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CONTROL CIRCUIT OF SYNCHRONOUS
RECTIFICATION TYPE POWER SUPPLY
UNIT, SYNCHRONOUS RECTIFICATION
TYPE POWER SUPPLY UNIT AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2006-263987 filed on Sep. 28, 2006, the entire contents
of which are incorporated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] The embodiments discussed herein are directed to
a control circuit of a synchronous rectification type power
supply unit, a synchronous rectification type power supply
unit and a control method thereof.

[0004] 2. Description of the Related Art

[0005] There has been known a synchronous rectification
type power supply unit provided with a main switch device
and a rectification switch device as disclosed in, for
example, Japanese Unexamined Patent Publication No.
2004-135415. In this synchronous rectification type power
supply unit, the main switch device connected to a DC
power supply is turned ON and OFF cyclically so as to
accumulate electric power in an energy accumulating induc-
tance device and a synchronous rectification inductance
device connected parallel to the energy accumulating induc-
tance device in an ON period of the main switch device and
then the rectification switch device is turned off. Further in
this synchronous rectification type power supply unit, when
the main switch device is kept OFF, the rectification switch
device is turned ON so as to supply electric power accu-
mulated in the energy accumulating inductance device to a
load unit.

[0006] Before discharge of accumulated electric power of
the energy accumulating inductance device is completed, the
aforementioned synchronous rectification type power supply
unit completes the discharge of the accumulated electric
power of the synchronous rectification inductance device,
detects the discharge of the accumulated electric power and
turns OFF the rectification switch device before the main
switch device is turned ON. Consequently, the main switch
device and the rectification switch device are never turned
ON at the same time, thereby preventing the rectification
switch device and the like from being destroyed due to a
short-circuit current which flows if both the switches are
turned ON.

[0007] A synchronous rectification type power supply unit
100 shown in FIG. 5 comprises a main switch device FET1,
a rectification switch device FET2 and a comparator COMP
101. In this synchronous rectification type power supply unit
100, the comparator COMP 101 compares drain voltage of
the rectification switch device FET2 with grounding voltage.
The comparator COMP 101 outputs a high level signal when
the grounding voltage is higher than drain voltage of the
rectification switch device FET2. The high level signal is
inputted to a gate of the rectification switch device FET2
through an output terminal (DL1) of a control circuit 105.
Consequently, the rectification switch device FET2 is turned
ON.
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[0008] On the other hand, the comparator COMP 101
outputs a low level signal when the drain voltage of the
rectification switch device FET?2 is higher than the ground-
ing voltage. The low level signal is inputted to the gate of the
rectification switch device FET2 through the aforemen-
tioned output terminal (DL1). Consequently, the rectifica-
tion switch device FET2 is turned OFF.

SUMMARY

[0009] It is an aspect of the embodiments discussed herein
to provide a control circuit of a synchronous rectification
type power supply unit including a coil being coupled to a
connecting point between a main switch device and a
rectification switch device having an antiparallel diode
wherein the main switch device and the rectification switch
device are turned ON and OFF alternately at a constant
cycle, a detecting portion detecting a status transition of a
first signal at the connecting point changing at a constant
cycle corresponding to current flowing through the antipar-
allel diode when the main switch device is turned OFF, and
a phase difference adjusting portion adjusting the phase
difference by adjusting the output timing of the second
signal corresponding to a phase difference between the
phase of the first signal detected by the detecting portion and
the phase of the second signal generated based on the first
signal of one cycle before, wherein the rectification switch
device is turned ON corresponding to the second signal
whose output timing is adjusted by the phase difference
adjusting portion.

[0010] The above and further novel features of the inven-
tion will more fully appear from the following detailed
description when the same is read in connection with the
accompanying drawings. It is to be expressly understood,
however, that the drawings are for the purpose of illustration
only and are not intended as a definition of the limits of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram of the circuit structure of a
synchronous rectification type power supply unit according
to an embodiment;

[0012] FIG. 2 is a diagram of the circuit structure of a
phase difference detecting circuit;

[0013] FIG. 3 is a diagram of the circuit structure of a
delay circuit;
[0014] FIG. 4 is a timing chart showing an operation of the

phase difference detecting circuit; and

[0015] FIG. 5 is a diagram of the circuit structure of a
conventional synchronous rectification type power supply
unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0016] The synchronous rectification type power supply
unit described in the related art has been reduced in size
because of improvement of the switch device and the like
and employment of high frequency as the switching fre-
quency. In the above-mentioned synchronous rectification
type power supply unit 100, as the employment of high
frequency as the switching frequency is accelerated, the
switching cycle can be shortened so that the ON and OFF
operation of the main switch device FET1 and the rectifi-
cation switch device FET2 can be carried out rapidly.
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[0017] However, in the aforementioned comparator
COMP101, delay occurs in time period from the time when
the ground voltage is compared with a drain voltage of the
rectification switch device FET2 to the time when a high
level signal or a low level signal is outputted. Particularly, if
the switching cycle is shortened like the synchronous rec-
tification type power supply unit in recent years, the ratio of
the time delay in the switching cycle increases, thereby
providing a possibility that time delay may impose an
obstacle upon operation of turning the switch device ON and
OFF rapidly.

[0018] The preferred embodiments will be described with
reference to FIGS. 1-4. FIG. 1 is a diagram of the circuit
structure of a synchronous rectification type power supply
unit 10 of this embodiment. The synchronous rectification
type power supply unit 10 comprises a main switching
transistor FET1, a synchronous side switching transistor
FET2, a chalk coil L1, a capacitor C1 and a control circuit
20. The main switching transistor FET1 corresponds to a
main switch device and the synchronous side switching
transistor FET2 corresponds to a rectification switch device.
[0019] The drain of the main switching transistor FET1 is
connected to an input terminal (IN) so that DC input voltage
VIN is applied to the drain of the main switching transistor
FET1 through an input terminal (IN). The source of the main
switching transistor FET1 is connected to the drain of a
synchronous side switching transistor FET2. The source of
the synchronous side switching transistor FET?2 is connected
to the ground. A diode D is connected between the drain of
the synchronous side switching transistor FET2 and source
of the synchronous side switching transistor FET2. The
cathode of the diode D is connected to the drain of the
synchronous side switching transistor FET2 and the anode
of'the diode D is connected to the source of the synchronous
side switching transistor FET2. The diode D corresponds to
an antiparallel diode.

[0020] One end of a chalk coil L1 is connected to a
connecting point P between the source of the main switch
transistor FET1 and the drain of the synchronous side
switching transistor FET2. The other end of the chalk coil L1
is connected to an output terminal (OUT). Further, a capaci-
tor C1 is connected between an output terminal (OUT) and
ground.

[0021] A control circuit 20 corresponds to a control cir-
cuit. The control circuit 20 comprises a resistor R1, a resistor
R2, an error amplifier ERA1, a PWM comparator PWM1, a
triangular wave oscillator OSC1, a first comparator COMP1,
a phase difference detecting circuit 30, a delay circuit 40 and
a first logical AND gate circuit ANDI.

[0022] In the control circuit 20, a resistor R1 and a resistor
R2 are connected in series. The resistor R1 and the resistor
R2 are connected between an input terminal (FB1) of the
control circuit 20 and the ground. A connecting point
between the resistor R1 and the resistor R2 is connected to
an inverting input terminal of the error amplifier ERA1. A
voltage V1 obtained by dividing voltage VOUT with the
resistor R1 and resistor R2 is applied to this inverting input
terminal. A reference voltage el is applied to a non-inverting
input terminal of the error amplifier ERA1.

[0023] An output terminal (N1) of the error amplifier
ERAT1 is connected to a non-inverting input terminal of the
PWM comparator PWM1. The triangular wave oscillator
OSC1 is connected to an inverting input terminal of the
PWM comparator PWM1. Further, an output terminal (N2)
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of the PWM comparator PWM1 is connected to a gate of a
main switching transistor FET1 through an output terminal
(DH1) of the control circuit 20.

[0024] An input terminal (LX) of the control circuit 20 is
connected to the connecting point P described above. Fur-
ther, the input terminal (LX) of the control circuit 20 is
connected to an inverting input terminal of the first com-
parator COMP1 and a first input terminal (IN1) of the phase
difference detecting circuit 30 shown in FIG. 2. The non-
inverting input terminal of the first comparator COMP1 is
connected to the ground. The output terminal (N3) of the
first comparator COMP1 is connected to the delay circuit 40
shown in FIG. 3. An output terminal (OUT3) of the delay
circuit 40 is connected to a first input of the first logical AND
gate circuit ANDI1 and a second input terminal (IN2) of the
phase difference detecting circuit 30. An output terminal
(OUT2) of the phase difference detecting circuit 30 is
connected to a second input of the first logical AND gate
circuit AND 1 and an output of the first logical AND gate
circuit AND1 is connected to a gate of the synchronous side
switching transistor FET2 through an output terminal (DL1)
of the control circuit 20. An output terminal (OUT1) of the
phase difference detecting circuit 30 is connected to an input
terminal (IN3) of the delay circuit 40.

[0025] Next, the structures of the aforementioned phase
difference detecting circuit 30 and the delay circuit 40 will
be described with reference to FIGS. 2, 3. As shown in FIG.
2, the phase difference detecting circuit 30 comprises a
signal generating circuit 31, a voltage adjusting circuit 32, a
voltage supply circuit 33, a second logical AND gate circuit
2 and a D flip-flop circuit 34.

[0026] The signal generating circuit 31 comprises a first
latch circuit 31A, a second latch circuit 31B, a plurality of
NAND gate circuits NAND1-NANDS, and a plurality of
inverters 31C-31E. An input of the inverter 31C is connected
to the first input terminal (IN1) described above. An output
of'the inverter 31C is connected to a first input of the NAND
gate circuit NANDI1 and an output of the NAND gate circuit
NAND1 is connected to a first input of the first latch circuit
31A, and a first input of 3-input NAND gate circuit NAND2
and a first input of 4-input NAND gate circuit NAND3. An
output of the first latch circuit 31A is connected to a second
input of the 3-input NAND gate circuit NAND2 and a
second input of the 4-input NAND gate circuit NAND3.
[0027] An output of the 4-input NAND gate circuit
NANDS3 is connected to a third input of the 3-input NAND
gate circuit NAND 2 and a third input of the 3-input NAND
gate circuit NANDS. Further, an output of the 4-input
NAND gate circuit NAND3 is connected to a second input
of'the first latch circuit 31A and a second input of the second
latch circuit 31B.

[0028] An output of the 3-input NAND gate circuit
NAND2 is connected to a second input of the NAND gate
circuit NAND1 and a gate of a PMOS transistor M1 pro-
vided in the voltage adjusting circuit 32.

[0029] An input of an inverter 31D is connected to the
second input terminal (IN2) described above. An output of
the inverter 31D is connected to a first input of the NAND
gate circuit NAND4 and an output of the NAND gate circuit
NAND4 is connected to a first input of the second latch
circuit 31B and a fourth input of the 4-input NAND gate
circuit NAND3 and a first input of the 3-input NAND gate
circuit NANDS. An output of the second latch circuit 31B is
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connected to a third input of the 4-input NAND gate circuit
NAND3 and a second input of the 3-input NAND gate
circuit NANDS.

[0030] An output of the 3-input NAND gate circuit
NANDS is connected to an input of the inverter 31E and a
second input of the NAND gate circuit NAND4, and an
output of the inverter 31E is connected to a gate of an NMOS
transistor M2 provided in the voltage adjusting circuit 32.
[0031] The voltage adjusting circuit 32 has the PMOS
transistor M1 and the NMOS transistor M2. A source of the
PMOS transistor M1 is connected to a power supply voltage
Vdd. A drain of the PMOS transistor M1 is connected to a
drain of the NMOS transistor M2. A source of the NMOS
transistor M2 is connected to the ground. Further, the drain
of the PMOS transistor M1 and the drain of the NMOS
transistor M2 are connected to one end of the resistor R1
provided in the voltage supply circuit 33.

[0032] The voltage supply circuit 33 is constituted of an
integration circuit and comprises a resistor R1 and a capaci-
tor C2. The other end of the resistor R1 is connected to an
output terminal (OUT1). The capacitor C2 is connected
between the output terminal (OUT1) and the ground.
[0033] A non-inverting input of the second logical AND
gate circuit AND2 is connected to an output of the 3-input
NAND gate circuit NAND2. An inverting input of the
second logical AND gate circuit AND2 is connected to an
output of the inverter 31E. An output of the second logical
AND gate circuit AND2 is connected to an input terminal D
of the D flip-flop circuit 34. A second input terminal (IN2)
of the phase difference detecting circuit 30 is connected to
a clock terminal CK of the D flip-flop circuit 34. An output
terminal Q of the D-flip flop circuit 34 is connected to an
output terminal (OUT2) of the phase difference detecting
circuit 30.

[0034] As shown in FIG. 3, the delay circuit 40 comprises
a delay time control circuit 41 and a delay time generating
circuit 42. The delay time control circuit 41 comprises a
resistor R11, an NMOS transistor M11, an NMOS transistor
M12, a PMOS transistor M13 and a PMOS transistor M14.
One end of the resistor R11 is connected to an input terminal
(IN3) of the delay circuit 40. The other end of the resistor
R11 is connected to a drain of the NMOS transistor M11. A
source of the NMOS ftransistor M1 is connected to the
ground.

[0035] Inthe NMOS transistor M11, its gate and drain are
short-circuited. A gate of the NMOS transistor M11 is
connected to a gate of the NMOS transistor M12. The source
of'the NMOS transistor M12 is connected to the ground. The
NMOS transistor M11 and the NMOS transistor M12 con-
stitute a current mirror circuit.

[0036] Respective sources of the PMOS transistor M13
and PMOS transistor M14 are connected to a power supply
voltage Vdd. A gate of the PMOS transistor M13 is con-
nected to a gate of the PMOS transistor M14. In the PMOS
transistor M13, its gate and drain are short-circuited. A drain
of the PMOS transistor M13 is connected to a drain of the
NMOS transistor M12. The NMOS transistor M13 and the
NMOS transistor M14 constitute a current mirror circuit.
[0037] The delay time generating circuit 42 comprises a
constant current circuit CG, an NMOS transistor M15, an
inverter 42A, a capacitor C3 and a second comparator
COMP2. The constant current circuit CG is connected to the
power supply voltage Vdd. A drain of the NMOS transistor
M15 is connected to the constant current circuit CG and a
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drain of the aforementioned PNOS transistor M14. A gate of
the NMOS transistor M15 is connected to an output terminal
(N3) of the first comparator COMP1 provided in the control
circuit 20 through an inverter 42A and a source of the
NMOS transistor M15 is connected to the ground.

[0038] One end of the capacitor C3 is connected to the
constant current circuit CG and a drain of the PMOS
transistor M14 provided in the delay time control circuit 41.
A non-inverting input terminal of the second comparator
COMP2 is connected to one end of the capacitor C3 and the
other end of the capacitor C3 is connected to the ground. On
the other hand, a reference voltage VREF is applied to an
inverting input terminal of the second comparator COMP2.
An output terminal (N4) of the second comparator COMP2
is connected to a first input of the first logical AND gate
AND1 provided in the control circuit 20 through an output
terminal (OUT3) of the delay circuit 40.

[0039] Subsequently, an operation of the synchronous
rectification type power supply unit 10 of this embodiment
will be described. When the synchronous rectification type
power supply unit 10 shown in FIG. 1 controls the main
switching transistor FET1 and the synchronous side switch-
ing transistor FET2 alternately to turn ON and OFF, it
supplies the output voltage VOUT to a load circuit con-
nected to the output terminal (OUT). The synchronous
rectification type power supply unit 10 of this embodiment
can control the output voltage VOUT to an objective voltage
value corresponding to the DC input voltage VIN by chang-
ing the ratio (duty ratio) of ON time TON of a PWM signal
to a cycle.

[0040] The relation between the DC input voltage VIN
and output voltage VOUT is expressed as indicated in a
following expression.

VOUT={TON/(TON+7OFF) }xVIN

where TON/(TON+TOFF): duty ratio

[0041] The error amplifier ERA1 compares the voltage V1
with the reference voltage el and outputs the error amplifier
output voltage VOP to the PWM comparator PWM1. The
error amplifier output voltage VOP is obtained by error-
amplifying the voltage V1 with respect to the reference
voltage el. To use the value of the output voltage VOUT as
an object voltage value, the value of the reference voltage el
is set to the same value as the value of the voltage V1 to be
applied to the inverting input terminal of the error amplifier
ERAL.

[0042] The triangular wave oscillator OSC1 outputs the
triangular wave signal VS to the PWM comparator PWMI.

[0043] The error amplifier output voltage VOP is inputted
to a non-inverting input terminal of the PWM comparator
PWM1 and the triangular wave signal VS is inputted to the
inverting input terminal of the PWM comparator PWM1.
The PWM comparator PWM1 compares the error amplifier
output voltage VOP with the voltage value of the triangular
wave signal VS.

[0044] When the error amplifier output voltage VOP is
higher than the voltage value of the triangular wave signal
VS, the PWM comparator PWM1 outputs a high level PWM
signal from the output terminal (DH1). Contrary to this, if
the error amplifier output voltage VOP is lower than the
voltage value of the triangular wave signal VS, the PWM
comparator PWM1 outputs a low level PWM signal from
the output terminal (DH1).
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[0045] If the voltage V1 is lower than the reference
voltage el, the error amplifier output voltage VOP is
increased so that a period (TON) in which the PWM signal
becomes high level is prolonged. As a result, the duty ratio
is increased so that the output voltage VOUT is raised.
Contrary to this, if the voltage V1 is higher than the
reference voltage el, the error amplifier output voltage VOP
is decreased so that the period (TOFF) in which the PWM
signal becomes low level is prolonged. Consequently, the
duty ratio is decreased and the output voltage VOUT drops.
[0046] In the synchronous rectification type power supply
unit 10 of this embodiment, a delay signal FP is generated
by delaying the input signal FR of one cycle before to be
inputted to the input terminal (LX) by the delay circuit 40,
and the delay signal FP1 is outputted through the first logical
AND gate circuit AND1. Further, in this synchronous rec-
tification type power supply unit 10, the phase difference
detecting circuit 30 compares the phase of the input signal
FR with the phase of the delay signal FP and generates a
control voltage VC corresponding to the phase difference
between the phase of the input signal FR and the phase of the
delay signal FP. The control voltage VC corresponds to the
control voltage. Additionally, if the phase difference detect-
ing circuit 30 detects that the phases of the input signal FR
and the phase of the delay signal FP agree, it outputs a phase
confirmation signal LOCK. The phase confirmation signal
LOCK corresponds to the phase confirmation signal.
[0047] In the phase difference detecting circuit 30, as
shown in FIG. 2, the input signal FR is inputted to the first
input terminal (IN1) and the delay signal FP is inputted to
the second input terminal (IN2). The control voltage VC is
outputted from the output terminal (OUT1). The input signal
FR is supplied to a first input of the NAND gate circuit
NAND1 through the inverter 31C. The delay signal FP is
supplied to a first input of the NAND gate circuit NAND4
through the inverter 31D.

[0048] An output of the NAND gate circuit NANDI is
supplied to a first input of the first latch circuit 31A. Further,
an output of the NAND gate circuit NANDI is supplied to
a first input of the 3-input NAND gate circuit NAND2 and
a first input of the 4-input NAND gate circuit NAND3.
Further, an output of the first latch circuit 31A is supplied to
a second input of the 3-input NAND gate circuit NAND2
and a second input of the 4-input NAND gate circuit
NAND3.

[0049] An output of the NAND gate circuit NAND4 is
supplied to a first input of the second latch circuit 31B.
Further, an output of the NAND gate circuit NAND4 is
supplied to a fourth input of the 4-input NAND gate circuit
NAND3 and a first input of the 3-input NAND gate circuit
NANDS. Further, an output of the second latch circuit 31B
is supplied to a third input of the 4-input NAND gate circuit
NAND3 and a second input of the 3-input NAND gate
circuit NANDS.

[0050] An output of the 4-input NAND gate circuit
NAND3 is supplied to a third input of the 3-input NAND
gate circuit NAND2 and a third input of the 3-input NAND
gate circuit NANDS. Further, an output of the 4-input
NAND gate circuit NAND3 is supplied to a second input of
the first latch circuit 31A and a second input of the second
latch circuit 31B.

[0051] An output of the 3-input NAND gate circuit
NAND2 is supplied to a second input of the NAND gate
circuit NAND1 and a gate of the PMOS transistor M1.
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Further, an output of the 3-input NAND gate circuit NANDS
is supplied to the inverter 31 and a second input of the
NAND gate circuit NAND4. Then, an output of the inverter
31E is supplied to a gate of the NMOS transistor M2.

[0052] FIG. 4 is a timing chart showing an operation of the
phase difference detecting circuit 30. The phase difference
detecting circuit 30 detects a difference between the phase of
the input signal FR and the phase of the delay signal FP and
performs an operation described below corresponding to the
detected phase difference. The phase difference detecting
circuit 30 corresponds to the phase difference detecting
portion because it detects a difference between the phase of
the input signal FR and the phase of the delay signal FP.
Additionally, detecting of the difference between the phase
of the input signal FR and the phase of the delay signal FP
corresponds to the phase difference detecting step. In the
meantime, (1) in FIG. 4 indicates the quantity of phase delay
of'the delay signal FP and (2) indicates the quantity of phase
advance of the delay signal FP.

[0053] If the phase difference detecting circuit 30 detects
that the phase of the delay signal FP is delayed with respect
to the phase of the input signal FR, it acts as follows. The
signal generating circuit 31 shown in FIG. 2 changes a signal
@®P which is an output signal of the 3-input NAND gate
circuit NAND?2 at a timing (t1 and t3 in FIG. 4) of a leading
edge of the input signal FR to a low level and outputs the
signal ®P to a gate of the PMOS transistor M1. When the
signal ®P is at low level, the PMOS transistor M1 is turned
ON and the voltage adjusting circuit 32 supplies a current to
the voltage supply circuit 33. The signal DO in FIG. 4
indicates a current supplied to the voltage supply circuit 33
and when the signal DO is at level 2, it indicates that a
current is supplied to the voltage supply circuit 33.

[0054] When a current is supplied to the voltage supply
circuit 33, voltage on both ends of the capacitor C2 rises as
time elapses so that the control voltage VC rises. As shown
in FIG. 3, the control voltage VC is applied to the delay
circuit 40 through the input terminal (IN3). Because if the
signal ®P continues a state of low level, the control voltage
VC rises as described above so that the quantity of phase
delay of the delay signal FP can be reduced as described
later, the continuous state of low level signal ®P corresponds
to the adjustment state of the quantity of delay. Contrary to
this, because if the signal ®P does not continue the state of
low level, the quantity of phase delay of the delay signal FP
is not changed, the non-continuous state of low level signal
@P corresponds to the non-adjustment state of the quantity
of delay.

[0055] After that, the signal generating circuit 31 changes
the signal ®P to high level at the timing (12 and t4 in FIG.
4) of a leading edge of the delay signal FP and outputs the
signal ®P to a gate of the PMOS transistor M1. When the
signal ®P is at high level, the PMOS transistor M1 is turned
OFF and the voltage adjusting circuit 32 stops supply of
current to the voltage supply circuit 33. When the signal DO
in FIG. 4 is at level 1, it indicates a state in which no current
is supplied to the voltage supply circuit 33. In the meantime,
because when the phase difference detecting circuit 30
detects that the phase of the delay signal FP is delayed with
respect to the phase of the input signal FR, the signal ®P of
low level is outputted from the signal generating circuit 31,
the signal ®P corresponds to the phase delay detecting
signal.
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[0056] If the phase difference detecting circuit 30 detects
that the phase of the delay signal FP is advanced with respect
to the phase of the input signal FR, it acts as follows. The
signal generating circuit 31 changes the signal ®R which is
an output signal of the inverter 31E to high level at a timing
(t6 and t8 in FIG. 4) of a leading edge of the delay signal FP
and outputs the signal ®R to the gate of the NMOS transistor
M2. When the signal ®R is at high level, the NMOS
transistor M2 is turned ON so that the capacitor C2 is
discharged and current flows to the ground through the
resistor R1 and the NMOS transistor M2 of the voltage
supply circuit 33. When the signal DO is at level 3, it
indicates a state in which after current flows from the voltage
supply circuit 33 to the voltage adjusting circuit 32, that
current flows to the ground.

[0057] When the capacitor C2 is discharged and current
flows to the ground, voltage at both ends of the capacitor C2
drops as time elapses so that the control voltage VC applied
to the delay circuit 40 drops. Because if the signal ®R
continues the state of high level, the control voltage VC
drops as described above and the quantity of phase advance-
ment of the delay signal FP can be reduced as described
later, the continuous state of high level signal ® R corre-
sponds to the adjustment state of the quantity of advance-
ment. Contrary to this, because when the signal ®R does not
continue the state of high level, the quantity of phase
advancement of the delay signal FP is not changed, the
non-continuous state of high level signal ®R corresponds to
the non-adjustment state of the quantity of advancement.
[0058] After that, the signal generating circuit 31 changes
the signal ®R to low level at a timing (t7 and t9 in FIG. 4)
of'aleading edge of an input signal FR and outputs the signal
@R to a gate of the NMOS transistor M2. When the signal
®R is at low level, the NMOS transistor M2 is turned OFF
and no current flows to the ground through the resistor R1
and NMOS transistor M2 of the voltage supply circuit 33. In
the meantime, because when the phase difference detecting
circuit 30 detects that the phase of the delay signal FP is
advanced with respect to the phase of the input signal FR,
the signal ®R of high level is outputted from the signal
generating circuit 31, the signal ®R corresponds to the phase
advancement detecting signal.

[0059] If the phase difference detecting circuit 30 detects
that the phase of the delay signal FP agrees with the phase
of the input signal FR, it acts as follows. At a time in which
the timing of the leading edge of the input signal FR agrees
with the leading timing of the delay signal FP (t5 in FIG. 4),
the voltage adjusting circuit 32 does not supply current to the
voltage supply circuit 33. In the meantime, because at the
time t5, the signal ®P does not continue the state of low level
and the signal ®R does not continue the state of high level,
the time t5 corresponds to the non-adjustment state of the
quantity of delay and the non-adjustment state of the quan-
tity of advancement.

[0060] When the phase difference detecting circuit 30
detects that the phase of the delay signal FP agrees with the
phase of the input signal FR, the D flip-flop circuit 34 acts
as follows. The signal ®P of high level is inputted to the
non-inverting input of the second logical AND gate circuit
AND?2 and the signal ®R of low level is inputted to the
inverting input of the second logical AND gate AND2. At
this time, the second logical AND gate circuit AND2 outputs
a high level signal. The high level signal is inputted to the
input terminal D of the D flip-flop circuit 34. In the mean-
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time, the high level signal corresponds to the logical AND
signal. In the meantime, the D flip-flop circuit 34 corre-
sponds to the D flip-flop and the input terminal D corre-
sponds to the input terminal of the D flip-flop.

[0061] The delay signal FP is inputted to the clock termi-
nal CK of the D flip-flop circuit 34. The clock terminal CK
corresponds to the clock input terminal of the D flip-flop. If
the delay signal FP is inputted to the clock terminal CK of
the D flip-flop circuit 34, the phase confirmation signal
LOCK of high level is outputted from the output terminal Q.
[0062] The signal generating circuit 31 corresponds to the
signal generating portion because as described above, it
outputs the signal ®P of low level when the phase of the
delay signal FP is delayed with respect to the phase of the
input signal FR and when the phase of the delay signal FP
is advanced with respect to the phase of the input signal FR,
the signal ®R of high level is outputted. Outputting the
signal ®P of low level when the phase of the delay signal FP
is delayed with respect to the phase of the input signal FR
corresponds to phase delay detecting signal generating step
and outputting the signal ®R of high level when the phase
of the delay signal FP is advanced with respect to the phase
of the input signal FR corresponds to phase advancement
detecting signal generating step.

[0063] When the signal ® P is at low level (in the
adjustment condition of the quantity of delay) and the signal
@R is at low level (in the non-adjustment condition of the
quantity of advancement), the voltage adjusting circuit 32
turns ON the PMOS transistor M1 and turns OFF the NMOS
transistor M2 so as to raise the control voltage VC and when
the signal ®P is at high level (in the non-adjustment con-
dition of the quantity of delay) and the signal ®R is at high
level (in the adjustment condition of the quantity of
advancement), it turns OFF the PMOS transistor M1 and
turns ON the NMOS transistor M2 so as to lower the control
voltage. Thus, the voltage adjusting circuit 32 corresponds
to the control voltage adjusting portion because it raises or
lowers the control voltage VC corresponding to the level of
the respective signals @ P and ® R. Raising or lowering the
control voltage VC corresponding to the level of the respec-
tive signals ®P and @R corresponds to the voltage adjusting
step.

[0064] As described above, when the signal ®P is at low
level (in the adjustment condition of the quantity of delay)
and the signal ®R is at low level (in the non-adjustment
condition of the quantity of the advancement), the voltage
supply circuit 33 turns ON the PMOS ftransistor M1 and
turns OFF the NMOS transistor M2 so as to raise the control
voltage VC and apply the control voltage VC to the delay
circuit 40. When the signal ®P is at high level (in the
non-adjustment condition of the quantity of delay) and the
signal @R is at high level (in the adjustment condition of the
quantity of advancement), the voltage supply circuit 33 turns
OFF the PMOS transistor M1 and turns ON the NMOS
transistor NMOS transistor M2 so as to lower the control
voltage and apply the control voltage VC to the delay circuit
40. Therefore, the voltage supply circuit 33 corresponds to
the control voltage supply portion because it raises or lowers
the control voltage VC corresponding to the level of the
respective signals ®P and ®R and applies the control
voltage VC to the delay circuit 40. Further, generating the
control voltage VC corresponding to the level of the respec-
tive signals ®P and ® R corresponds to the voltage gener-
ating step.
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[0065] The delay circuit 40 acts as follows corresponding
to the control voltage VC applied by the voltage supply
circuit 33. In the delay time control circuit 41, a current
mirror circuit is constituted of an NMOS transistor M11 and
an NMOS transistor M12 and current 12 flowing into the
drain of the NMOS transistor M11 is outputted from the
drain of the NMOS transistor M12.

[0066] Inthe delay time control circuit 41, a current mirror
circuit is constituted of a PMOS transistor M13 and a PMOS
transistor M14 and current 12 flowing into the drain of the
NMOS transistor M12 is outputted from the drain of the
PMOS transistor M14.

[0067] The delay time generating circuit 42 can charge the
capacitor C3 with current I1 outputted from the constant
current circuit CG and current 12 outputted from the delay
time control circuit 41.

[0068] As understood from FIG. 1, when the main switch-
ing transistor FET1 is turned OFF, current I3 flows from the
diode D to the chalk coil L1 so that the voltage at the
connecting point P becomes lower than the ground voltage.
When the voltage at the connecting point P becomes lower
than the ground voltage, the first comparator COMP1 out-
puts the comparison signal S of high level from the output
terminal (N3) to the delay circuit 40. The first comparator
COMP1 corresponds to the detecting portion because it
detects that when the transistor FET1 is turned OFF, the
voltage at the connecting point P is changed and lowered
with respect to the ground voltage. Further, detecting that the
voltage at the connecting point P is changed and lowered
with respect to the ground voltage corresponds to the
detecting step. In the meantime, the signal FR indicates a
signal which shows a change in the voltage at the connecting
point P and corresponds to the first signal.

[0069] As shown in FIG. 3, the signal S of high level is
inputted to the gate of the NMOS transistor M15 through the
inverter 42A. Consequently, a low level signal is inputted to
the gate of the NMOS transistor M15 so that the NMOS
transistor M15 is turned OFF.

[0070] If the NMOS transistor M15 is turned OFF, the
capacitor C3 is charged with the current 11 and the current
12. Consequently, the voltage at both ends of the capacitor
C3 is raised. If the voltage at both ends of the capacitor C3
becomes higher than the reference voltage VREF, the second
comparator COMP2 outputs the delay signal FP of high
level to a first input of the first logical AND gate circuit
AND1 and a second input terminal (IN2) of the phase
difference detecting circuit 30 from the output terminal (N4)
through the output terminal (OUT3). Because the first com-
parator COMP1 compares a voltage at the connecting point
P of one cycle before with the ground voltage and the
comparison signal S controls the NMOS transistor M15 of
the delay time generating circuit 42 to turn ON and OFF so
that the delay signal FP is outputted by the second com-
parator COMP2 of the delay time generating circuit 42, the
delay signal FP corresponds to the second signal.

[0071] The phase difference detecting circuit 30 compares
the phase of the input signal FR inputted from the first input
terminal (IN1) with the phase of the delay signal FP inputted
from the second input terminal (IN2) as described above. If
the phase difference detecting circuit 30 detects that the
phase of the delay signal FP is delayed with respect to the
phase of the input signal FR, it raises the control voltage VC
(see FIG. 2) and increases the current 12 (see FIG. 3) flowing
through the delay time control circuit 41. Consequently, a
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time in which voltage at both ends of the capacitor C3
becomes higher than the reference voltage VREF is short-
ened so as to accelerate a timing in which the delay circuit
40 outputs the delay signal FP of high level. Then, the
quantity of delay of the phase of the delay signal FP shown
in FIG. 4 ((1) in the Figure) is reduced and adjusted so that
the phase of the delay signal FP agrees with the phase of the
input signal FR.

[0072] On the other hand, when the phase difference
detecting circuit 30 detects that the phase of the delay signal
FP is advanced with respect to the phase of the input signal
FR, as described above, it lowers the control voltage VC so
as to reduce the current 12 flowing through the delay time
control circuit 41. Consequently, a time in which the voltage
at both ends of the capacitor C3 becomes higher than the
reference voltage VREF is prolonged and a timing in which
the delay circuit 40 outputs the delay signal FP of high level
is delayed. Then, the quantity of the advancement of the
phase of the delay signal FP ((2) in FIG. 4) is reduced and
adjusted so that the phase of the delay signal FP agrees with
the phase of the input signal FR.

[0073] If the phase difference detecting circuit 30 detects
that the phase of the delay signal FP agrees with the phase
of the input signal FR, as described above, the D flip-flop
circuit 34 outputs the phase difference confirmation signal
LOCK of high level to the second input of the first logical
AND gate circuit AND1 and the phase difference confirma-
tion signal LOCK of high level is inputted to the second
input of the first logical AND gate ANDI1.

[0074] When the phase difference confirmation signal
LOCK of high level is inputted to the second input of the
first logical AND gate circuit AND1, the delay signal FP of
high level is inputted to the first input of the first logical
AND gate circuit AND1. If the phase difference confirma-
tion signal LOCK is inputted to the second input, the first
logical AND gate circuit AND1 passes the delay signal FP
and outputs the delay signal FP1 to the gate of the synchro-
nous side switching transistor FET2 through the output
terminal (DL1) of the control circuit 20. Consequently, the
synchronous side switching transistor FET2 is turned ON.
The first logical AND gate circuit ANDI1 corresponds to the
second signal output portion because it outputs the delay
signal FP1 synchronous with the delay signal FP to the gate
of the synchronous side switching transistor FET2 under a
condition that the phase difference confirmation signal
LOCK is inputted therein.

[0075] The phase difference detecting circuit 30 and the
delay circuit 40 correspond to the phase difference adjusting
portion because as described above, they reduce the quantity
of the delay of phase or the advancement of phase of the
delay signal FP by changing a timing for outputting the
delay signal FP of high level so that the phase of the delay
signal FP agrees with the phase of the input signal FR.
Furthermore, the step of reducing the quantity of the delay
or the advancement of the delay signal FP by changing the
timing for outputting the delay signal FP of high level so that
the phase of the delay signal FP agrees with the phase of the
input signal FR corresponds to the phase difference adjust-
ing step.

[0076] The delay circuit 40 corresponds to the delay
portion because it changes a timing in which the second
comparator COMP2 outputs the delay signal FP of high
level corresponding to the applied control voltage VC as
described above. Further, changing the timing in which the
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second comparator COMP2 outputs the delay signal FP of
high level corresponding to the control voltage VC corre-
sponds to the delay step. The capacitor C3 in FIG. 4
corresponds to the capacitor provided in the delay portion.
The delay time control circuit 41 corresponds to the current
supply portion because it outputs the current 12 correspond-
ing to the control voltage VC to the capacitor C3 so as to
change the voltage at both ends of the capacitor C3. The
second comparator COMP2 corresponds to the voltage
comparing portion because it compares the voltages at both
ends of the capacitor C3 with the reference voltage VREF
and outputs the delay signal FP of high level from the output
terminal (N4) when the voltage at both ends of the capacitor
C3 becomes higher than the reference voltage VREF.

[0077] In the synchronous rectification type power supply
unit 10 and its control circuit 20 of this embodiment, the
phase difference detecting circuit 30 outputs the control
voltage VC to the delay circuit 40 corresponding to a phase
difference between the phase of the input signal FR detected
by the first comparator COMP1 and the phase of the delay
signal FP obtained by delaying the input signal FR of one
cycle before. After that, the delay circuit 40 increases or
decreases the current 12 flowing through the delay time
control circuit 41 corresponding to the applied control
voltage VC so as to change a time in which the voltage at
both ends of the capacitor C3 becomes higher than the
reference voltage VREF in order to adjust the output timing
of'the delay signal FP. Consequently, the timing in which the
delay circuit 40 outputs the delay signal FP to the phase
difference detecting circuit 30 can be brought close to the
timing in which the phase difference detecting circuit 30
detects the input signal FR, so that the delay signal FR can
be converted to a signal having a small phase difference with
respect to the input signal FR.

[0078] In the synchronous rectification type power supply
unit 10 of this embodiment and its control circuit 20, when
the synchronous side switching transistor FET2 is turned
ON by the phase difference detecting circuit 30 and the delay
circuit 40 corresponding to the delay signal FP1 synchro-
nous with the delay signal FP whose output timing is
adjusted, the timing of turning ON the synchronous side
switching transistor FET2 can be brought close to a timing
in which the phase difference detecting circuit 30 detects the
input signal FR when the main switching transistor FET1 is
turned OFF. Consequently, a delay of time from detection of
the input signal FR to turning ON of the synchronous side
switching transistor FET2 can be reduced. According to this
embodiment, even if high frequency is employed as the
switching frequency of both the transistors FET1 and FET2,
both the transistors FET1 and FET2 can be turned ON and
OFF rapidly by reducing the ratio of time delay in the
switching cycle of the transistor by reducing the delay of
time period from the time when the main switching transis-
tor FET1 is turned OFF to the time when the synchronous
side switching transistor FET2 is turned ON.

[0079] Further, according to the synchronous rectification
type power supply unit 10 of this embodiment and its control
circuit 20, if the timing in which the synchronous side
switching transistor FET2 is turned ON is brought close to
the timing in which the phase difference detecting circuit 30
detects the input signal FR when the main switching tran-
sistor FET1 is turned OFF, the time in which current flows
to the diode D connected between the drain and source of the
synchronous side switching transistor FET2 after the main
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switching transistor FET1 is turned OFF is shortened, so that
current can be supplied to the synchronous side switching
transistor FET2. Then, power loss occurred when current
flows to the diode D can be reduced.

[0080] According to the control method of the synchro-
nous rectification type power supply unit 10 of this embodi-
ment, the control voltage VC is outputted to the delay circuit
40 corresponding to a phase difference between the phase of
the input signal FR and the phase of the delay signal FP
obtained by delaying the input signal FR of one cycle before.
After that, according to the control method of this embodi-
ment, the current 12 flowing through the delay time control
circuit 41 is increased or decreased corresponding to the
control voltage VC so as to change a time in which the
voltage at both ends of the capacitor C3 becomes higher than
the reference voltage VREF in order to adjust the output
timing of the delay signal FP. As a consequence, the timing
of outputting the delay signal FP can be brought close to the
timing of detecting the input signal FR, so that the delay
signal FP can be converted to a signal having a smaller phase
difference with respect to the input signal FR.

[0081] According to the control method of the synchro-
nous rectification type power supply unit of this embodi-
ment, if the synchronous side switching transistor FET2 is
turned ON corresponding to the delay signal FP1 synchro-
nous with the delay signal FP whose output timing is
adjusted, the timing in which the synchronous side switch-
ing transistor FET?2 is turned ON can be brought close to the
timing of detecting the input signal FR when the main
switching transistor FET1 is turned OFF, so that the delay of
time period from the time when the input signal FR is
detected to the time when the synchronous side switching
transistor FET2 is turned ON is shortened. Then, according
to the control method of this embodiment, even if high
frequency is employed as the switching frequency of both
the transistors FET1 and FET2, the transistors FET1 and
FET2 can be turned ON and OFF rapidly and the ratio of the
time delay in the switching cycle of the transistor can be
reduced by reducing the delay of time period from the time
when the main switching transistor FET2 is turned OFF to
the time when the synchronous side switching transistor
FET2 is turned ON.

[0082] According to the control method of the synchro-
nous rectification type power supply unit of this embodi-
ment, if the timing in which the synchronous side switching
transistor FET2 is turned ON is brought close to the timing
of detecting the input signal FR when the main switching
transistor FET1 is turned OFF, time in which current flows
to the diode D connected between the drain and source of the
synchronous side switching transistor FET2 after the main
switching transistor FET1 is turned OFF is shortened, so that
current can be supplied to the synchronous side switching
transistor FET2. Then, power loss occurred when current
flows to the diode D can be reduced.

[0083] In the synchronous rectification type power supply
unit 10 of this embodiment and its control circuit 20, if the
delay circuit 40 increases or decreases the current 12 flowing
through the delay time control circuit 41 corresponding to
the applied control voltage VC so as to change the timing of
outputting the delay signal FP, the phase of the delay signal
FP is changed so that the quantity of the delay of the phase
of the delay signal FP ((1) in FIG. 4) or the quantity of the
advancement of the phase of the delay signal FP ((2) in FIG.
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4) is reduced and therefore, the phase difference between the
phase of the delay signal FP and the phase of the input signal
FR can be reduced.

[0084] Further, in the synchronous rectification type
power supply unit 10 of this embodiment and its control
circuit 20, if the phase difference detecting circuit 30 detects
a phase difference repeatedly between the phase of the delay
signal FP whose timing of being outputted from the delay
circuit 40 is changed and the phase of the input signal FR,
as for the detection result, the phase difference is further
reduced, so that the delay circuit 40 reduces the quantity of
the phase delay or the quantity of the phase advancement
corresponding to the control voltage VC which is changed
based on the detection result and consequently, the phase
difference between the phase of the delay signal FP and the
phase of the input signal FR can be kept in a state of being
reduced.

[0085] According to the control method of the synchro-
nous rectification type power supply unit 10 of this embodi-
ment, the control voltage VC is outputted corresponding to
the phase difference between the phase of the input signal
FR and the phase delay signal FP which delays the input
signal FR of one cycle before. Then, according to the control
method of this embodiment, if the current 12 flowing through
the delay time control circuit 41 is increased or decreased
corresponding to the control voltage VC so as to change the
timing of outputting the delay signal FP, the phase of the
delay signal FP is changed and the quantity of the phase
delay of the delay signal FP or the quantity of the phase
advancement of the delay signal FP is reduced, and conse-
quently, the phase difference between the phase of the delay
signal FP and the phase of the input signal FR can be kept
in a state of being reduced.

[0086] According to the control method of the synchro-
nous. rectification type power supply unit 10 of this embodi-
ment, if the phase difference between the phase of the delay
signal FP whose timing of being outputted from the delay
circuit 40 is changed and the phase of the input signal FR is
detected repeatedly, as for the detection result, the phase
difference is further reduced, so that the quantity of the phase
delay or the quantity of the phase advancement is reduced
corresponding to the control voltage VC which is changed
based on the detection result and consequently, a state of
reducing the phase difference between the phase of the delay
signal FP and the phase of the input signal FR can be
continued.

[0087] In the synchronous rectification type power supply
unit 10 of this embodiment and its control circuit 20, in order
to reduce the quantity of the phase delay of the delay signal
FP, and to reduce the quantity of the phase advancement of
the delay signal FP by means of the voltage supply circuit
33, the control voltage VC whose value is raised, and the
control voltage VC whose value is lowered is applied to the
delay circuit 40, respectively. Then, as described above, the
delay circuit 40 changes the output timing of the delay signal
FP corresponding to the applied control voltage VC so as to
reduce the quantity of the phase delay of the delay signal FP
or the quantity of the phase advancement of the delay signal
FP, and consequently, the phase difference between the
phase of the delay signal FP and the phase of the input signal
FR can be reduced.

[0088] In the control method of the synchronous rectifi-
cation type power supply unit 10 of this embodiment, in
order to reduce the quantity of the phase delay of the delay
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signal FP, to reduce the quantity of the phase advancement
of the delay signal FP, the control voltage VC whose value
is raised, or the control voltage whose value is lowered is
generated, respectively. According to the control method of
this embodiment, the phase difference between the phase of
the delay signal FP and the phase of the input signal FR can
be reduced by reducing the quantity of the phase delay of the
delay signal FP or the quantity of the phase advancement of
the delay signal FP by changing the output timing of the
delay signal FP corresponding to the generated control
voltage VC.

[0089] In the synchronous rectification type power supply
unit 10 of this embodiment and its control circuit 20, if the
phase of the input signal FR detected by the phase difference
detecting circuit 30 when the main switching transistor
FET1 is turned OFF agrees with the phase of the delay signal
FP synchronous with the delay signal FP1 which turns ON
the synchronous side switching transistor FET2, the first
logical AND gate circuit AND1 passes the delay signal FP
and outputs the delay signal FP1 to the gate of the synchro-
nous side switching transistor FET2. Then, according to this
embodiment, when the main switching transistor FET1 is
turned OFF, the delay signal FP1 is outputted to the gate of
the synchronous side switching transistor FET2 so as to turn
the transistor FET2 ON, and consequently, both the transis-
tors FET1 and FET2 can be prevented from being turned ON
at the same time.

[0090] According to the control method of the synchro-
nous rectification type power supply unit 10 of this embodi-
ment, when the phase of the input signal FR detected when
the main switching transistor FET1 is turned OFF agrees
with the phase of the delay signal FP synchronous with the
delay signal FP1 which turns the synchronous side switching
transistor FET2 to ON, the delay signal FP1 is outputted to
the gate of the synchronous side switching transistor FET2.
Then, when the main switching transistor FET1 is turned
OFF, the delay signal FP1 is outputted to the gate of the
synchronous side switching transistor FET2 so as to turn the
transistor FET2 ON, thereby preventing both the transistors
FET1 and FET2 from being turned ON.

[0091] In the synchronous rectification type power supply
unit 10 of this embodiment and its control circuit 20, when
the delay time control circuit 41 outputs the current 12 which
is increased or decreased corresponding to the control volt-
age VC to the capacitor C3, the charging time of the
capacitor C3 can be adjusted corresponding to a difference
of the current value outputted to the capacitor C3. Then,
according to this embodiment, time in which the voltage at
both ends of the capacitor C3 is raised is changed by
adjusting the charging time of the capacitor C3 and the
timing in which the second comparator COMP2 outputs the
delay signal FP of high level is adjusted corresponding to the
time in which the voltage is raised and consequently, the
delay time of the delay signal FP can be changed corre-
sponding to the timing in which the delay signal FP is
outputted.

[0092] In the synchronous rectification type power supply
unit 10 of this embodiment and its control circuit 20, the
high level signal outputted by the second logical AND gate
circuit AND2 is inputted to the input terminal D of the D
flip-flop circuit 34 at a time (t5 in FIG. 4) in which the timing
of the leading edge of the input signal FR agrees with the
leading timing of the delay signal FP. Then, when the delay
signal FP is inputted to the clock terminal CK, the D flip-flop
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circuit 34 outputs the phase confirmation signal LOCK of
high level from the output terminal Q. Then, according to
this embodiment, when the timing of the leading edge of the
input signal FR agrees with the timing of the leading edge
of the delay signal FP so that there is no phase difference
between the phase of the input signal FR and the phase of the
delay signal FP and the quantity of the phase delay of the
delay signal FP or the quantity of the phase advancement of
the delay signal FP does not need to be adjusted, the D
flip-flop circuit 34 can output the phase confirmation signal
LOCK synchronously with the delay signal FP.

[0093] In the control method of the synchronous rectifi-
cation type power supply unit 10 of this embodiment, if the
phase confirmation signal LOCK is outputted synchronously
with the delay signal FP at the time in which the timing of
the leading edge of the input signal FR agrees with the
timing of the leading edge of the delay signal FP, the phase
confirmation signal LOCK can be outputted synchronously
with the delay signal FP when there is no phase difference
between the phase of the input signal FR and the phase of the
delay signal FP so that the quantity of the phase delay of the
delay signal FP or the quantity of the phase advancement of
the delay signal FP does not need to be adjusted.

[0094] The present invention is not restricted to the above-
described embodiments but may be carried out by modifying
part of the structure appropriately within a range not depart-
ing from the spirit of the invention. The control circuit 20 of
the synchronous rectification type power supply unit 10 of
the above embodiment may be constituted of a single
semiconductor chip or a plurality of the semiconductor
chips. Further, the synchronous rectification type power
supply 10 may be constituted of a single semiconductor chip
or a plurality of the semiconductor chips. Further, the
electronic device may be constituted of a synchronous
rectification type power supply unit having the control
circuit.

[0095] According to the control circuit of the synchronous
rectification type power supply unit, the synchronous recti-
fication type power supply and its control method of the
embodiment, if the output timing of the second signal is
adjusted corresponding to the phase difference between the
phase of the first signal and the phase of the second signal
generated based on the first signal of one cycle before, the
output timing of the second signal can be brought close to
the detection timing of the first signal and the second signal
can be converted to a signal having a smaller phase differ-
ence with respect to the first signal.

[0096] Further according to the embodiment, when the
rectification switch device is turned ON corresponding to the
second signal whose output timing is adjusted, if the timing
in which the rectification switch device is turned ON can be
brought close to the detection timing of the first signal
originating from a state that the main switch device is OFF
and thus, the delay of time period from the time when the
first signal is detected to the time when the rectification
switch device is turned ON can be reduced. Then, according
to the embodiment, even if the switching frequency is
converted to a higher frequency, the ratio of the time delay
in the switching period is reduced by reducing the delay of
the time from when the main switch device is turned OFF to
when the rectification switching device is turned ON, and
consequently, the main switch device and the rectification
switch device can be turned ON and OFF rapidly.
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[0097] Further, according to the embodiment, as described
above, if the timing in which the rectification switch device
is turned ON is brought close to the detection timing of the
first signal originating from a state that the main switch
device is OFF, time in which current flows to an antiparallel
diode of the rectification switch device can be shortened so
that current can be supplied to the rectification switch
device. Thus, power loss occurred when current flows to the
antiparallel diode can be reduced.

What is claimed is:

1. A control circuit of a synchronous rectification type
power supply unit comprising:

a coil being coupled to a connecting point between a main
switch device and a rectification switch device having
an antiparallel diode wherein the main switch device
and the rectification switch device are turned ON and
OFF alternately at a constant cycle;

a detecting portion detecting a status transition of a first
signal at the connecting point changing at a constant
cycle corresponding to current flowing through the
antiparallel diode when the main switch device is
turned OFF; and

a phase difference adjusting portion adjusting the phase
difference by adjusting the output timing of the second
signal corresponding to a phase difference between the
phase of the first signal detected by the detecting
portion and the phase of the second signal generated
based on the first signal of one cycle before,

wherein the rectification switch device is turned ON
corresponding to the second signal whose output tim-
ing is adjusted by the phase difference adjusting por-
tion.

2. The control circuit of the synchronous rectification type
power supply unit according to claim 1 wherein the phase
difference adjusting portion comprises a phase difference
detecting portion detecting a phase difference between the
phase of the first signal and the phase of the second signal
repeatedly and a delaying portion which outputs the second
signal by changing the delay time that delays the first signal
of'one cycle before corresponding to a detection result of the
phase difference detecting portion.

3. The control circuit of the synchronous rectification type
power supply according to claim 2 wherein

the phase difference detecting portion comprises:

a signal generating portion generating a phase delay
detection signal changing from a non-adjustment con-
dition of the quantity of delay in which the quantity of
the phase delay of the second signal is not adjusted to
an adjustment condition of the quantity of the delay in
which the quantity of the phase delay is reduced, under
a condition of detecting that the phase of the second
signal is delayed with respect to the phase of the first
signal, and which generates a phase advancement
detection signal which changes from a non-adjustment
condition of the quantity of advancement in which the
quantity of the phase advancement of the second signal
is not adjusted to an adjustment condition of the
quantity of advancement in which the quantity of the
phase advancement is reduced under a condition of
detecting that the phase of the second signal is
advanced with respect to the phase of the first signal;

a control voltage supplying portion generating a control
voltage corresponding to the adjustment condition of
the quantity of the delay or the adjustment condition of
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the quantity of the advancement and supplies the con-
trol voltage to the delay portion; and

a control voltage adjusting portion instructing the adjust-
ment condition of the quantity of the delay or the
adjustment condition of the quantity of the advance-
ment selectively to the control voltage supply portion
and changing the control voltage.

4. The control circuit of the synchronous rectification type
power supply unit according to claim 3 wherein the phase
difference detecting portion comprises a second signal out-
put portion outputting a phase confirmation signal determin-
ing that the phase of the first signal agrees with the phase of
the second signal when the phase delay detection signal is in
the non-adjustment condition of the quantity of the delay
and the phase advancement detection signal is in the non-
adjustment condition of the quantity of the advancement and
outputs the second signal to the rectification switch device
under a condition that the phase confirmation signal is
inputted.

5. The control circuit of the synchronous rectification type
power supply unit according to claim 3 wherein the delaying
portion comprises a capacitor, a current supplying portion
supplying current to the capacitor corresponding to the
control voltage and changing the output voltage of the
capacitor and a voltage comparing portion comparing the
output voltage with a reference voltage and outputs the
second signal.

6. The control circuit of the synchronous rectification type
power supply unit according to claim 4 wherein the phase
difference detecting portion includes a D flip-flop having an
input terminal in which a logical AND signal of the phase
delay detection signal and the phase advancement detection
signal is inputted when the phase delay detection signal is in
the non-adjustment condition of the quantity of the delay
and the phase advancement detection signal is in the non-
adjustment condition of the quantity of the advancement,
and a clock input terminal in which the second signal is
inputted,

wherein the D flip-flop outputs the phase confirmation
signal synchronously with the second signal.

7. A synchronous rectification type power supply unit,

comprising:

a coil being coupled to a connecting point between a main
switch device and a rectification switch device having
an antiparallel diode wherein the main switch device
and the rectification switch device are turned ON and
OFF alternately at a constant cycle, a detecting portion
detecting a status transition of a first signal at the
connecting point changing at a constant cycle corre-
sponding to current flowing through the antiparallel
diode when the main switch device is turned OFF; and

a phase difference adjusting portion adjusting the phase
difference by adjusting the output timing of the second
signal corresponding to a phase difference between the
phase of the first signal detected by the detecting
portion and the phase of the second signal generated
based on the first signal of one cycle before,

wherein the rectification switch device is turned ON
corresponding to the second signal whose output tim-
ing is adjusted by the phase difference adjusting por-
tion.

8. The synchronous rectification type power supply unit

according to claim 7 wherein the phase difference adjusting
portion comprises a phase difference detecting portion
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detecting a phase difference between the phase of the first
signal and the phase of the second signal repeatedly and a
delaying portion outputting the second signal by changing
the delay time that delays the first signal of one cycle before
corresponding to a detection result of the phase difference
detecting portion.

9. The synchronous rectification type power supply
according to claim 8,

the phase difference detecting portion further comprising:

a signal generating portion generating a phase delay
detection signal changing from a non-adjustment con-
dition of the quantity of delay in which the quantity of
the phase delay of the second signal is not adjusted to
an adjustment condition of the quantity of the delay in
which the quantity of the phase delay is reduced, under
a condition of detecting that the phase of the second
signal is delayed with respect to the phase of the first
signal, and generating a phase advancement detection
signal changing from a non-adjustment condition of the
quantity of advancement in which the quantity of the
phase advancement of the second signal is not adjusted
to an adjustment condition of the quantity of advance-
ment in which the quantity of the phase advancement is
reduced under a condition of detecting that the phase of
the second signal is advanced with respect to the phase
of the first signal;

a control voltage supplying portion generating a control
voltage corresponding to the adjustment condition of
the quantity of the delay or the adjustment condition of
the quantity of the advancement and supplies the con-
trol voltage to the delay portion; and

a control voltage adjusting portion instructing the adjust-
ment condition of the quantity of the delay or the
adjustment condition of the quantity of the advance-
ment selectively to the control voltage supply portion,
and changing the control voltage.

10. The synchronous rectification type power supply unit
according to claim 9, the phase difference detecting portion
further comprising a second signal output portion outputting
aphase confirmation signal determining that the phase of the
first signal agrees with the phase of the second signal when
the phase delay detection signal is in the non-adjustment
condition of the quantity of the delay and the phase advance-
ment detection signal is in the non-adjustment condition of
the quantity of the advancement and outputs the second
signal to the rectification switch device under a condition
that the phase confirmation signal is inputted.

11. The synchronous rectification type power supply unit
according to claim 9, the delaying portion further compris-
ing a capacitor, a current supplying portion supplying cur-
rent to the capacitor corresponding to the control voltage and
changing the output voltage of the capacitor and a voltage
comparing portion comparing the output voltage with a
reference voltage and outputs the second signal.

12. The synchronous rectification type power supply unit
according to claim 10 wherein the phase difference detecting
portion includes a D flip-flop having an input terminal in
which a logical AND signal of the phase delay detection
signal and the phase advancement detection signal is input-
ted when the phase delay detection signal is in the non-
adjustment condition of the quantity of the delay and the
phase advancement detection signal is in the non-adjustment
condition of the quantity of the advancement, and a clock
input terminal in which the second signal is inputted,
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wherein the D flip-flop outputs the phase confirmation signal
synchronously with the second signal.
13. A control method of a synchronous rectification type
power supply unit, comprising:
turning ON and OFF a main switch device and a rectifi-
cation switch device alternately at a constant cycle;
detecting a status transition of a first signal at the con-
necting point changing at a constant cycle correspond-
ing to current flowing through the antiparallel diode
when the main switch device is turned OFF; and
adjusting the phase difference by adjusting the output
timing of the second signal corresponding to a phase
difference between the phase of detected the first signal
and the phase of the second signal generated based on
the first signal of one cycle before,
wherein the rectification switch device is turned ON
corresponding to the second signal whose output tim-
ing is adjusted by the adjusting the phase difference.
14. The control method of the synchronous rectification
type power supply unit according to claim 13 wherein the
adjusting the phase difference comprises detecting a phase
difference between the phase of the first signal and the phase
of the second signal repeatedly and outputting the second
signal by changing the delay time that delays the first signal
of'one cycle before corresponding to a detection result of the
detecting the phase difference.
15. The control method of the synchronous rectification
type power supply according to claim 14 wherein
the detecting the phase difference comprises:
generating a phase delay detection signal changing from
a non-adjustment condition of the quantity of delay in
which the quantity of the phase delay of the second
signal is not adjusted to an adjustment condition of the
quantity of the delay in which the quantity of the phase
delay is reduced, under a condition of detecting that the
phase of the second signal is delayed with respect to the
phase of the first signal;
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generating a phase advancement detection signal chang-
ing from a non-adjustment condition of the quantity of
advancement in which the quantity of the phase
advancement of the second signal is not adjusted to an
adjustment condition of the quantity of advancement in
which the quantity of the phase advancement is reduced
under a condition of detecting that the phase of the
second signal is advanced with respect to the phase of
the first signal;

generating a control voltage corresponding to the adjust-

ment condition of the quantity of the delay or the
adjustment condition of the quantity of the advance-
ment; and

instructing the adjustment condition of the quantity of the

delay or the adjustment condition of the quantity of the
advancement selectively to change the control voltage
generated by the generating the voltage.

16. The control method of the synchronous rectification
type power supply unit according to claim 15 wherein the
detecting phase difference comprises outputting a phase
confirmation signal determining that the phase of the first
signal agrees with the phase of the second signal when the
phase delay detection signal is in the non-adjustment con-
dition of the quantity of the delay and the phase advance-
ment detection signal is in the non-adjustment condition of
the quantity of the advancement, and outputting the second
signal to the rectification switch device under a condition
that the phase confirmation signal is inputted.

17. The control method of the synchronous rectification
type power supply unit according to claim 16 wherein the
detecting the phase difference includes outputting the phase
confirmation signal synchronously with the second signal
when the phase delay detection signal is in the non-adjust-
ment condition of the quantity of the delay and the phase
advancement detection signal is in the non-adjustment con-
dition of the quantity of the advancement.
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