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A New Flyback-Current-Fed Push–Pull
DC–DC Converter
Domingo A. Ruiz-Caballero, Student Member, IEEE, and Ivo Barbi, Senior Member, IEEE

Abstract— This paper introduces a new flyback-current-fed
push–pull dc–dc converter whose significant advantages in comparison with the conventional one are a reduction in the number
of output diodes and unified output characteristics to represent
both the buck and the boost operation modes in the continuous
conduction mode. Theoretical analysis, design methodology, and
experimental results taken from a 600-W 25-kHz laboratory
prototype are presented in this paper. The circuit introduced
is suitable for switching mode power supply design and powerfactor-correction applications as well.
Index Terms— DC–DC converters, flyback converter, power
supply, push–pull converter.

NOMENCLATURE
Duty ratio.
Switching frequency.
Normalized average output current.
Normalized minimum current through
.
Normalized maximum current through
.
Normalized minimum current through
.
Normalized maximum current through
.
Current through
.
Current through
.
Average input current.
Average output current.
Current through switches
and .
Normalized ripple current through
.
Normalized ripple current through
.
Transformers turns ratio.
Output power.
Gate–source MOSFET voltage.
Voltage across the push–pull primary winding.
Normalized average output voltage.
Output voltage.
Input voltage.
Voltage across switches
and .
Minimum input voltage.
Maximum input voltage.
Normalized ripple output voltage.
Saturation voltage across the switches.
Efficiency.
Time.
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Time interval where for both buck and boost
is turn on.
modes
Time interval where for both buck and boost
modes a current flows through the flyback transformer.

I. INTRODUCTION

T

HE flyback-current-fed push–pull dc–dc converter [1], [2]
has several advantages over the conventional voltage or
current-fed push–pull ones. It has one single input and no
output inductor, which makes it a good choice for a multiple
output power supply. Besides, it provides inherent protection
against transformer saturation. It is also recognized that this
converter is more reliable than the conventional push–pull one
due to the presence of the input inductor.
However, some disadvantages have been detected, namely,
the existence of four diodes on the secondary side, and the
impossibility of representing the operation for duty ratio from
zero up to one, by the same set of output characteristics.
The circuit introduced in this paper is generated from the
traditional flyback-current-fed push–pull topology, simply by
and
, as shown in Fig. 1.
removing diodes
The new converter is composed of a push–pull transformer
and one two-winding flyback transformer. In addition, the
circuit includes two switches and two output diodes. The
converter’s characteristics are as follows.
1) It has two operation modes, namely, buck and boost that
depend exclusively on the duty ratio. For duty ratio less
than 0.5, it operates in the buck mode (nonoverlapping
mode), and for duty ratio larger than 0.5, it operates in
the boost mode (overlapping mode).
2) Its switches are at the same reference point, which
simplifies the driving circuitry.
3) When both transformers have the same turns ratio, the
output characteristics in continuous conduction mode
(CCM) are the same for both the overlapping and the
nonoverlapping operation modes.
4) It has only two output diodes.
The operation of the new circuit, represented in Fig. 1, is
described in the following section.

II. PRINCIPLE

OF

OPERATION

FOR

In order to simplify the analysis of the proposed converter,
we assume that all passive and active components are ideal
.
and
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Fig. 1. (a) The conventional and (b) the new flyback-current-fed push–pull dc–dc converter.

(a)

(a)
(b)

(c)

(b)
Fig. 2. (a) First and (b) second stages for

D <

0:5.

In the buck mode, four topological states exist within a
switching period. However, it is necessary to describe only
two of them, as the remaining two stages are analogous.
The stages of operation for a half cycle are shown in Fig. 2.
They are described as follows.
): At the instant
,
turns on and
First Stage (
and . The voltage across
a current flows through
is reflected across the push–pull secondary windings
) and
is turned on. The flyback transformer acts as
(
an inductor, storing energy. The load receives energy only
from the push–pull transformer. This stage exists for both the
continuous and the discontinuous conduction modes.
): At
,
turns off and the
Second Stage (
flyback transformer transfers energy to the load with a current
which is twice the current of the previous time interval. The
value of the current flowing through each diode is equal to the
current through the diode that was on during the previous time
interval. Since both diodes are conducting, the push–pull transturns on.
former is short circuited. This stage ends when
In the discontinuous conduction mode (DCM), this stage
ends when the inductor current reaches zero and then a

(d)

(e)

(f)
Fig. 3. Waveforms for the new converter working at D < 0:5 in CCM:
(a) and (b) driving signals, (c) input current, (d) current through the inductor
L1s , (e) current through the output diodes, and (f) voltage across the primary
winding of the push–pull transformer.

third stage can be observed, in which there is no transfer
of energy. The load is supplied by the output capacitor.
The corresponding theoretical waveforms for continuous and
discontinuous current modes are shown in Figs. 3 and 4,
respectively.
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(a)
(a)

(b)

(b)

(c)

(d)
(c)
(e)

(d)

(f)
Fig. 4. Waveforms for discontinuous operation mode at D < 0:5: (a) current
through the primary winding L1P , (b) current through secondary winding
L1S , (c) and (d) current through output diodes, (e) voltage across the primary
winding of the push–pull transformer, and (f) voltage across the switches.

(e)

(f)
Fig. 6. Theoretical waveforms for the converter operating at D = 0:5: (a)
and (b) driving signals of S1 and S2 , (c) current through the primary winding
L1P , (d) current through the secondary winding L1S , (e) current through
output diodes, and (f) voltage across the primary winding of the push–pull
transformer.
(a)

on. The flyback transformer does not transfer any power to the
load, which is supplied only by the push–pull transformer.
): At the instant
,
is turned
Second Stage (
is turned off. All electrical and magnetic variables
on and
evolve in a manner similar to the previous stage.
The principal features of the converter when operating
is that it works like a continuous current
at
electronic transformer and theoretically never operates in the
discontinuous current mode. Theoretical waveforms are shown
in Fig. 6.

(b)
Fig. 5. (a) First and (b) second stages for

III. PRINCIPLE

OF

D

= 0 :5 .

OPERATION

FOR

The stages of operation for
are shown in Fig. 5
and are described as follows.
): At the instant
,
is turned
First Stage (
is turned off, and a current flows through
,
on while
, and . The voltage across
is reflected across the
). The diode
is turned
push–pull secondary windings (

IV. PRINCIPLE

OF

OPERATION

FOR

The circuits representing the stages of operation for a half
cycle are shown in Fig. 7.
): When this stage begins, switch
is
First Stage (
,
is gated on, conducting simultaalready on. At
are reverse biased. Current
neously with . Diodes
so
starts flowing through the push–pull primary windings
that the fluxes induced by the primary windings are in opposite
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(a)

(b)

(c)

Fig. 7. (a) First and (b) second stages for

D >

0:5.

directions, causing a magnetic short circuit in the transformer.
.
As a result, energy is stored in
): At the instant
is turned
Second Stage (
off and energy begins to be transferred to the load. This energy
transfer occurs in two ways: directly through the push–pull
transformer and indirectly through the flyback transformer
(which delivers the energy stored during the previous time
interval).
When operating in the discontinuous mode, the boost mode
also presents a third stage, with no energy transfer, in which the
load is supplied by the output capacitor. This interval finishes
when
turns on.
at
The theoretical waveforms for CCM and DCM are shown
in Figs. 8 and 9, respectively.
V. OUTPUT CHARACTERISTICS
The normalized load current is given by
(1)

(d)

(e)

(f)
Fig. 8. Waveforms for the converter operating at D > 0:5 in CCM: (a) and
(b) driving signals of S1 and S2 , (c) current through the secondary winding
L1S , (d) current through the primary winding L1P , (e) current through
the switches, and (f) voltage across the primary winding of the push–pull
transformer.

The boundary between DCM and CCM for
given by

is

The normalized load voltage is given by
(6)

(2)
The transformers turns ratio are given by
(3)

For the boost mode, the output characteristics in DCM are
given by
(7)

The output characteristics in the continuous current mode for
any duty ratio are given by
(4)

The boundary between DCM and CCM for
given by

is

In DCM the output characteristics are represented by two
different expressions. For the buck mode, they are given by

(8)

(5)

The unified output characteristics of the converter are shown
in Fig. 10. They are created by the superposition of the
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(a)

(b)

(c)

(d)
(a)

(e)

(f)
Fig. 9. Waveforms for the discontinuous conduction mode and D > 0:5:
(a) current through the primary winding L1P , (b) current through secondary
winding L1S , (c) current through switch S1 , (d) current through switch S2 ,
(e) voltage across the primary winding of the push–pull transformer L2p , and
(f) voltage across the switches.

(b)
Fig. 11. (a) Current ripple for buck and (b) boost modes as function of

D

.

The normalized minimum load current which ensures confor both the buck and
tinuous current mode is
the boost modes.
VI. INPUT

AND

OUTPUT CURRENT RIPPLE

For
, according to the waveforms shown in Fig. 3,
the normalized output current ripple is given by
(9)
and

are given by
(10)
(11)
(12)

Fig. 10.

Unified output characteristics.

By substituting (11) and (12) into (9), one obtains (13)
(13)

individual output characteristics of the classic buck and boost
converters.
the converter will never operate in the
For
discontinuous conduction mode, even for light loads.

, according to the waveforms shown in Fig. 8,
For
the normalized input current ripple is given by
(14)
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(a)

(a)

(b)

(b)
Fig. 12.

(a) Power stage and (b) control circuit diagram.

and

are given by
(15)
(16)

(c)
Fig. 13. Experimentally obtained input (IL1P ) and output (IL1S ) currents
for (a) D = 0:3, (b) D = 0:6, and (c) D = 0:5.

(17)
By substituting (16) and (17) into (14), one obtains
(18)
Expressions (13) and (18) are represented in Fig. 11(a) and
(b), respectively.
and
are similar to the
The ripple currents
primary and secondary flyback transformer ripple currents of
the conventional push–pull converter.
VII. EXPERIMENTAL RESULTS
A laboratory prototype, operating in the continuous conduction mode, has been designed and implemented. Its specifica-

Fig. 14. Experimentally obtained efficiency as a function of the converter
output power in the buck mode.
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(a)

(b)

(c)

(d)

Fig. 15. Input and output currents with
converter with D < 0:5, and (d) D

p = L1S =
0 :5 .

L1
>

1 and

N1

=

N2

TABLE I
POWER STAGE COMPONENTS

D <

0:5, (b)

D >

0:5, (c) the conventional

TABLE II
CONTROL CIRCUIT COMPONENTS

tions are as follows:
W

V

V

kHz

V

A

A

= 1: (a) new converter with

V

The turns ratio
is calculated by using
, which is
the duty ratio that causes the maximum output current ripple in
the buck mode. With the saturation voltage across the switches
.
equal to 1 V, from (2), we obtain
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TABLE III
NEW AND

THE

The primary and secondary flyback transformer inductances
and
are calculated using (10) and (13). The values
H and
H.
obtained are
and
, calculated using (2)
The duty ratio for
and (4), is as follows:
for

V

for

V

and

The power and control diagrams are shown in Fig. 12 and
the parameters of the prototype are given in Tables I and II
for the power stage and the control circuit, respectively.
We have added a clamping circuit composed of
and
to prevent overvoltages across
of switches, caused by the leakage inductance in the
transformers.
) and the output currents
Fig. 13(a) shows the input (
) for
at rated load power, which is equal to
(
) and the output
600 W. Fig. 13(b) shows the input (
) for
. Finally, Fig. 13(c) shows the
current (

THE

CLASSIC CONVERTER

input (
) and the output currents (
) for
. The
waveforms shown in Fig. 13(b) and (c) were taken at output
power equal to 300 W.
,
The experimental waveforms confirm that for
both the output and the input currents are ripple free, which
characterizes the behavior of an ideal dc–dc transformer.
Fig. 14 shows the experimentally obtained efficiency of the
implemented converter, utilizing a dissipative clamping circuit,
V and
V.
for
VIII. COMPARISON BETWEEN THE
PROPOSED AND THE CONVENTIONAL
FLYBACK-CURRENT-FED PUSH–PULL CONVERTER
Let us compare the waveforms of the input and output
, and very large
currents of both converters, taking
and
. These currents are represented in
inductances
Fig. 15(a) and (b) for the new converter and in Fig. 15(c)
and (d) for the conventional one. We note that for
, operation in the boost mode, both converters behave
, when operating in the buck mode,
identically. For
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the output current of the new converter is composed of two
steps, while the same current in the conventional converter is
constant. Therefore, the new converter requires a larger output
filter capacitor.
, situation
These disadvantages do not exist when
where both converters operate with pulsed output current.
Table III shows the most relevant equation describing the
behavior of both converters and numerical values generated
V,
V,
, and
by these equation for
A.
Details about the deduction of these equations can be found
in [3].
IX. CONCLUSIONS
From our study, as reported in this paper, we draw the
following conclusions.
• The new converter preserves all the basic properties of
the conventional flyback current-fed push–pull converter
with fewer components.
• It operates in both buck and boost modes, which are
represented by the same mathematical model.
• It is the opinion of the authors that the introduced
converter is suitable for switching mode power supplies
design and power-factor-correction applications, with advantage over the classic push–pull dc–dc converter.
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