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ABSTRACT - This paper introduces a new flyback-current-fed
push-pull de-dc converter whose significant advantages in
comparison with the conventional one are: 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 600W,
25kHz laboratory prototype are presented in this paper. The
circuit introduced is suitable for switching mode power supply
design and power factor correction applications as well.

NOMENCLATURE

Normalized Output Current.
Normalized Output Voltage.
Transformers Turns-Ratio.

Normalized minimum Current Through the Primary
Winding L
Normalized maximum Current Through the Primary
Lu’,,m Winding Lp

Normalized minimum Current Through the Primary

L Smin Winding L5
7 Normalized maximum Current Through the Primary
LISmfn Winding L
Z‘. Normalized Ripple Current Through the Secondary
Ll Winding L,g
Z Normalized Ripple Current Through the Primary
tLip Winding L,
Vs Gate-source Mosfet Voltage.
Ir1p Current Through the Primary Winding L,p,
Iris Current Through the Secondary Winding L,g.
Viop Voltage across the Push-Pull Primary Winding L,p,
n Efficiency.
I; Average Input Current.
Iy Average Output Current.
Vo Output Voltage.
Vi Input Voltage.
D Duty-Ratio.
Vs1,Vs2 Voltage across Switches S, and S,
is1,is2 Current through Switches S, and S,
Fs Switching Frequency.
t Time.
Al‘] Time interval where for both buck and boost modes S,

is turn-on.
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Time interval where for both buck and boost modes a
current flows through the flyback transformer.

At']

[. INTRODUCTION

The flyback-current-fed push-pull de-de 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 the
mentioned 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 removing the push-pull diodes.

The new converter is composed by a push-pull
transformer and two inductors (input and output)
magnetically coupled, that form the flyback transformer. In
addition, the circuit includes two switches and two output
diodes. The converter’s characteristics are as follows:

a) 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 (non-
overlapping mode) and for duty-ratio larger than 0.5, it
operates in the boost mode (overlapping mode).

b) its switches are at the same reference point, which
simplifies the driving circuitry.

¢) when both transformers have the same turns ratio,
the output characteristics in continuous conduction mode are
the same for both the overlapping and the non-overlapping
operation modes.

d) it has only two output diodes.

The operation of the new circuit is described in the
following section.

II. PRINCIPLE OF OPERATION 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. 1. They are described as follows:
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Fig. 1 - First (a) and second (b) stages tor D<0.5.
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Fig. 2 - Waveforms for the new converter working at D<0.5 in CCM: a)
and b) driving signals, ¢) input current, d) current through the inductor Ly, ,
e) current through the output diodes, and f) voltage across the primary
winding of the push pull transformer.

First stage (1, , t,): at the instant t=t,, S, turns on, a
current flows through L, L,, and S, . The voltage across L,,
is reflected across the push-pull secondary windings (L,g),
and d,, 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.

Second stage (t, , t,) : at t=t,, S, turns off and the
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
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the previous time interval. Since both diodes are conducting,
the push-pull transformer is short-circuited. This stage ends
when S, turns on. In the discontinuous conduction mode this
stage ends when the inductor current reaches zero and then a
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 mode is shown in
Figures 2 and 3, respectively.
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Fig. 3- Waveforms for discontinuous operation mode at D<0.5: a) current
through the primary winding L,p, b) current through secondary winding L,
¢) and d) current through output diodes, e) voltage across the primary
winding of the push pull transformer, and f) voltage across the switches.

III. PRINCIPLE OF OPERATION FOR D>0.5.

The circuits representing the stages of operation for a half
cycle are shown in Fig. 4. ‘

First stage (t,, t,): when this stage begins, switch S,
is already on. At t=t, S, is gated on, conducting
simultaneously with S,. Current starts flowing through the
push-pull primary windings L, so that the fluxes induced by
the primary windings are in opposite directions, causing a
magnetic short-circuit in the transformer. As a result energy
is stored in L,;.

Second stage (1, , t,): at the instant t=t,, S, is turned
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. ‘
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Fig. 4 -First (a) and second (b) stages for D>0.(5.)

For the discontinuous conduction mode, a third stage
starts when the current through the flyback transformer
primary winding becomes zero. There is no energy transfer
in this interval, which finish at t=T/2, when S, turns on .

The theoretical waveforms for CCM and DCM are
shown in Figs. 5 and 6, respectively.
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Fig.5- Waveforms for the converter operating at D>0.5 in CCM: a) and b)
driving signals of S, and S,, c) current through the secondary winding Ls,
d) current through the primary winding Lp, €) current through the switches,
and f) voltage across the primary winding of the push-pull transformer.

IV. OUTPUT CHARACTERISTICS

The output characteristics in the continuous current
mode for any duty-ratio are given by (1).

D (1)
(1-D)

V, =
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Fig. 6.- Waveforms for the discontinuous conduction mode and D>0.5: a)
current through the primary winding Lyp, b) current through secondary
winding L, ¢) current through switch S,, d) current through switch S, e)
voltage across the primary winding of the push-pull transformer L,, and f)
voltage across the switches.

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

by (2).
DZ
C(2-7,+D?)

@

~

o0

The boundary between DCM and CCM for D<0.5 is
given by (3).

I=4-1, =161,

v 3
221, + 1)

o~

For the boost mode, the
DMC are given by (4).

output characteristics in

_(2-D-1f+2-1,

— )
2.1,

Vo

The boundary between DCM and CCM for D>0.5 is
given by (5).

L=t il ®)
2. [1+V,]
The normalized load current is given by (6).
= Q§V_F:»:_M 0, (6)

i



The normalized load voltage is given by (7).

Yo Q)

i

Vo= N
The transformers turns-ratio are given by (8).

N=2L_ "3

ny )14

The unified output characteristics of the converter are

shown in Fig. 7. They are composed by the superposition of

the individual output characteristics of the classics buck and

boost converters.

For D=0.5 the converter will never operate in the
discontinuous conduction mode, even for light loads.

The minimal current load which ensures continuous

current mode is 7 =0.0625 for both the buck and the

®

o0 min

boost modes.

DCM Boost Mode

\
|
|
s )
X 7LD-0.7—-—-—

. " CCM Boost Mode
15 R st N D=0§-- -
B
-
- i :
s D=0 Sa-cre
e o CCM Buck mode

T,

N S

05 [--~JDCM Buck Mode
~ T

T~ Rk S S )

o S QDS S i ', P S

° T
0 0008 0018 0024 DD32 004 0D4S 005 0084 0072 0.08
I

Fig. 7- Unified output characteristics.

V. INPUT AND OUTPUT CURRENT RIPPLE.

For D<0.5, according to the waveforms shown in Fig.
2, the normalized output current ripple is given by (9)
)

Al LIS = ILISmax - ILISmin

}L and fL” ~are given by (10) and (11),

lS"lCIX
respectively.
”[‘LIS - [0 +D(I—2D) (10)
mex (1-D) 4-(1-D)
- I, _D-(1-2-D) aan

]LL\'- =
mn = (1-D)  4-(I-D)

By substituting (10) and (11) into (9), one obtains
(12).
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AL, _{-2-p)-p (12)
: 2-(1-D))

The current A; L, 1s defined by (13).

— 2-Ljg-Fg-N

ALy :—J%S_—'AiL1s' (13)

1

For D>0.5, according to the waveforms shown in Fig.
5, the normalized input current ripple is given by (14).

=1

min

4ir,, = }L“JMX 14
Iy

respectively.

and IL,,.

min

are given by (15) and (16)

1 pax

I, =t,2:D-1)(1-D) as)
max D 2 . D
7Lll’min :%— (2' D—I).(I—D) (16)

2-D
By substituting (15) and (16) into (14), one obtains

a7).

— 2-D-1)-(1-D

Fiy, =(22-D-(1-D) an
D

The current E Lp is defined by (18).

— 2-Lip-Fg-N .

Aig,, =—V‘—‘AlL,,, (18)
o

Expressions (12) and (17) are represented in Fig. 8a
and Fig. 8b respectively.
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Fig. 8- Current ripple for (a) buck and (b) boost modes as function of D.



The current ripples Ai L,, and Ai Lyg are similar to

the primary and secondary flyback transformer current ripple
of the conventional push-pull converter.

They become theoretically equal to zero when L,, and
L, are very large. In this case, the output current for D<0.5,
and the input current for D>0.5, have two levels different
from zero, as shown in Figures 9a and 9b. In the particular
case when D=0.5, both input and output current are ripple-
free.
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ng. 9- Input and output currents for (a) D<0.5 and (b) D>0.5, with
L,;=L,s=00 and N\=N,.
The variations observed in I ;s (Fig 9a) and I, (Fig. 9b)
are a consequence of the instantaneous flux preservation of
the flyback transformer for a period of operation.

VI - EXPERIMENTAL RESULTS

A laboratory protdtype, operating in the continuous
conduction mode, has been designed and implemented. Its
specifications are as follows:

P,=600W, V; =48V, V, =I5V, Fs=25kHz,
AV,

—£2. =001, AVgy=1V
Vo

Vo=60V, I,=104,

diy=01-T,=14,

The turns ratio N is calculated by using D=0.3, 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 1V, from (1), we obtain N=0.33.

' The primary and secondary flyback transformer
inductances L, and L,; are calculated. The obtained values

are L,¢=249.312p Hand L,=27.15p H.
The duty-ratio for V., and V;,,,, calculated using (1)
are as follows:

Dyin=10.3 Vime= 48V, and D= 0.6 for
Vimin= 15V.

imin~— \

for
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The power and control diagrams are shown in Fig. 10
and the parameters of the prototype are given in Table I and
Table 11 for the control circuit and the power stage,

respectively.

Table I - Cbntrol Circuit Components.

Pl 56kQ
P2,P3, 1kQ
P4 10kQ
R R, 5.6kQ, 1/8W
R;, Ry 15kQ, 1/8W
Rs, Rg 100 Q, 1/8W
Rs, Ry 1kQ, 1/8W
Ry, Ry 15kQ, 1/4W
Ry Ry 1kQ, 1/4W
Ry Ryy 15kQ, 1/4W
Ris. Rig Ryz, Ryg 1kQ, 1/4W
Rg, Ryp 22kQ, 1/4W
Ry Ry 6.8 Q, 1/4W
Ry 20kQY, 1/4W
C, 82 pF
C, 100 nF
C.. C, 27 pF
C5,C6Cy 56 nF
C,,Cy 100 nF
CCii 1 nF
Cp, 1.2 nF
d;dyd;d,dsds IN4148
dz,,dz, 2.7V IN4371
dzy,dz, 5.1V IN751
QQ BC558B, PNP
Q. Qs BC537, NPN
Qﬁ,Qﬁ.Q7,Qx.Q9.QL() BC327, PNP
Cl, LM311
Cl, CD4047BE
Cly CD4528BE
Table II - Power Stage Components.
S, S, MOSFET IRFP150
doy, do, MUR 135
dg,.dg, SKE 412/04, Semikron
Cg.Cgy 4700pF, 1.6kV polypropylene
Rg.Rg, 47k Q) , 172W
Co 1000uF, 250V
Cy 100uF
ds,dsz MUR 1530
Rys 6002
Tey: core E-65/26, N=0.33 n,;=9 turns, AWG 22,
airgap: 0.5mm. 13 wires.
n,=27 turns, AWG 22,
8 wires.
Tpp: core E-65/26, N=0.33 n,=n;=6 turns, AWG 22,
9 wires.
n=n=18 turns, AWG 22,
S wires.
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Fig. 10 -Power (a) and control (b) diagram.

Figure 11a shows the input (I ;) and the output
currents (I, ) for D=0.3 at rated load power, which is equal
to 600W. Fig. 11b shows the input (I ,;) and the output
current (I 5) for D=0.6. Finally, Fig. 11c shows the input
(Iup) and the output currents (I,g) for D=0.5. The
waveforms shown in Figures [1b and Ilc were taken at
output power equal to 300W.

The experimental waveforms confirm that for D=0.5,
both the output and the input currents are ripple-free, which
characterizes the behavior of an ideal DC-DC transformer.

Figure 12 shows the experimentally obtained
efficiency of the implemented converter, utilizing a
dissipative clamping circuit for V,=60V and V;=48V.

VII. CONCLUSIONS

From our study as reported in this paper, we draw the
following conclusions:

e The new converter preserves all the basic properties of
the conventional flyback current-fed push-pull converter
with fewer components.

e It operates in both buck and boost modes which are
represented by the same mathematical model.

e It presents high efficiency, which can be improved with
the utilization of regenerative clamping.
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Fig. 11- Experimentally obtained input (I ,p) and output (I_,s) currents for
(a) D=0.3, (b) D=0.6, ( ¢) D=0.5, with 5 | sec/div.
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Fig. 12 - Obtained efficiency as a function of the converter output power in
the buck mode.
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