 ( b 

) f;: :iF -:i- J:: ? 1;: , 1f, ffl ffl EE V c ;o> , t 2 nc':¥ f;: ffi 2 :;z.. -1 o/ :f- 1/ 7•' * .::Y:- 3 9 (1) -" - 7-. • .:r:. ':: o/ 

-!fl p,,9 a EE V b e {;: ~ T o c , ffi 2 7-. -1 o/ :f- 1/ 7·· * .::Y:- 3 9 f'± • 0 N L- --C , ffi l :;z.. -1 -y =f- 1/ 7·· * .::Y:- 3 6 (J) if - ], • Y - 7-. r,,, 1i: fil ~ T o (1) t:· , ffi 1 7-. -1 o/ :f- 1/ 7•' ~ .::Y:- 3 6 f;:t , 0 F F :17(: tilll 
C f.t O O ::. ::. -r:· . m l A -1 o/ 7 1/ ,:;r· * T 3 6 i), 0 N L- --c i.P G O F F T 9 ;:'I:. -c' f;: um fitt ::I -1 JV 

5 2 a f;: im h o ~ im I d Li , ~ 2 ( c ) {;: :iF T J:: ? f.t ~ % C f.t o 0 

[0020] 

ffi l 7-. -1 o/ 7'- 1/ 7·· * .::Y:- 3 6 ;o> t 2 n~ {;: 0 F F T 0 c , IHh m.li :::r -1 Jv 5 2 a • W "fJ :::r -1 Jv 5 2 

b , F 7 -1 f :::r -1 Jv 5 2 c f;:t , 't" h .:e· h ffl EE (1) ~~ ·I·~ iO" IR ilii L , ,'±\ :fJ :::r -1 Jv 5 2 b f;:t , l;l -1 
* - i-:· s s ~ :1r L- --c 1±1 n 1l'l'l 1z:: I§ 2 < d ) 1;: :iF i'" J:: 5 t.1: m im r o 1r: 1:J:1< it i'" o O ::. (J) r,,, , !Hh ritt 
:::r -1 Jv 5 2 a f;: f;:t , lg] 2 ( a ) (;: :iF T J:: ? f.t ""< -1 -r :;z.. (1) ffl EE iJ:. 58 1:. -r o o ;:'I:. tc , F 5" -1 7" 

::I -1 Ji.:, 5 2 C f;: b IRI +i (J) "7 -1 T A (1) ffl I± ;o> 58 1:. T Q O ::. (1) F 7 -{ 7" ::I -1 JV 5 2 C f;: 36 1:. L 

tc Y -1 T 7- (1) ffl EE f;;l: , m }Jt 4 2 , l;l -1 7.1- - F 4 3 1i: :1r L- --C :::r 1/ ·'r' 1/ -!;I- 4 0 (;: F-11 ;JI] ~ h , :::r 
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(54) SOFT SWITCHING CIRCUIT FOR SELF-SWITCHING POWER SUPPLY 

(57)Abstract: 
PROBLEM TO BE SOLVED: To provide a circuit by which similar 
performance is obtained, by using an easily obtainable and 
inexpensive saturable inductor as a delay element in a soft switch 
circuit of a conventional method, to which the saturable inductor is 
applied as the delay element. 
SOLUTION: A series circuit, which is composed of a diode 18 and 
a Zener diode 20, is connected in parallel to the saturable inductor 
15 inserted between a control electrode of a switch element 13 
and a positive feed-back winding 12, in the self-switching power 
supply. 
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PATENT APPLICATION FEE DETERMINATION RECORD 
Application or Docket Number 

Effective September 30, 2007 12096765 

CLAIMS AS FILED - PART I 
SMALL ENTITY OR LARGE ENTITY· 

(Column 1) (Column 2) 

U.S. NATIONAL STAGE FEES RATE FEE RATE FEE 

BASIC FEE BASIC FEE OR BASIC FEE $310 
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*** If the "Highest Numtier Previously Paid Fo~• IN THIS SPACE is less than '3', enter"3". 

The "Highest Number Previously Paid Fo~· (Total or Independent) Is the highest number found In the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. 

12/096,765 

23413 

Tomoyuki Ito PRM-0155 

CANTOR COLBURN, LLP 
20 Church Street 
22nd Floor 
Hartford, CT 06103 

Date Mailed: 07/28/2009 

INTERNATIONAL APPLICATION NO. 

PCT /JP2006/324029 
LA FILING DATE PRIORITY DATE 

11/30/2006 12/09/2005 

CONFIRMATION NO. 4525 
371 ACCEPTANCE LETTER 

11111111111111111111111111111111111111111111111 ll~~jml!~~~~~!ll~IJ~!~ 

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 
DATE OF RECEIPT OF 35 U.S.C. 371 (c)(1 ), 

(c)(2) and (c)(4) REQUIREMENTS 

06/09/2008 
DATE OF COMPLETION OF ALL 
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), (c)(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 IA 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 
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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 

APPLICATION 
NUMBER 

12/096,765 

23413 

FILING or 
37l(c)DATE 

06/09/2008 

CANTOR COLBURN, LLP 
20 Church Street 
22nd Floor 
Hartford, CT 06103 

GRPART 

UNIT 

1796 
FIL FEE REC'D 

930 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

PRM-0155 12 2 
CONFIRMATION NO. 4525 

FILING RECEIPT 

11111111111111111 lllll ll]~!l]!~l!~l!~U!li~IHll lllll 111111111111111111 

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; 
lsao 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 US PTO 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-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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 
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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). 
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Doc code: IDS PTOISB/08a (07-09) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 12096765 

Filing Date 2006-11-30 
INFORMATION DISCLOSURE First Named Inventor I Tomoyuki Ito 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PRM0155US 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Cite Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Publication Number Code1 Date of cited Document 

Relevant Passages or Relevant 
Figures Appear 

1 

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

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 □ 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 
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Application Number 12096765 

Filing Date 2006-11-30 
INFORMATION DISCLOSURE First Named Inventor I Tomoyuki Ito 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PRM0155US 

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 I Add I 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. 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 WIPO 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 I Tomoyuki Ito 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PRM0155US 

CERTIFICATION STATEMENT 

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

That each item of information 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 

D 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). 

D See attached certification statement. 

D Fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D 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 collection 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.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. 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 
negotiations. 

3. 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. 

4. 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 information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. 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. 

6. 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 Atomic Energy Act (42 U.S.C. 218(c)). 

7. 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. 

8. 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 abandoned 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 I no 

File Listing: 

Document 
Document Description File Name 
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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. 

Page 2 

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 (Vee), 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 

Vee); 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 (Vee) 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 "'335"). 

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: 

Serial No.: 

Filed: 

TOMOYUKI ITO ET AL. 

12/096,765 

June 9, 2008 

) 
) Group Art Unit: 2838 
) 
) Examiner: Nguyen, Matthew 
) 
) Confirmation No.: 4525 

For: POWER SUPPLY DEVICE, ELECTRONIC) 
DEVICE USING THE SAME, AND ) 
SEMICONDUCTOR DEVICE ) 

Customer No. 23413 

VIAEFS-Web 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

AMENDMENT 

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: 
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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 aH:-the 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, 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 

compnses: 

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 
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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 generates the mode control signal based on current flov1ing in a 

transistor that is ON 1tvhen the reference voltage reaches a predetermined voltage value 

compnses: 

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 

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. 

I. 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 
contro 1 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 010, 011, and 012 

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. 

II. 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 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." (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 '899 

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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III. 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 seek to cooperate with the 

Examiner including via telephone if convenient for the Examiner. 

Date: November 29, 2010 
CANTOR COLBURN LLP 
20 Church Street, 22nd Floor 
Hartford, CT 06103 
Telephone (860) 286-2929 
Facsimile (860) 286-0115 
Customer No.: 23413 
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By: /Daniel P. Lent/ 
Daniel P. Lent 
Registration No. 44,867 
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the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. 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. 

6. 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 Atomic Energy Act (42 U.S.C. 218(c)). 

7. 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. 

8. 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 abandoned 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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United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

23413 7590 

CANTOR COLBURN LLP 
20 Church Street 
22nd Floor 
Hartford, CT 06103 

02/09/2011 
EXAMINER 

NGUYEN,MATTHEWVAN 

ART UNIT PAPER NUMBER 

2838 

DATE MAILED: 02/09/2011 

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 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE 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. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOW ARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

23413 7590 02/09/2011 

CANTOR COLBURN LLP 
20 Church Street 
22nd Floor 
Hartford, CT 06103 

APPLICATION NO. FILING DATE 

12/096,765 06/09/2008 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
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 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

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 

nonprovisional NO $1510 

EXAMINER ART UNIT 

NGUYEN, MATTHEW VAN 2838 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

323-281000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 05/09/2011 

2 ______________ _ 

3 ______________ _ 

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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0The 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file ( and by the US PTO 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 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, 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 0MB control number. 
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APPLICATION NO. FILING DATE 

12/096,765 06/09/2008 

23413 7590 02/09/2011 

CANTOR COLBURN LLP 
20 Church Street 
22nd Floor 
Hartford, CT 06103 

FIRST NAMED INVENTOR 

Tomoyuki Ito 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

PRM-0155 4525 

EXAMINER 

NGUYEN,MATTHEWVAN 

ART UNIT PAPER NUMBER 

2838 

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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Notice of Allowability 

Application No. 

12/096,765 
Examiner 

MATTHEW V. NGUYEN 

Applicant(s) 

ITO ET AL. 
Art Unit 

2838 

-- The MAILING DA TE 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. [8J This communication is responsive to amendment filed on 12/27/10. 

2. [8J The allowed claim(s) is/are 1-11. 

3. [8J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)~ All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. ~ 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. 0 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D 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. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. ~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 12/27/1 O 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

/MATTHEW V NGUYEN/ 
Primary Examiner, Art Unit 2838 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20110130 
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CLASS 

323 281 

Application/Control No. 

12096765 

Examiner 

MATTHEW V NGUYEN 

SUBCLASS 
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CROSS REFERENCE($) 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

323 273 

□ Claims renumbered in the same order as presented by applicant 

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 

11 11 

12 

NONE 

(Assistant Examiner) 

/MATTHEW V NGUYEN/ 
Primary Examiner.Art Unit 2838 

(Primary Examiner) 

U.S. Patent and Trademark Office 

0 5 F 

□ 

Final 

Applicant(s)/Patent Under Reexamination 

ITO ET AL. 

Art Unit 

2838 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

1 / 40 (2006.01.01) 

CPA □ T.D. □ R.1.47 

Original Final Original Final Original Final Original 

Total Claims Allowed: 

11 
(Date) 

01/30/2011 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1 

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 0MB control number. 

Application Number 12096765 

Filing Date 2008-06-09 

IN FORMATION DISCLOSURE First Named Inventor I Tomoyuki ITO 
STATEMENT BY APPLICANT 

Art Unit 2838 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Nguyen, Matthew 

Attorney Docket Number PRM0155US 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
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Initial* No 
Patent Number Code1 Issue Date 
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Relevant Passages or Relevant 
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If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 
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Figures Appear 
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If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 
FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 □ 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS}, title of the article (when appropriate}, title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s}, T5 
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 

IN FORMATION DISCLOSURE First Named Inventor I Tomoyuki ITO 
STATEMENT BY APPLICANT 

Art Unit 2838 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Nguyen, Matthew 

Attorney Docket Number PRM0155US 

1 
Japanese Office Action for Japanese Patent Application No. 2005-356077 dispatched September 28, 2010 with [8] English translation 

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

Examiner Signature I /Matthew Nguyen/ I Date Considered I 01/30i2011 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. 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 WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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