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ASYMMETRICAL DUTY CYCLE FLYBACK
CONVERTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates in general to a power supply,
and more particularly to an asymmetrical duty cycle flyback
converter for miniaturization and in power efficiency.

2. Description of the Prior Art

Generally, a power supply comprises a transformer con-
nected between an input stage and an output stage, and a
switch connected between the input stage and the trans-
former. The switch is on/off-controlled by a pulse signal
supplied from a pulse width modulation integrated circuit
(PWM IC). If the switch is turned on, current flows there-
through. When the switch is turned off, a voltage is applied
across it while current flowing thereto is blocked. As a result,
the current and voltage are overlapped, resulting in a loss in
power.

A technique is known which designs the switch in such a
manner that the current and voltage are not overlapped and
controls the on/off operations of the switch, so as to improve
a power efficiency. Such a technique is so-called “zero
voltage switching (ZVS)”.

FIG. 1 is a circuit diagram of a conventional half-bridge
converter for the ZVS. As shown in this drawing, the
half-bridge converter comprises a transformer T for trans-
forming an input voltage Vi at a desired ratio, a switching
circuit 10 for switching the input voltage Vi to the trans-
former T, and a rectifying/smoothing circuit 12 for rectifying
and smoothing an output voltage from the transformer T. To
this end, the rectifying/smoothing circuit 12 includes a first
diode D1, second diode D2, coil L and a second capacitor
Co.

The half-bridge converter further includes a controller 14
for controlling the switching operation of the switching
circuit 10, and a driver 16 for driving the switching circuit
10 in response to an output signal from the controller 14.

The transformer T includes a first winding N1 at its
primary side and second and third windings N2 and N3 at its
secondary side, which are connected in series to each other.

The switching circuit 10 is provided with a first field effect
transistor Q1 and a second field effect transistor Q2 con-
nected in series between an input stage and a ground voltage
source. The first winding N1 of the transformer T has its one
side connected to a node between the first and second field
effect transistors Q1 and Q2. A first capacitor Cs is con-
nected in series to the first winding N1 of the transformer T.

The transformer T is provided with a half bridge at its
secondary side, and, in the rectifying/smoothing circuit 12,
the first diode D1 has its anode connected to the second
winding N2 of the transformer T, the second diode D2 has
its anode connected to the third winding N3 of the trans-
former T, the coil L has its one side connected to a node
between the first and second diodes D1 and D2, and the
second capacitor Co connected between the other side of the
coil L and a node between the second and third windings N2
and N3 of the transformer T.

The controller 14 is preferably provided with a PWM IC.
The driver 16 drives the first and second field effect tran-
sistors Q1 and Q2 in an asymmetrical and complementary
manner in response to the output signal from the controller
14. To this end, the driver 16 is provided with an inverter 16a
and a buffer 16b.

In the conventional half-bridge converter as shown in
FIG. 1, the ZVS is realized by switching the first and second
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2

field effect transistors Q1 and Q2 in the asymmetrical and
complementary manner. However, the above-mentioned
conventional half-bridge converter has a disadvantage in
that the transformer T is large in size because it is provided
with the half bridge at its secondary side. Further, an output
voltage from an auxiliary power supply (not shown), which
supplies power to the controller 14 comprising the PWM IC,
is varied with a variation in the input voltage Vi, resulting in
heating of the controller 14 and the subsequent faulty
operation thereof. The conventional half-bridge converter is
further disadvantageous in that a switching noise occurs
when the first and second diodes D1 and D2 are switched
on/off.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of
the above problems, and it is an object of the present
invention to provide an asymmetrical duty cycle flyback
converter in which a switching circuit is provided to perform
a ZVS operation and a rectifying diode has a minimized
switching noise, so that a controller can be prevented from
being heated and a transformer can have a miniaturized size.

In accordance with the present invention, the above and
other objects can be accomplished by an asymmetrical duty
cycle flyback converter comprising a main transformer for
transforming an input voltage at a desired ratio. The main
transformer includes a primary winding connected to an
input stage and a secondary winding connected to an output
stage. A switching device switches the input voltage to the
main transformer, the switching device including first and
second switches; rectifying/smoothing means for rectifying
and smoothing an output voltage from the main transformer;
control means for generating a control signal in response to
an output voltage from the rectifying/smoothing means to
control the switching operation of the switching means; and
switch driving means for generating first and second drive
signals in response to the control signal from the control
means to drive the first and second switches in the switching
device in such a manner that the switches can complemen-
tarily be switched on the basis of on-time duties asymmetri-
cal with respect to each other and at an interval of a dead
time therebetween to perform a zero voltage switching
operation.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a circuit diagram of a conventional half-bridge
converter;

FIG. 2 is a circuit diagram of an asymmetrical duty cycle
flyback converter in accordance with the present invention;

FIG. 3 is a detailed circuit diagram of a switch driver in
FIG. 2;

FIG. 44 is a waveform diagram of an output signal from
a controller in FIG. 2;

FIG. 4b is a waveform diagram of an output signal from
a first delay circuit in FIG. 3;

FIG. 4c is a waveform diagram of an output signal from
a first comparison circuit in FIG. 3, which is used to drive
a first field effect transistor in a switching circuit in FIG. 2;

FIG. 44 is a waveform diagram of an output signal from
a second delay circuit in FIG. 3;

FIG. 4e is a waveform diagram of an output signal from
a second comparison circuit in FIG. 3, which is used to drive
a second field effect transistor in the switching circuit in
FIG. 2;
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FIG. 5a is a waveform diagram of first and second drive
signals used to drive the first and second field effect tran-
sistors in the switching circuit in FIG. 2;

FIG. 5b is a waveform diagram illustrating a voltage-
current relation of the first field effect transistor in the
switching circuit in FIG. 2;

FIG. 5¢ is a waveform diagram illustrating a voltage-
current relation of the second field effect transistor in the
switching circuit in FIG. 2;

FIG. 5d is a waveform diagram of current flowing through
a main transformer in FIG. 2; and

FIG. 5¢ is a waveform diagram of a voltage across a diode
in a rectifying/smoothing circuit in FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference to FIG. 2, there is shown a circuit diagram
of an asymmetrical duty cycle flyback converter in accor-
dance with the present invention. As shown in this drawing,
the asymmetrical duty cycle flyback converter comprises a
main transformer T1 for transforming an input voltage Vi at
a desired ratio. To this end, the main transformer T1 includes
a primary winding N1 connected to an input stage and a
secondary winding N2 connected to an output stage. A
switching circuit 20 is provided to switch the input voltage
Vi to the main transformer T1. To this end, the switching
circuit 20 includes first and second switches. A rectifying/
smoothing circuit 30 is provided to rectify and smooth an
output voltage from the main transformer T1. A controller 40
is adapted to generate a control signal in response to an
output voltage from the rectifying/smoothing circuit 30 to
control the switching operation of the switching circuit 20.
A switch driver 50 is adapted to generate first and second
drive signals in response to the control signal from the
controller 40 to drive the first and second switches in the
switching circuit 20 in such a manner that they can comple-
mentarily be switched on the basis of on-time duties asym-
metrical with respect to each other and at an interval of a
dead time therebetween to perform a ZVS operation.

The first and second switches in the switching circuit 20
are provided respectively with first and second field effect
transistors Q1 and Q2 connected in series between the input
stage and a ground voltage source. The primary winding N1
of the main transformer T1 has its one side connected to a
node between the first and second field effect transistors Q1
and Q2 and its other side connected in series to a first
capacitor Cs.

The rectifying/smoothing circuit 30 includes a diode D
having its anode connected to one side of the secondary
winding N2 of the main transformer T1, and a second
capacitor Co connected between the other side of the sec-
ondary winding N2 of the main transformer T1 and a
cathode of the diode D. The controller 40 is preferably
provided with a PWM IC.

FIG. 3 is a detailed circuit diagram of the switch driver 50
in FIG. 2. As shown in this drawing, the switch driver 50
includes a first delay circuit 51 for delaying the control
signal from the controller 40 for a first predetermined time
period, a first comparison circuit 52 for comparing the level
of an output signal from the first delay circuit 51 with that
of a first reference voltage signal Vrefl and providing its
output signal only when the output signal from the first delay
circuit 51 is higher in level than the first reference voltage
signal Vrefl, and a first buffer 53 for buffering the output
signal from the first comparison circuit 52 and applying the
buffered signal to a gate of the first field effect transistor Q1
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in the switching circuit 20. An electric isolator 54 is pro-
vided to electrically isolate the first field effect transistor Q1
from an output signal from the first buffer 53. A second delay
circuit 55 is provided to delay the control signal from the
controller 40 for a second predetermined time period. A
second comparison circuit 56 is adapted to compare the level
of an output signal from the second delay circuit 55 with that
of a second reference voltage signal Vref2 and provide its
output signal only when the output signal from the second
delay circuit 55 is lower in level than the second reference
voltage signal Vref2. A second buffer 57 is adapted to buffer
the output signal from the second comparison circuit 56 and
apply the buffered signal to a gate of the second field effect
transistor Q2 in the switching circuit 20.

The first delay circuit 51 includes a first resistor R1 having
its one side connected to an output terminal of the controller
40, a reverse, first diode D1 connected in parallel to the first
resistor R1, and a capacitor C1 having its one side connected
to a node between the other side of the first resistor R1 and
the first diode D1 and its other side connected to the ground
voltage source.

The first comparison circuit 52 is provided with a com-
parator having its non-inverting input terminal (+) connected
to an output terminal of the first delay circuit 51 and its
inverting input terminal (-) connected to a first reference
voltage source for generating the first reference voltage
Vrefl. The first reference voltage source is connected
between the inverting input terminal (=) of the comparator
and the ground voltage source.

The first buffer 53 includes npn and pnp transistors
connected in series between a supply voltage source Vee and
the ground voltage source. These npn and pnp transistors
have their bases connected in common to an output terminal
of the first comparison circuit 52.

The electric isolator 54 includes a transformer with pri-
mary and secondary windings. The primary winding of the
transformer has its one side connected to an output terminal
of the first buffer 53 through a resistor and a capacitor and
its other side connected to the ground voltage source. The
secondary winding of the transformer is connected between
the gate and a source of the first field effect transistor Q1 in
the switching circuit 20.

The second delay circuit 55 includes a second resistor R2
having its one side connected to the output terminal of the
controller 40, a forward, second diode D2 connected in
parallel to the second resistor R2, and a capacitor C2 having
its one side connected to a node between the other side of the
second resistor R2 and the second diode D2 and its other
side connected to the ground voltage source.

The second comparison circuit 56 is provided with a
comparator having its inverting input terminal (-) connected
to an output terminal of the second delay circuit 55 and its
non-inverting input terminal (+) connected to a second
reference voltage source for generating the second reference
voltage Vref2. The second reference voltage source is con-
nected between the non-inverting input terminal (+) of the
comparator and the ground voltage source.

The second buffer 57 includes npn and pnp transistors
connected in series between the supply voltage source Vee
and the ground voltage source. These npn and pnp transis-
tors have their bases connected in common to an output
terminal of the second comparison circuit 56 and their
emitters connected in common to the gate of the second field
effect transistor Q2 in the switching circuit 20.

The operation of the asymmetrical duty cycle flyback
converter with the above-mentioned construction in accor-
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dance with the present invention will hereinafter be
described in detail with reference to FIGS. 4a to Se.

First, the controller 40 generates a square wave pulse
signal as shown in FIG. 4g in response to an output voltage
Vo from the rectifying/smoothing circuit 30, fed back by a
feedback circuit (not shown). The controller 40 outputs the
generated square wave pulse signal to the first and second
delay circuits 51 and 55. The first delay circuit 51 generates
a saw tooth wave signal with a rising curve as shown in FIG.
4b in response to the output signal from the controller 40.
The second delay circuit 55 generates a signal with a falling
curve after a predetermined square wave duration as shown
in FIG. 44 in response to the output signal from the
controller 40. The first delay circuit 51 outputs the generated
saw tooth wave signal to the first comparison circuit 52, the
rising curve of which is determined according to an RC time
constant of the first resistor R1 and capacitor C1. The second
delay circuit 55 outputs the generated signal to the second
comparison circuit 56, the falling curve of which is deter-
mined according to an RC time constant of the second
resistor R2 and capacitor C2. The comparator in the first
comparison circuit 52 inputs the output signal from the first
delay circuit 51 at its non-inverting input terminal (+) and
the first reference voltage signal Vrefl from the first refer-
ence voltage source at its inverting input terminal (<) and
compares the levels of the inputted signals with each other.
Then, the comparator in the first comparison circuit 52
outputs a square wave pulse signal as shown in FIG. 4c¢ only
when the output signal from the first delay circuit 51 is
higher in level than the first reference voltage signal Vrefl.
The output signal from the comparator in the first compari-
son circuit 52 is applied to the gate of the first field effect
transistor Q1 in the switching circuit 20 through the first
buffer 53 and electric isolator 54 to drive the first field effect
transistor Q1. On the other hand, the comparator in the
second comparison circuit 56 inputs the output signal from
the second delay circuit 55 at its inverting input terminal (-)
and the second reference voltage signal Vref2 from the
second reference voltage source at its non-inverting input
terminal (+) and compares the levels of the inputted signals
with each other. Then, the comparator in the second com-
parison circuit 56 outputs a square wave pulse signal as
shown in FIG. 4e only when the output signal from the
second delay circuit 55 is lower in level than the second
reference voltage signal Vref2. The output signal from the
comparator in the second comparison circuit 56 is applied to
the gate of the second field effect transistor Q2 in the
switching circuit 20 through the second buffer 57 to drive the
second field effect transistor Q2.

As mentioned above, on the basis of the output signal
from the controller 40, the switch driver 50 generates the
first and second drive signals Vgl and Vg2 as shown
respectively in FIGS. 4¢ and 4e, namely, integrally in FIG.
5a, which have on-time duties asymmetrical with respect to
each other and a dead time t therebetween so that they can
complementarily be made active to drive the first and second
field effect transistors Q1 and Q2 in the switching circuit 20.
As aresult, the first and second field effect transistors Q1 and
Q2 are complementarily switched on the basis of the on-time
duties asymmetrical with respect to each other and at an
interval of the dead time t therebetween to perform the ZVS
operation as shown in FIGS. 5b and Sc.

In response to the first and second drive signals Vgl and
Vg2 as shown in FIG. 54, if the first field effect transistor Q1
is turned on, the second field effect transistor Q2 is turned
off. At this time, current flows to the first capacitor Cs
through the primary winding N1 of the main transformer T1,
thereby causing a voltage to be charged on the first capacitor
Cs.
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Thereafter, in response to the first and second drive
signals Vgl and Vg2 as shown in FIG. 5a, if the first field
effect transistor Q1 is turned off, the voltage charged on the
first capacitor Cs is applied through the primary winding N1
of the main transformer T1 to a drain of the second field
effect transistor Q2, which is then turned on after the lapse
of the dead time t. As a result, a current loop is formed
sequentially through the first capacitor Cs, primary winding
N1 of the main transformer T1 and second field effect
transistor Q2. At this time, the first capacitor Cs and primary
winding N1 of the main transformer T1 resonate on the basis
of their capacitance and inductance. Energy resulting from
this resonance is induced to the secondary winding N2 of the
main transformer T1, thereby making the diode D conduc-
tive. As a result, a current loop is formed sequentially
through the secondary winding N2 of the main transformer
T1, diode D and second capacitor Co.

The first and second field effect transistors Q1 and Q2 are
complementarily switched at an interval of the dead time t
therebetween, as mentioned above. For this reason, as
shown in FIGS. 5b and Sc, currents Iql and Ig2 flowing
respectively through the first and second field effect tran-
sistors Q1 and Q2 have convex components below respec-
tive reference voltages when the resonance is performed.
Thus, the currents Iql and Ig2 are not overlapped respec-
tively with voltages Vql and V@2, resulting in the realiza-
tion of zero crossing. Further, both plus (+) and minus (-)
components of current flow through the main transformer
T1, as shown in FIG. 5d. As a result, both one and three-
upper limits of a B-H curve can be used in the main
transformer T1 because of characteristics of a magnetic flux
B and magnetic field H. This has the effect of reducing the
size of the main transformer T1 to about half of that used in
the prior art.

As apparent from the above description, according to the
present invention, the asymmetrical duty cycle flyback con-
verter comprises the switching circuit with the first and
second switches which are complementarily switched on the
basis of the switching duties asymmetrical with respect to
each other and at an interval of the sufficient dead time
therebetween to perform the ZVS operation. This has the
effect of improving a power efficiency. Further, the electric
isolator is provided to electrically isolate the first switch in
the switching circuit from an external signal to stabilize the
operation of the first switch. The main transformer is
designed in such a manner that both of the one and three-
upper limits of the B-H curve can be used therein. This has
the effect of minimizing the size of the main transformer.
Moreover, the main transformer is not provided with a
half-bridge at its secondary side. Therefore, the rectifying
diode has a minimized switching noise, so that the controller
can be prevented from being heated.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:

1. An asymmetrical duty cycle flyback converter com-
prising:

a main transformer for transforming an input voltage at a
desired ratio, said main transformer including a pri-
mary winding connected to an input stare and a sec-
ondary winding connected to an output stage;

switching means for switching said input voltage to said
main transformer, said switching means including first
and second switches;
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rectifying/smoothing means for rectifying and smoothing
an output voltage from said main transformer;

control means for generating a control signal in response
to an output voltage from said rectifying/smoothing
means to control the switching operation of said
switching means; and

switch driving means for generating first and second drive
signals in response to said control signal from said
control means to drive said first and second switches in
said switching means in such a manner that they can be
switched complementarily on the basis of on-time
duties asymmetrical with respect to each other and at an
interval of a dead time therebetween to perform a zero
voltage switching operation,

wherein said first and second switches in said switching
means include, respectively, first and second field effect
transistors connected in series between said input stage
and a around voltage source, and

wherein said switch driving means includes:

first delay means for delaying said control signal from
said control means for a first predetermined time
period;

first comparison means for comparing the level of an
output signal from said first delay means with that of
a first reference voltage signal and providing its
output signal only when said output signal from said
first delay means is higher in level than said first
reference voltage signal;

first buffering means for buffering said output signal
from said first comparison means and applying the
buffered signal to a gate of said first field effect
transistor in said switching means;

electric isolation means for electrically isolating said
first field effect transistor from an output signal from
said first buffering means;

second delay means for delaying said control signal
from said control means for a second predetermined
time period;

second comparison means for comparing the level of an
output signal from said second delay means with that
of a second reference voltage signal and providing its
output signal only when said output signal from said
second delay means is lower in level than said
second reference voltage signal; and

second buffering means for buffering said output signal
from said second comparison means and applying
the buffered signal to a gate of said second field
effect transistor in said switching means.

2. An asymmetrical duty cycle flyback converter as set
forth in claim 1, wherein said primary winding of said main
transformer has its one side connected to a node between
said first and second field effect transistors and its other side
connected in series to a first capacitor.

3. An asymmetrical duty cycle flyback converter as set
forth in claim 2, wherein said rectifying/smoothing means
includes:

a diode having its anode connected to one side of said

secondary winding of said main transformer; and

a second capacitor connected between the other side of

said secondary winding of said main transformer and a
cathode of said diode.
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4. An asymmetrical duty cycle flyback converter as set
forth in claim 1, wherein said first delay means includes:

a resistor having its one side connected to an output

terminal of said control means;

a reverse diode connected in parallel to said resistor; and

a capacitor having its one side connected to a node

between the other side of said resistor and said reverse
diode and its other side connected to said ground
voltage source.

5. An asymmetrical duty cycle flyback converter as set
forth in claim 1, wherein said first comparison means
includes a comparator having its non-inverting input termi-
nal (+) connected to an output terminal of said first delay
means and its inverting input terminal (=) connected to a first
reference voltage source for generating said first reference
voltage, said first reference voltage source being connected
between said inverting input terminal (=) of said comparator
and said ground voltage source.

6. An asymmetrical duty cycle flyback converter as set
forth in claim 1, wherein said first buffering means includes
npn and pnp transistors connected in series between a supply
voltage source and said ground voltage source, said npn and
pnp transistors having their bases connected in common to
an output terminal of said first comparison means.

7. An asymmetrical duty cycle flyback converter as set
forth in claim 1, wherein said electric isolation means
includes a transformer with primary and secondary
windings, said primary winding of said transformer having
its one side connected to an output terminal of said first
buffering means through a resistor and a capacitor and its
other side connected to said ground voltage source, said
secondary winding of said transformer being connected
between said gate and a source of said first field effect
transistor in said switching means.

8. An asymmetrical duty cycle flyback converter as set
forth in claim 1, wherein said second delay means includes:

a resistor having its one side connected to an output

terminal of said control means;

a forward diode connected in parallel to said resistor; and

a capacitor having its one side connected to a node

between the other side of said resistor and said forward
diode and its other side connected to said ground
voltage source.

9. An asymmetrical duty cycle flyback converter as set
forth in claim 1, wherein said second comparison means
includes a comparator having its inverting input terminal (-)
connected to an output terminal of said second delay means
and its non-inverting input terminal (+) connected to a
second reference voltage source for generating said second
reference voltage, said second reference voltage source
being connected between said non-inverting input terminal
(+) of said comparator and said ground voltage source.

10. An asymmetrical duty cycle flyback converter as set
forth in claim 1, wherein said second buffering means
includes npn and pnp transistors connected in series between
a supply voltage source and said ground voltage source, said
npn and pnp transistors having their bases connected in
common to an output terminal of said second comparison
means and their emitters connected in common to said gate
of said second field effect transistor in said switching means.
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