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Description
Title of Invention: SWITCHING POWER SUPPLY CIRCUIT AND

POWER FACTOR CONTROLLER
Technical Field

[0001] This invention relates to a switching power supply circuit for supplying determined

direct-current output voltage from alternating power supply to a load and a power

factor controller and, more particularly, to a switching power supply circuit and a

power factor controller which can perform switching between a critical current control

method and a continuous current control method.

Background Art
[0002] With many electronic devices to which commercial alternating power-supply voltage

(AC 100 to 240 V) is supplied, a switching power supply circuit is used for obtaining

direct-current voltage for driving an internal electronic circuit. Accordingly, the

switching power supply circuit needs a rectifying circuit for converting commercial al

ternating power-supply voltage to direct-current voltage. If power factor improvement

is not made, current flows to a smoothing capacitor connected to the rectifying circuit

only at the time of input voltage being near a peak. As a result, high-frequency current

and voltage components are generated in the rectifying circuit. These components are a

source of high-frequency noise and cause a drop in power factor.

[0003] A power factor is a value obtained by dividing input effective power Pi (W), which is

the time-average of the product of input voltage and input current in an alternating

circuit, by apparent power (which is the product of the effective value of the input

voltage and the effective value of the input current). Effective power is obtained by

multiplying apparent power by a coefficient (power factor) which depends on a load. If

AC 100 V is applied to a simple resistance load, the phases of voltage and current are

the same and a power factor is 1. However, the phase of current may deviate from the

phase of voltage due to a load other than a resistor. In this case, in order to compensate

for a drop in power factor corresponding to the amount of the deviation, it is necessary

to increase input current. This causes an increase in power loss on an input line.

Therefore, it is necessary to control this power loss by preventing a drop in power

factor by the use of a PFC (Power Factor Controller) and to control the above high-

frequency noise.

[0004] FIG. 13 illustrates a switching power supply circuit including a conventional power

factor controller using a fixed on-width control method.

[0005] A power factor controller improves a power factor by making the phase of input

current equal to the phase of alternating input voltage rectified by a rectifying circuit in



a switching power supply circuit, and controls high-frequency current and voltage

which cause harmful EMI (ElectroMagnetic Interference) or destruction of a device. In

the switching power supply circuit illustrated in FIG. 13, alternating input voltage is

full-wave rectified by a full-wave rectifier 1. One end of a capacitor 2 is connected to

an output side of the full-wave rectifier 1. High-frequency components generated as a

result of the switching operation of a switching element 4 described later are removed

by the capacitor 2. A step-up circuit including a primary inductor 3 of a transformer T,

the switching element 4 which is a MOSFET (Metal- Oxide Semiconductor Field-

Effect Transistor), a diode 5, and a capacitor 6 is also connected to the output side of

the full-wave rectifier 1. Rectified voltage outputted from the full-wave rectifier 1 is

increased and rectified by the step-up circuit. By doing so, a direct-current output

voltage of, for example, about 400 volts can be supplied to a load (not illustrated)

connected between an output terminal 7 and ground.

[0006] A power factor controller 100 includes an integrated circuit into which various kinds

of functions are integrated, and has a FB terminal for receiving a feedback signal, an IS

terminal for detecting current which flows through the switching element 4, an OUT

terminal for output, a ZCD (Zero Current Detection) terminal for receiving a zero cross

signal, a RT terminal for connecting a resistor which determines the waveform of the

oscillation of an oscillator 13, and a COMP terminal for connecting a phase com

pensation element. In addition, the integrated circuit includes an error amplifier 11 for

amplifying and outputting the difference between the detected value of output voltage

inputted to the FB terminal and reference voltage Vref, a PWM (Pulse Width

Modulation) comparator 12, the oscillator 13, OR circuits 14a and 14b, a RS flip-flop

(FF) 15, a ZCD comparator 16, a timer 17, an OVP (OverVoltage Protection)

comparator 18 for protecting against overvoltage, and a comparator 19 for detecting

overcurrent.

[0007] The RT terminal of the power factor controller 100 is connected to one end of a

timing resistor R l the other end of which is grounded. The ZCD terminal is connected

to one end of a secondary inductor 8 of the transformer T via a resistor R2 and the

other end of the secondary inductor 8 is grounded. The OUT terminal is connected to a

gate terminal of the MOSFET which is the switching element 4. A source terminal of

the switching element 4 is connected to one end of a current detection resistor R3 the

other end of which is grounded. A point at which the source terminal of the MOSFET

and the one end of the current detection resistor R3 are connected is connected to the

IS terminal. The output terminal 7 is grounded via voltage division resistors R4 and R5

connected in series. A point at which the voltage division resistors R4 and R5 are

connected is connected to the FB terminal. The COMP terminal is grounded via a

capacitor CI. A resistor R6 and a capacitor C2 are connected in series and are



connected in parallel with the capacitor CI. In addition, the power factor controller 100

has a VCC terminal (not illustrated) for receiving power-supply voltage, a GND

terminal (not illustrated) for ground connection.

[0008] With the above switching power supply circuit the power factor controller 100 makes

the phase of inductor current IL which flows through the step-up circuit equal to the

phase of the alternating input voltage full-wave rectified by the full-wave rectifier 1.

As a result, its power factor is improved.

[0009] The error amplifier 11 of the power factor controller 100 is a transconductance

amplifier. The reference voltage Vref is inputted to a non-inverting input terminal of

the error amplifier 11 and an inverting input terminal of the error amplifier 11 is

connected to the FB terminal. An output terminal of the error amplifier 11 is connected

to the COMP terminal and an inverting input terminal of the PWM comparator 12. An

output terminal of the PWM comparator 12 is connected to a reset terminal of the RS

flip-flop 15 via the OR circuit 14a. The oscillator 13 is connected to the external timing

resistor R l via the RT terminal and generates a sawtooth oscillation output the slope of

which corresponds to the resistance value of the timing resistor Rl. The oscillation

output is supplied to a non-inverting input terminal of the PWM comparator 12.

Reference voltage Vzcd is inputted to a non-inverting input terminal of the ZCD

comparator 16 and an inverting input terminal of the ZCD comparator 16 is connected

to the ZCD terminal.

[0010] An output signal from the ZCD comparator 16 and an output signal from the timer 17

are supplied to a set terminal of the RS flip-flop 15 via the OR circuit 14b. An output

signal SO from an output terminal Q of the RS flip-flop 15 is supplied to the gate

terminal of the switching element 4 via the OUT terminal. Reference voltage Vovp is

inputted to an inverting input terminal of the OVP comparator 18 and a non-inverting

input terminal of the OVP comparator 18 is connected to the FB terminal. An output

terminal of the OVP comparator 18 is connected to the reset terminal of the RS flip-

flop 15 via the OR circuit 14a. Reference voltage Vovc is inputted to an inverting input

terminal of the comparator 19 and a non-inverting input terminal of the comparator 19

is connected to the IS terminal. An output terminal of the comparator 19 is connected

to the reset terminal of the RS flip-flop 15 via the OR circuit 14a.

[001 1] Operation performed for improving a power factor by the fixed on-width control

method is as follows. The ZCD comparator 16 detects a voltage value at which the

inductor current IL which flows through the primary inductor 3 of the transformer T

included in the step-up circuit becomes zero. When the ZCD comparator 16 detects

that the inductor current IL is zero, an output signal from the ZCD comparator 16

becomes H (High) and sets the RS flip-flop 15 via the OR circuit 14b. As a result, the

output signal SO from the RS flip-flop 15 becomes H and this signal is outputted from



the OUT terminal. Accordingly, the switching element 4 turns on. In addition, the

output signal from the ZCD comparator 16 is inputted to the oscillator 13. When the

oscillator 13 is triggered by the output signal from the ZCD comparator 16, the o s

cillator 13 begins to generate a sawtooth oscillation output (sawtooth signal) at the

same timing when the switching element 4 turns on. When the sawtooth signal reaches

a determined value, the oscillator 13 stops generating an oscillation output, resets an

oscillation output to an initial value, and waits for the next trigger input.

[0012] A signal obtained by dividing direct-current voltage outputted to the output terminal

7 by the voltage division resistors R4 and R5 is then fed back to the FB terminal as

feedback voltage. An error signal Verr obtained by amplifying the difference between

the feedback voltage and the reference voltage Vref is generated by the error amplifier

11. The PWM comparator 12 compares the error signal Verr with the sawtooth signal

from the oscillator 13. When the PWM comparator 12 detects that the sawtooth signal

has reached the level of the error signal Verr, the PWM comparator 12 outputs a reset

signal to the RS flip-flop 15 via the OR circuit 14a. As a result, the output signal SO

from the RS flip-flop 15 becomes L (Low). When the output signal SO which has

become L is outputted from the OUT terminal of the power factor controller 100, the

switching element 4 turns off.

[0013] If the magnitude of the load connected to the output terminal 7 of the switching

power supply circuit is constant at this time, then the error signal Verr is also constant

and an on-width of the switching element 4 is time from a point at which the sawtooth

signal starts from a reference value to a point at which the sawtooth signal reaches the

error signal Verr. Therefore, the on-width is controlled so that it will be constant.

However, alternating voltage is inputted to the switching power supply circuit, so

voltage across the primary inductor 3 changes according to the phase angle. As a

result, the slope of the inductor current IL which flows through the primary inductor 3

of the transformer T changes according to input voltage. The peak value of the

inductor current, that is to say, a current value at the timing at which the switching

element 4 turns off is proportional to the alternating input voltage and the power factor

is improved.

[0014] Control methods by power factor controllers are broadly divided into two methods: a

continuous current control method and a critical current control method. The above

fixed on-width control method belongs to the critical current control method. With the

critical current control method, timing at which inductor current IL that flows through

an inductor (corresponding to the inductor 3 illustrated in FIG. 13) becomes zero is

detected and a switching element is turned on at that timing. The critical current

control method detects that the inductor current IL becomes zero, and turns on the

switching element 4. Accordingly, soft switching can be realized. Compared with the



continuous current control method by which hard switching is realized, turn-on loss is

small and efficiency is high. With the critical current control method, on the other

hand, the peak value of the inductor current IL is high compared with the continuous

current control method. As a result, it is necessary to increase the current capacity of

the inductor. Therefore, the critical current control method is used by a power factor

controller the power consumption of which is low, for example, about 250 W or less,

and is not suitable for a power factor controller the power consumption of which is

higher than 250 W.

[0015] Therefore, in order to take advantage of the merit of the critical current control

method even in a power factor controller the power consumption of which is high, the

following control methods are proposed in patent literature 1 through 4. The magnitude

of a load is detected by the use of an auxiliary winding (corresponding to the

secondary inductor 8 of the transformer T illustrated in FIG. 13). If the magnitude of

the load is smaller than or equal to a determined value, then the critical current control

method is applied. If the magnitude of the load is greater than or equal to the de

termined value, then the continuous current control method is applied.

[0016] In patent literatures 1 through 3, switching between the critical current control

method and the continuous current control method is performed by the use of the fact

that time from a point at which a switching element turns off to a point at which

inductor current becomes zero becomes longer with an increase in the magnitude of a

load (with an increase in the inductor current at the time of the switching element

turning off). This is the same with the switching power supply circuit illustrated in

FIG. 13. That is to say, in the switching power supply circuit illustrated in FIG. 13,

zero current is detected with the secondary inductor 8 of the transformer T as an

auxiliary winding. Timing at which the zero current is detected is compared with

timing at which determined time elapses on the timer 17 after the turning off of the

switching element 4. The RS flip-flop 15 is controlled so that the switching element 4

will be turned on at the earlier timing of the former and the latter. As a result, the

continuous current control method is applied in a heavy load region where time which

elapses before the detection of the zero current is longer than the determined time

specified by the timer 17, and the critical current control method is applied in a light

load region where time which elapses before the detection of the zero current is shorter

than or equal to the determined time specified by the timer 17.

[0017] In patent literature 4, that inductor current becomes zero is not detected directly by an

auxiliary winding. The magnitude of a load is determined on the basis of the fact that a

positive voltage is outputted from the auxiliary winding at the time of a switching

element being in an off state and that a negative voltage is outputted from the auxiliary

winding at the time of the switching element being in an on state. That is to say, a



capacitor externally connected is charged and discharged by the use of an output from

the auxiliary winding so that while the switching element is in the off state, integrated

voltage of the capacitor will rise. When the integrated voltage exceeds a determined

value, the determination that off time of the switching element is long and that a load is

heavy is made and the continuous current control method is applied. The critical

current control method is applied in a light load region where the integrated voltage

does not exceed the determined value.

Citation List

Patent Literature
[0018] PTL 1: Japanese Laid-open Patent Publication No. 2006-296158 (see, for example,

paragraphs [0012]-[0050] and FIG. 1)

PTL 2 : Japanese Laid-open Patent Publication No. 2005-20994 (see, for example,

paragraphs [0145]-[0197] and FIG. 5)

PTL 3 : US Laid-open Patent Publication No. 2004/263140 (see, for example,

paragraphs [0035]-[0074] and FIG. 3)

PTL 4 : Japanese Laid-open Patent Publication No. 2008-193818 (see, for example,

paragraphs [0011]-[0046] and FIG. 1)

Summary of Invention

Technical Problem
[0019] With each of the above power factor controllers voltage outputted from an auxiliary

winding is used for realizing the critical current control method or performing

switching between the critical current control method and the continuous current

control method. As a result, it is impossible to remove the auxiliary winding itself.

Therefore, the costs of the switching power supply circuit cannot be reduced.

[0020] The present invention was made under the background circumstances described

above. An object of the present invention is to provide a switching power supply

circuit and a power factor controller which can perform switching between the critical

current control method and the continuous current control method without an auxiliary

winding.

Solution to Problem
[0021] In order to solve the above problem, according to the present invention there is

provided a switching power supply circuit for supplying determined direct-current

output voltage from alternating power supply to a load, the switching power supply

circuit including a rectifying circuit which full-wave rectifies alternating power-supply

voltage to output a pulsating current, an inductor connected to the rectifying circuit, a

switching element, and an output capacitor. The switching power supply circuit

includes an inductor current detection circuit which detects current that flows through



the inductor and which outputs inductor current detection voltage, a level conversion

circuit which converts the inductor current detection voltage to a first current level

signal and a second current level signal different in voltage level, a continuous control

setting circuit which generates a reference potential signal a phase of which is ap

proximately the same as a phase of full-wave rectified alternating input voltage from

the first current level signal and which compares a voltage level of the reference

potential signal with a voltage level of the second current level signal to generate a

signal that specifies timing at which the switching element turns on, and a zero current

detection circuit which detects that current which flows through the inductor becomes

zero.

[0022] The feature of this switching power supply circuit is that the switching element turns

on at the earlier timing of the timing at which the switching element turns on and

which is specified by the continuous control setting circuit and timing at which the

zero current detection circuit detects that current which flows through the inductor

becomes zero.

[0023] In addition, according to the present invention there is provided a power factor

controller including a level conversion circuit which converts the inductor current

detection voltage to a first current level signal and a second current level signal

different in voltage level, a continuous control setting circuit which generates a

reference potential signal a phase of which is approximately the same as a phase of

full-wave rectified alternating input voltage from the first current level signal and

which compares a voltage level of the reference potential signal with a voltage level of

the second current level signal to generate a signal that specifies timing at which the

switching element turns on, and a zero current detection circuit which detects that

current which flows through the inductor becomes zero, the switching element turning

on at the earlier timing of the timing at which the switching element turns on and

which is specified by the continuous control setting circuit and timing at which the

zero current detection circuit detects that current which flows through the inductor

becomes zero.

[0024] With this power factor controller, an external terminal used for changing the voltage

level of the reference potential signal by the resistance value of a resistor externally

connected can be formed.

Advantageous Effects of Invention
[0025] According to the present invention, a switching power supply circuit and a power

factor controller which can perform switching from critical operation to continuous

operation without an auxiliary winding can be provided.

Brief Description of Drawings



[fig. 1]FIG. 1 is a circuit diagram of a switching power supply circuit according to a

first embodiment.

[fig.2]FIG. 2 is a circuit diagram which illustrates the concrete structure of a level

conversion circuit and a continuous control setting circuit included in a power factor

controller illustrated in FIG. 1.

[fig.3]FIG. 3 is a timing chart of the waveforms of signals inputted to and outputted

from a one-shot circuit included in the continuous control setting circuit illustrated in

FIG. 2.

[fig.4]FIGS. 4(A) and 4(B) are timing charts of the waveforms of signals in a peak

hold circuit and a set pulse generation circuit, respectively, included in the continuous

control setting circuit illustrated in FIG. 2.

[fig.5]FIGS. 5(A) and 5(B) are waveforms indicative of the operation of the power

factor controller illustrated in FIG. 1, FIG. 5(A) being waveforms indicative of critical

operation performed at the time of a load being light, FIG. 5(B) being waveforms in

dicative of continuous operation performed at the time of the load being heavy

[fig.6]FIG. 6 is the waveform of inductor current which flows in the switching power

supply circuit according to the first embodiment at the time of the load being heavy.

[fig.7]FIG. 7 indicates the peak value of the inductor current which flows at the time of

the load being heavy, and also indicates, for comparison, the peak value of inductor

current in a conventional circuit using only the critical current control method.

[fig.8]FIG. 8 is a circuit diagram of a switching power supply circuit according to a

second embodiment.

[fig.9]FIG. 9 is a circuit diagram which illustrates the concrete structure of a level

conversion circuit and a continuous control setting circuit included in a power factor

controller illustrated in FIG. 8.

[fig.lO]FIGS. 10(A) and 10(B) are views for describing the operation of a power factor

controller illustrated in FIG. 8, FIG. 10(A) being the waveform of each signal in a set

pulse generation circuit included in the continuous control setting circuit, FIG. 10(B)

being the waveform of each signal in the continuous operation of the power factor

controller performed at the time of a load being heavy.

[fig. 11]FIG. 11 illustrates the comparison result of the peak values of inductor current

at the time of the load being heavy in the case of external resistors different in re

sistance value being connected to the power factor controller illustrated in FIG. 8.

[fig. 12]FIG. 12 illustrates a change in inductor current with respect to heat generation

in a switching element; and

[fig.l3]FIG. 13 illustrates a switching power supply circuit including a conventional

power factor controller using a fixed on-width control method.



Description of Embodiments
[0027] Embodiments of the present invention will now be described with reference to the ac

companying drawings.

Example 1
[0028] FIG. 1 is a circuit diagram of a switching power supply circuit according to a first

embodiment. Components corresponding to those included in the switching power

supply circuit illustrated in FIG. 13 as a conventional example will be marked with the

same reference symbols and repetitive Descriptions will be omitted.

[0029] The switching power supply circuit illustrated in FIG. 1 includes a full-wave rectifier

1 which full-wave rectifies alternating power- supply voltage and which outputs a

pulsating current, and an inductor 3 connected to the full-wave rectifier 1. The

switching power supply circuit supplies determined direct-current output voltage from

alternating power supply to a load. The switching power supply circuit on-off controls

a switching element 4 by a power factor controller 10 which performs switching

between critical operation and continuous operation without an auxiliary winding. A c

cordingly, the power factor controller 10 illustrated in FIG. 1 differs from the con

ventional power factor controller 100 of the switching power supply circuit illustrated

in FIG. 13 in the following three respects.

[0030] First, the power factor controller 10 differs from the power factor controller 100 in

that a level conversion circuit 20 and a continuous control setting circuit 30 are added.

Secondly, the power factor controller 10 differs from the power factor controller 100 in

that when inductor current IL flows through a current detection resistor R3 included in

an inductor current detection circuit illustrated in FIG. 1, negative inductor current

detection voltage is generated and is supplied to an IS terminal of the power factor

controller 10. Thirdly, the power factor controller 10 differs from the power factor

controller 100 in that the timer 17 illustrated in FIG. 13 is not included. In addition, the

switching power supply circuit illustrated in FIG. 1 differs from the switching power

supply circuit illustrated in FIG. 13 in that the secondary inductor 8 of the transformer

T is not included.

[0031] Current level signals SI, S2, and S3 outputted from the level conversion circuit 20

and a second set pulse S8 supplied from the continuous control setting circuit 30 to a

RS flip-flop 15 via an OR circuit 14b will be described in detail in FIG. 2 which i l

lustrates the concrete structure of the level conversion circuit 20 and the continuous

control setting circuit 30. In addition, an output signal from a ZCD comparator 16 to

which the current level signal S3 is supplied will be referred to as a first set pulse S9.

[0032] FIG. 2 is a circuit diagram which illustrates the concrete structure of the level

conversion circuit and the continuous control setting circuit included in the power



factor controller illustrated in FIG. 1.

[0033] The level conversion circuit 20 includes four resistors R21 through R24 connected in

series. One end is connected to positive reference voltage Vref2 and the other end is

connected to the IS terminal. The level conversion circuit 20 shifts input voltage from

the IS terminal to positive voltage the polarity of which is reverse to that of the

inductor current detection voltage, converts the input voltage to the three current level

signals SI, S2, and S3 proportional to the inductor current IL which flows through the

inductor 3, and outputs the three current level signals SI, S2, and S3 at different

voltage levels. The first current level signal SI is outputted from a point at which the

resistors R21 and R22 on the reference voltage Vref2 side are connected, and is

supplied to the continuous control setting circuit 30. The second current level signal S2

is outputted from a point at which the intermediate resistors R22 and R23 are

connected, and is supplied to a comparator 19 and the continuous control setting circuit

30 included in the power factor controller 10. The third current level signal S3 is

outputted from a point at which the resistors R23 and R24 on the IS terminal side are

connected, and is supplied to the ZCD comparator 16 included in the power factor

controller 10. The ZCD comparator 16 compares the third current level signal S3 with

reference voltage Vzcd, detects that current which flows through the inductor becomes

zero, and outputs the first set pulse S9. That is to say, the ZCD comparator 16

functions as a zero current detection circuit.

[0034] The continuous control setting circuit 30 includes a peak hold circuit 40 and a set

pulse generation circuit 50 and outputs the second set pulse S8 to the OR circuit 14b il

lustrated in FIG. 1. An output signal SO from the RS flip-flop 15 illustrated in FIG. 1

and the first current level signal S1 from the level conversion circuit 20 are inputted to

the peak hold circuit 40 of the continuous control setting circuit 30. The peak hold

circuit 40 generates a peak level signal S6 from the first current level signal SI. The set

pulse generation circuit 50 generates the second set pulse S8 which specifies the timing

at which the switching element 4 turns on. The second set pulse S8 functions so as to

change the timing at which the switching element 4 turns on to timing before zero

current detection timing at the time of the load being heavy. The second set pulse S8 is

used for switching a control method from critical current control to continuous current

control at the time of the load being heavy.

[0035] The peak hold circuit 40 includes a one-shot circuit 4 1 which generates one-shot

pulses S4 and S5 synchronized with timing at which the switching element 4 turns off,

a transfer gate 42 which goes into a conducting state by the one-shot pulses S4 and S5,

and a holding circuit 43 including a resistor R7 and a capacitor C3 connected in series.

[0036] The one-shot circuit 4 1 includes a MOSFET 31, a constant-current source 32, a

capacitor C4, inverters 33 and 34, a NAND circuit 35, and an inverter 36. The output



signal SO from the RS flip-flop 15 is supplied to a gate terminal of the MOSFET 3 1 to

turn on or off the MOSFET 31. The capacitor C4 connected in parallel with the

MOSFET 31 repeats a discharge by the MOSFET 31 and a charge by the constant-

current source 32. The output signal SO from the RS flip-flop 15 is inputted to the

inverter 33. An input terminal of the inverter 34 is connected to a point at which the

capacitor C4 and the constant-current source 32 are connected, and charging voltage of

the capacitor C4 is supplied. Output voltage from the inverter 33 and output voltage

from the inverter 34 are inputted to the NAND circuit 35 and the one-shot pulse S4 is

generated. In addition, the one-shot pulse S4 from the NAND circuit 35 is inverted by

the inverter 36 and output voltage from the inverter 36 is the one-shot pulse S5. The

one-shot pulses S4 and S5 are supplied to an inverting input terminal and a non-

inverting input terminal, respectively, of the transfer gate 42. The holding circuit 43

generates the peak level signal S6 corresponding to the peak value of the first current

level signal SI and outputs it to the set pulse generation circuit 50.

[0037] The set pulse generation circuit 50 includes an amplifier (voltage follower) 51, a re

sistance circuit including two resistors R8 and R9 connected in series, and a

comparator 52. The amplifier 51 amplifies (impedance-converts) the peak level signal

S6 generated by the peak hold circuit 40. An output terminal of the amplifier 5 1 is

grounded via the resistors R8 and R9. Output voltage from the amplifier 5 1 which is

equal in voltage level to the peak level signal S6 is divided by the resistors R8 and R9

and a reference potential signal S7 is generated. An inverting input terminal of the

comparator 52 is connected to a point at which the resistors R8 and R9 are connected,

and the reference potential signal S7 is supplied to the inverting input terminal of the

comparator 52. The second current level signal S2 is supplied from the level

conversion circuit 20 to a non-inverting input terminal of the comparator 52. The

comparator 52 compares the second current level signal S2 with the voltage level of

the reference potential signal S7 and outputs the second set pulse S8. The second set

pulse S8 is inputted to the RS flip-flop 15 via the OR circuit 14b.

[0038] FIG. 3 is a timing chart of the waveforms of signals inputted to and outputted from

the one-shot circuit 4 1 included in the continuous control setting circuit illustrated in

FIG. 2.

[0039] The output signal SO from the RS flip-flop 15 is supplied to the one-shot circuit 41.

The output signal SO is at a 0 level (low level) from timing before timing tO to timing

tl. The MOSFET 3 1 is in an off state. This is the same with the switching element 4.

At this time a charging current flows from the constant-current source 32 to the

capacitor C4, so the capacitor C4 has already been charged to a determined voltage

level (high level) at timing tO. Accordingly, during a period from timing tO to timing

tl, a 1 level (high level) is outputted from the inverter 33 to which the output signal SO



is inputted to the NAND circuit 35 and the 0 level is outputted from the inverter 34 to

the NAND circuit 35. As a result, output from the NAND circuit 35 is at the 1 level

and output from the inverter 36 is at the 0 level. Therefore, the transfer gate 42 is in the

off (cutoff) state.

[0040] When the output signal SO becomes the 1 level at timing tl, the MOSFET 3 1 turns

on. As a result, the capacitor C4 discharges and input to the inverter 34 is inverted im

mediately to the 0 level. Output signals from the two inverters 33 and 34 are inverted

to the 0 level and the 1 level, respectively, at the same time. However, output from the

NAND circuit 35 is kept at the 1 level, so the off state of the transfer gate 42 does not

change. At timing t2 at which the output signal SO returns next to the 0 level, the 1

level is outputted immediately from the inverter 33. However, a charging current only

begins to flow from the constant-current source 32 to the capacitor C4. Output from

the inverter 34 is kept at the 1 level. As a result, the output from the NAND circuit 35

is inverted from the 1 level to the 0 level and the output from the inverter 36 is inverted

from the 0 level to the 1 level. In addition, the one-shot pulse S4 at the 0 level and the

one-shot pulse S5 at the 1 level are inputted from the one-shot circuit 4 1 to the transfer

gate 42.

[0041] Accordingly, during a period from timing t2 to timing t3, the transfer gate 42 is in a

conducting state by the one-shot pulses S4 and S5 generated by the one-shot circuit 4 1

as complementary signals, and the first current level signal SI is inputted to the

holding circuit 43. The peak level signal S6 corresponding to the peak value of the first

current level signal SI is inputted to the holding circuit 43 via the transfer gate 42 and

is held by the capacitor C3 of the holding circuit 43. That is to say, while the switching

element 4 is in an on state, the inductor current IL continues to increase. Therefore, the

maximum value of the inductor current IL is obtained the very moment the switching

element 4 turns off. The one-shot pulses S4 and S5 from the one-shot circuit 4 1 occur

right after the turning off of the switching element 4. Therefore, the peak level signal

S6 obtained by sample-and-holding the peak value of the first current level signal SI

corresponding to the peak value of the inductor current IL is held by the holding circuit

43 (see FIG. 4(A) described later).

[0042] When the capacitor C4 is charged at timing t3 by the constant-current source 32 to a

level higher than threshold voltage Vth of the inverter 34 in the one-shot circuit 41,

output from the inverter 34 is inverted to the 0 level. That is to say, the pulse width of

the one-shot pulses S4 and S5 is specified by a period from timing t2 to timing t3. The

period from timing t2 to timing t3 is made longish in FIG. 3 for the sake of simplicity,

but in reality this period is set to as short time as possible. In this case, it is necessary

that the above sample-and-hold operation can be performed in this period.

[0043] FIGS. 4(A) and 4(B) are timing charts of the waveforms of signals in the peak hold



circuit and the set pulse generation circuit, respectively, included in the continuous

control setting circuit illustrated in FIG. 2.

[0044] FIG. 4(A) illustrates the output signal SO from the RS flip-flop 15 inputted to the

peak hold circuit 40 of the continuous control setting circuit 30, the one-shot pulse S5

generated at timing at which the output signal SO falls, the first current level signal SI,

and the peak level signal S6 generated from the first current level signal SI.

[0045] As stated above, when the inductor current IL flows through the current detection

resistor R3, the current detection resistor R3 generates negative inductor current

detection voltage and supplies it to the IS terminal. The absolute value of the inductor

current detection voltage becomes larger with an increase in the inductor current IL. As

a result, the first current level signal S1 extends downward in FIG. 4(A) with an

increase in the inductor current IL. Therefore, as the bottom peak value of the first

current level signal SI and the peak level signal S6 illustrated in FIG. 4(A) shift

downward, the peak value of the inductor current IL becomes larger. As is also stated

above, the power factor controller 10 makes the phase of alternating input current

equal to the phase of alternating input voltage after rectification in the switching power

supply circuit. Therefore, the waveform of the peak level signal S6 is approximately

similar to that of the alternating input voltage after the rectification. That is to say,

much current flows through the switching element 4 and the inductor 3 at the time of

the load being heavy and at this time the peak level signal S6 generated from the first

current level signal SI changes with greater curvature.

[0046] FIG. 4(B) illustrates the reference potential signal S7 and the second current level

signal S2 inputted to the comparator 52 and the second set pulse S8 outputted from the

set pulse generation circuit 50 as the result of comparison by the comparator 52. In

FIG. 4(B), the voltage levels of the reference potential signal S7 and the second current

level signal S2 the phases of which are approximately the same as that of the al

ternating input voltage after the rectification are compared.

[0047] As stated above, the reference potential signal S7 is obtained by level-shifting

(voltage-dividing) the peak level signal S6 outputted from the peak hold circuit 40 and

changes with greater curvature at the time of the load being heavy. In addition, the

second current level signal S2 changes in proportion to the inductor current IL which

flows through the inductor 3. This is the same with the first current level signal SI. The

second current level signal S2 differs from the first current level signal SI only in

voltage level. The switching element 4 turns off and the inductor current IL decreases.

As a result, the second current level signal S2 rises. When the second current level

signal S2 becomes equal to the reference potential signal S7, the second set pulse S8

which specifies the timing at which the switching element 4 turns on is outputted from

the comparator 52.



[0048] FIGS. 5(A) and 5(B) are waveforms indicative of the operation of the power factor

controller illustrated in FIG. 1. FIG. 5(A) are waveforms indicative of critical

operation performed at the time of the load being light. FIG. 5(B) are waveforms in

dicative of continuous operation performed at the time of the load being heavy.

[0049] FIGS. 5(A) and 5(B) illustrate the waveform of the inductor current and the voltage

waveforms of the reference potential signal S7, the second current level signal S2, and

a signal outputted from the OUT terminal with the waveform of the alternating input

voltage from the alternating power supply as reference. The phases of the reference

potential signal S7, the second current level signal S2, and the signal outputted from

the OUT terminal are approximately the same as that of the alternating input voltage.

[0050] The second current level signal S2 (zero current detection level) at the time of the

inductor current IL becoming zero, that is to say, a value L0 obtained by level-shifting

the top peak value of the inductor current detection voltage inputted to the IS terminal

of the power factor controller 10 is a constant value (= Vref2 x (R23 + R24)/(R21 +

R22 + R23 + R24)) regardless of whether the load is light or heavy. On the other hand,

the bottom peak value of the inductor current detection voltage at the time of the load

being light is a negative voltage the absolute value of which is small. Accordingly, the

bottom peak value of the reference potential signal S7 is higher than the bottom peak

value of the reference potential signal S7 illustrated in FIG. 5(B), and the minimum

value of the reference potential signal S7 is greater than the zero current detection level

L0. As a result, the second set pulse S8 is not outputted from the continuous control

setting circuit 30 at the time of the load being light. The first set pulse S9 is outputted

at the timing at which the ZCD comparator 16 detects that the inductor current IL

becomes zero, and the switching element 4 turns on. In this case, the switching element

4 changes from an off state to the on state at the timing at which the inductor current IL

becomes zero, so the critical current control method can be realized.

[0051] On the other hand, as illustrated in FIG. 5(B), the reference potential signal S7 shifts

downward with great curvature at the time of the load being heavy. At the time when

part of the reference potential signal S7 becomes smaller than the zero current

detection level L0, the second set pulse S8 is outputted prior to the first set pulse S9

from the ZCD comparator 16. Accordingly, a control method is switched from the

critical current control to the continuous current control at the time of the load being

heavy.

[0052] FIG. 6 is the waveform of the inductor current which flows in the switching power

supply circuit according to the first embodiment at the time of the load being heavy.

[0053] FIG. 6 indicates an envelope curve IEmax drawn by connecting the maximum values

of the inductor current IL and an envelope curve IEmin drawn by connecting the

minimum values of the inductor current IL. As described in FIG. 5, whether the load is



light or heavy is determined by the use of the inductor current detection voltage and

switching between the critical current control method and the continuous current

control method is performed. Therefore, it turns out that when an instantaneous value

of the envelope curve drawn by connecting the maximum values of the inductor

current IL the phase of which is approximately the same as that of the alternating input

voltage is small (that is to say, in an intermediate area between time t l 1 and time tl2

and an intermediate area between time tl2 and time tl3), the critical current control

method is used and that when an instantaneous value of the envelope curve drawn by

connecting the maximum values of the inductor current IL is large, the continuous

current control method is used. Even if the inductor 3 the magnitude of which is the

same as that of an inductor used in the conventional critical current control, switching

from the critical current control method to the continuous current control method is

performed at the time of the load being heavy. By doing so, power which can be

supplied to the load can be set to a large value and determined direct-current voltage

can be supplied to a heavier load.

[0054] FIG. 7 indicates the peak value of the inductor current which flows at the time of the

load being heavy, and also indicates, for comparison, the peak value of inductor

current in a conventional circuit using only the critical current control method.

[0055] When the load is light, the peak value of the inductor current IL is ImaxO and is small.

At this time the waveform of the inductor current IL is the same as that of the inductor

current in the conventional circuit. In the present invention, however, switching from

the critical current control method to the continuous current control method is

performed at the time of the load being heavy. With the conventional circuit the

inductor current IL the peak value Imax2 of which is large is made to flow for coping

with a heavy load. Compared with the conventional circuit, the same average current

value can be obtained even in the case of reducing the peak value of the inductor

current IL to Imaxl. This is an advantage of the present invention.

[0056] In addition, as stated above, an auxiliary winding is not needed in the present

invention. As a result, the costs of a switching power supply circuit can be reduced.

Example 2
[0057] FIG. 8 is a circuit diagram of a switching power supply circuit according to a second

embodiment. Components corresponding to those included in the switching power

supply circuit (according to the first embodiment) illustrated in FIG. 1 will be marked

with the same reference symbols and unnecessary repetitive Descriptions will be

omitted.

[0058] The switching power supply circuit illustrated in FIG. 8 includes a full-wave rectifier

1 which full-wave rectifies alternating power- supply voltage and which outputs a



pulsating current, and an inductor 3 connected to the full-wave rectifier 1. The

switching power supply circuit generates determined direct-current output voltage

from the alternating power-supply voltage and supplies it to a load. In addition, in

order to perform switching between critical operation and continuous operation

without an auxiliary winding, the switching power supply circuit on-off controls a

switching element 4 by a power factor controller 60 which differs from the con

ventional power factor controller 100 illustrated in FIG. 13.

[0059] The power factor controller 60 in this embodiment differs from the conventional

power factor controller 100 illustrated in FIG. 13 in that a level conversion circuit 20

and a continuous control setting circuit 70 are added. In addition, the power factor

controller 60 differs from the power factor controller 10 illustrated in FIG. 1 in that a

RCCM terminal is added as an external terminal for connecting an external resistor

(resistor R10). By adding the RCCM terminal, the resistance value of the resistor R10

externally connected to the power factor controller 60 can be changed to various

values. As a result, the voltage level of a reference potential signal to be set in the

continuous control setting circuit 70 can be selected arbitrarily by a user.

[0060] FIG. 9 is a circuit diagram which illustrates the concrete structure of the level

conversion circuit and the continuous control setting circuit included in the power

factor controller illustrated in FIG. 8.

[0061] The level conversion circuit 20 shifts input voltage from an IS terminal to positive

voltage the polarity of which is reverse to that of inductor current detection voltage,

converts the input voltage to three current level signals SI, S2, and S3 proportional to

inductor current IL which flows through the inductor 3, and outputs the three current

level signals SI, S2, and S3 at different voltage levels. This is the same with the

switching power supply circuit (according to the first embodiment) illustrated in FIG.

1.

[0062] The continuous control setting circuit 70 includes a peak hold circuit 40 and a set

pulse generation circuit 50. As is the same with the continuous control setting circuit

30 illustrated in FIG. 2, the set pulse generation circuit 50 generates a second set pulse

S8 which specifies the timing at which the switching element 4 turns on. That is to say,

the second set pulse S8 functions so as to change the timing at which the switching

element 4 turns on to timing before zero current detection timing at the time of the load

being heavy. The second set pulse S8 is used for switching a control method from the

critical current control to the continuous current control at the time of the load being

heavy.

[0063] The peak hold circuit 40 includes a one-shot circuit 4 1 which generates one-shot

pulses S4 and S5 synchronized with timing at which the switching element 4 turns off,

a transfer gate 42 which goes into a conducting state by the one-shot pulses S4 and S5,



and a holding circuit 43 including a resistor R7 and a capacitor C3 connected in series.

The set pulse generation circuit 50 includes an amplifier (voltage follower) 51, a re

sistance circuit including two resistors R8 and R9 connected in series, and a

comparator 52.

[0064] These components and the function are the same with the continuous control setting

circuit 30 illustrated in FIG. 2. However, the set pulse generation circuit 50 in this em

bodiment differs from the set pulse generation circuit 50 illustrated in FIG. 2 in that the

external resistor R10 can be connected to the resistance circuit including the resistors

R8 and R9 via the RCCM terminal of the power factor controller 60. The amplifier 51

amplifies (impedance-converts) a peak level signal S6 generated by the peak hold

circuit 40. An output terminal of the amplifier 51 is grounded via the resistors R8 and

R9 and the external resistor R10. Therefore, the voltage level of the reference potential

signal S7 generated by voltage-dividing an output signal from the amplifier 51 by the

resistors R8 and R9 and the external resistor R10 changes according to the resistance

value of the external resistor R10.

[0065] An inverting input terminal of the comparator 52 is connected to a point at which the

resistors R8 and R9 are connected, and the reference potential signal S7 is supplied to

the inverting input terminal of the comparator 52. The second current level signal S2 is

supplied from the level conversion circuit 20 to a non-inverting input terminal of the

comparator 52. The comparator 52 compares the voltage level of the second current

level signal S2 with that of the reference potential signal S7 and outputs the second set

pulse S8. The second set pulse S8 is inputted to a RS flip-flop 15 via an OR circuit

14b.

[0066] FIGS. 10(A) and 10(B) are views for describing the operation of the power factor

controller illustrated in FIG. 8. FIG. 10(A) is the waveform of each signal in the set

pulse generation circuit included in the continuous control setting circuit. FIG. 10(B) is

the waveform of each signal in the continuous operation of the power factor controller

performed at the time of the load being heavy.

[0067] FIG. 10(A) illustrates the reference potential signal S7 and the second current level

signal S2 inputted to the comparator 52 and the second set pulse S8 outputted from the

set pulse generation circuit 50 as the result of comparison by the comparator 52.

[0068] The reference potential signal S7 is obtained by level-shifting (voltage-dividing) the

peak level signal S6 outputted from the peak hold circuit 40 and changes with greater

curvature at the time of the load being heavy. This is the same with the continuous

control setting circuit 30 illustrated in FIG. 2. In addition, the second current level

signal S2 changes in proportion to the inductor current IL which flows through the

inductor 3 (waveforms of the second current level signal S2 and the inductor current IL

become similar). This is the same with the first current level signal SI. The second



current level signal S2 differs from the first current level signal S1 only in voltage

level. The switching element 4 turns off and the inductor current IL decreases. As a

result, the second current level signal S2 rises. When the second current level signal S2

becomes equal to the reference potential signal S7, the second set pulse S8 which

specifies the timing at which the switching element 4 turns on is outputted from the

comparator 52. The voltage level of the reference potential signal S7 the phase of

which is approximately the same as that of the alternating input voltage after recti

fication increases or decreases according to the resistance value of the external resistor

RIO.

[0069] FIG. 10(B) illustrates the waveform of the inductor current and the voltage

waveforms of the reference potential signal S7, the second current level signal S2, and

a signal outputted from an OUT terminal with the waveform of the alternating input

voltage from alternating power supply as reference. The phases of the reference

potential signal S7, the second current level signal S2, and the signal outputted from

the OUT terminal are approximately the same as that of the alternating input voltage.

[0070] As indicated in FIG. 5(A) described above, the second current level signal S2 (zero

current detection level) at the time of the inductor current IL becoming zero is a value

L0 obtained by level- shifting the top peak value of the inductor current detection

voltage, and is a constant value (= Vref2 x (R23 + R24)/(R21 + R22 + R23 + R24)) re

gardless of whether the load is light or heavy. The bottom peak value of the inductor

current detection voltage at the time of the load being light is a negative voltage the

absolute value of which is small. Accordingly, the bottom peak value of the reference

potential signal S7 is higher than the bottom peak value of the reference potential

signal S7 illustrated in FIG. 10(B), and the minimum value of the reference potential

signal S7 is greater than the zero current detection level L0 (not illustrated). As a

result, the second set pulse S8 is not outputted from the continuous control setting

circuit 70 at the time of the load being light. The first set pulse S9 is outputted at the

timing at which a ZCD comparator 16 detects that the inductor current IL becomes

zero, and the switching element 4 turns on. The switching element 4 changes from an

off state to an on state in this way at the timing at which the inductor current IL

becomes zero. If the magnitude of the load is smaller than or equal to a determined

value, then the critical current control method can be realized.

[0071] As illustrated in FIG. 10(B), the reference potential signal S7 shifts downward with

great curvature at the time of the load being heavy. At the time when part of the

reference potential signal S7 becomes smaller than the zero current detection level L0,

the second set pulse S8 illustrated in FIG. 10(A) is outputted prior to the first set pulse

S9 from the ZCD comparator 16. Accordingly, a control method is switched from the

critical current control to the continuous current control at the time of the load being



heavy. The timing at which a control method is switched from the critical current

control to the continuous current control can be changed by selecting the resistance

value of the external resistor RIO. That is to say, by setting the resistance value of the

external resistor RIO to a small value, the level of the reference potential signal S7 of

FIG. 10(B) at which the switching element 4 turns on at continuous current control

time can be lowered from the position indicated by a dashed line to the position

indicated by a solid line. Therefore, by selecting the resistance value of the external

resistor RIO connected to the power factor controller 60, a power level at which

switching from the critical current control at the time of the load being light to the

continuous current control at the time of the load being heavy can be set properly for

each power supply.

[0072] FIG. 11 illustrates the comparison result of the peak values of the inductor current at

the time of the load being heavy in the case of external resistors different in resistance

value being connected to the power factor controller illustrated in FIG. 8.

[0073] In the present invention in which switching from the critical current control method

to the continuous current control method is performed at the time of the load being

heavy, a powerful peak current Imaxl or Imax3 is made to flow through the heavy load

to cope with it. In this case, the peak value of the inductor current can be reduced by

connecting external resistors different in resistance value. That is to say, the RCCM

terminal is added as an external terminal of the power factor controller 60 and the re

sistance value of the external resistor R10 connected to the RCCM terminal is

controlled. By doing so, the rate of a reduction in the peak value of the inductor current

can be controlled (Imaxl >Imax3). When peak current is ImaxO and is weak, the load is

light. At this time the waveform of the inductor current is the same as that of inductor

current which flows in a conventional switching power supply circuit.

[0074] FIG. 12 illustrates a change in the inductor current with respect to heat generation in

the switching element.

[0075] If the resistance value of the external resistor R10 is set to a small value, the peak

value of the inductor current becomes small. However, if the peak value of the inductor

current becomes small, the amount of heat generated in the switching element

(MOSFET) 4 of the switching power supply circuit becomes large. Accordingly, a

designer of power supply can freely set the amount of heat generated in the switching

element 4 according to the specifications of the power supply by controlling the re

sistance value of the external resistor R10 externally connected to the power factor

controller 60.

Reference Signs List
[0076] 1 Full-Wave Rectifier



2, 6 Capacitor

3 Inductor

4 Switching Element (MOSFET)

5 Diode

7 Output Terminal

10, 60 Power Factor Controller

11 Error Amplifier

12 PWM Comparator

13 Oscillator

14a, 14b OR Circuit

15 RS Flip-Flop

16 ZCD Comparator

17 Timer

18 OVP Comparator

19 Comparator

20 Level Conversion Circuit

30, 70 Continuous Control Setting Circuit

40 Peak Hold Circuit

4 1 One-Shot Circuit

42 Transfer Gate

43 Holding Circuit

50 Set Pulse Generation Circuit

5 1 Amplifier

52 Comparator

C I through C4 Capacitor

R l through R9, R21 through R24 Resistor

R10 External Resistor

50 Output Signal SO from RS Flip-Flop 15

5 1 First Current Level Signal

52 Second Current Level Signal

53 Third Current Level Signal

S4, S5 One-Shot Pulse

56 Peak Level Signal

57 Reference Potential Signal

58 Second Set Pulse

59 First Set Pulse
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Claims
[Claim 1] A switching power supply circuit for supplying determined direct-

current output voltage from alternating power supply to a load, the

switching power supply circuit comprising:

a rectifying circuit which full-wave rectifies alternating power-supply

voltage to output a pulsating current;

an inductor connected to the rectifying circuit;

a switching element;

an output capacitor;

an inductor current detection circuit which detects current that flows

through the inductor and which outputs inductor current detection

voltage;

a level conversion circuit which converts the inductor current detection

voltage to a first current level signal and a second current level signal

different in voltage level;

a continuous control setting circuit which generates a reference

potential signal a phase of which is approximately the same as a phase

of full-wave rectified alternating input voltage from the first current

level signal and which compares a voltage level of the reference

potential signal with a voltage level of the second current level signal to

generate a signal that specifies timing at which the switching element

turns on; and

a zero current detection circuit which detects that current which flows

through the inductor becomes zero,

wherein the switching element turns on at the earlier timing of the

timing at which the switching element turns on and which is specified

by the continuous control setting circuit and timing at which the zero

current detection circuit detects that current which flows through the

inductor becomes zero.

[Claim 2] The switching power supply circuit according to claim 1, wherein the

level conversion circuit generates the first current level signal and the

second current level signal by shifting the inductor current detection

voltage to voltage a polarity of which is reverse to a polarity of the

inductor current detection voltage.

[Claim 3] The switching power supply circuit according to claim 1 or 2, wherein:

the inductor current detection circuit is a current detection resistor

located on a path between the rectifying circuit and the inductor and
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outputs the inductor current detection voltage which is negative from

one end of the current detection resistor; and

the level conversion circuit includes a first resistor, a second resistor,

and a third resistor connected in series between positive reference

voltage and output of the inductor current detection circuit, outputs

voltage at a point at which the first resistor and the second resistor are

connected as the first current level signal, and outputs voltage at a point

at which the second resistor and the third resistor are connected as the

second current level signal.

[Claim 4] The switching power supply circuit according to claim 1, wherein the

continuous control setting circuit includes:

a peak hold circuit which holds a voltage level of the first current level

signal at each timing at which the switching element turns off and

which generates a peak level signal; and

a set pulse generation circuit which converts a voltage level of the peak

level signal to generate the reference potential signal and which

compares the voltage level of the reference potential signal with the

voltage level of the second current level signal to generate a set pulse

that specifies the timing at which the switching element turns on.

[Claim 5] The switching power supply circuit according to claim 4, wherein the

peak hold circuit includes:

a one-shot circuit which generates one-shot pulses synchronized with

timing at which the switching element turns off;

a transfer gate to which the first current level signal is inputted and

which goes into a conducting state by the one-shot pulses; and

a holding circuit which holds the peak level signal outputted via the

transfer gate.

[Claim 6] The switching power supply circuit according to claim 4, wherein the

set pulse generation circuit includes:

an amplifier which amplifies the peak level signal generated by the

peak hold circuit to generate the reference potential signal; and

a comparator which compares the voltage level of the second current

level signal with the voltage level of the reference potential signal to

output the set pulse.

[Claim 7] A power factor controller included in a switching power supply circuit

for supplying determined direct-current output voltage from alternating

power supply to a load, the switching power supply circuit comprising:

a rectifying circuit which full-wave rectifies alternating power-supply
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voltage to output a pulsating current;

an inductor connected to the rectifying circuit;

a switching element;

an output capacitor; and

an inductor current detection circuit which detects current that flows

through the inductor and which outputs inductor current detection

voltage, the power factor controller comprising:

a level conversion circuit which converts the inductor current detection

voltage to a first current level signal and a second current level signal

different in voltage level;

a continuous control setting circuit which generates a reference

potential signal a phase of which is approximately the same as a phase

of full-wave rectified alternating input voltage from the first current

level signal and which compares a voltage level of the reference

potential signal with a voltage level of the second current level signal to

generate a signal that specifies timing at which the switching element

turns on; and

a zero current detection circuit which detects that current which flows

through the inductor becomes zero,

wherein the switching element turns on at the earlier timing of the

timing at which the switching element turns on and which is specified

by the continuous control setting circuit and timing at which the zero

current detection circuit detects that current which flows through the

inductor becomes zero.

[Claim 8] The power factor controller according to claim 7, wherein the

continuous control setting circuit includes:

a peak hold circuit which holds a voltage level of the first current level

signal at each timing at which the switching element turns off and

which generates a peak level signal;

a set pulse generation circuit which converts a voltage level of the peak

level signal to generate the reference potential signal and which

compares the voltage level of the reference potential signal with the

voltage level of the second current level signal to generate a set pulse

that specifies the timing at which the switching element turns on; and

an external terminal which is used for changing the voltage level of the

reference potential signal by a resistance value of a resistor externally

connected.
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