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Abstract - This paper presents an optimum topology for the
combination of two forward structures, attached to the same
transformer and operating like a full bridge. Transformer
and output filter operating frequencies are twice of each
forward switching frequency.

Each one of the forward converters has a loss less
commutation cell that allows for high switching frequency,
high power operation and high efficiency to a wide load
range.

|. INTRODUCTION

Isolated converters have been developed with high
switching frequency in order to decrease the transformer
size. Moreover, most of these converters use just one cycle
of the transformer hysteresis, which does not make use of
its full capacity. The proposed converter uses entire
hysteresis cycle, resulting in a smaller transformer. The
switching frequency is half of the operating frequency in
the transformer.

Full-bridge topologies, which have the same
characteristic [1,2,3,4], will be used like a comparison
parameter.

I1. PRESENTING THE PROPOSED CONVERTER

Fig. 1 presents the proposed converter.
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Fig. 1 — Proposed loss less Two Level Forward Converter.

Two forward structures, working in a complementary way,
are used to achieve the full-bridge operation mode. The
auxiliary switches, Sy and Sp, operate in ZCS mode to charge
the resonant capacitors C,y and C,p, respectively. When these
capacitors are charged to Vi/2 the main switches can turn-on
ZVS mode. The use of only one resonant capacitor for each
forward structure represents a gain in terms of reduction of
components. Besides, the circuit control for this converter will
not need to consider the “dead time”, that is required in full

bridge controllers.

Further, an additional advantage of this converter, in
comparison to those conventional full-bridges, is the reduced
voltage over the main semiconductors equal to V;,/2.

Since, the forward converters work aternately, the operating
frequency of each forward is reduced to half, f42. Therefore,
the switching losses are proportionaly reduced, but the
transformer and inductor frequency are still operating with f.

The components Caya, Dawxis Daner Lraxt, Laxa @nd Caxo,
Dawx3r Daar Lraxe, Laxe implement two auxiliary DC sources
needed by the resonant circuit, Vg, and V. TOo make easier
the operating stage analysis, the auxiliary voltage sources will
be replaced by 2 DC voltage sources of Vi/4. These auxiliary
DC voltage sources feed the load resonant circuit and the load
with only 10% of the total power transferred to the load. This
power is totally used to transfer energy to the load, which
means that the energy used in the resonant circuit is also used
to transfer power to the load.

A. Operating Principles.

In order to simplify the analysis, the following conditions are
assumed:
- ‘I isthe load current referenced to the primary winding of
the high frequency transformer and it is constant.
+ Vawu @nd Vo must be, at least, equal to Vi/4 to guarantee
that the C,y and Cp can reach Vi/2 during the resonance.
V aut @nd V aue Can be set to 1.3* Vi/4.
- Cg; and Cr, can be replaced by DC voltage sources of Vi/4
for one switching cycle.
Fig. 2 shows the main waveforms for this converter and Fig.
3 shows the equivalent circuit for each operating stage.
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The analysis of the two forward converters is identica
but phase shifted by the controller. So, it will be presented
for only one of them.

>

This stage ends when Vcy(t) = Vi/2 and Vep(t) = -Vi/2 at t
= t,, when Sy; and Sy, are turned-on in ZVS (zero voltage

switching) mode.
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Fig. 2—Main waveforms.

Stage 1 [to—ti] = Linear Stage

Fig. (3.a) presents the equivalent circuit for this stage.
Before the beginning of this stage, Dsl and Ds2 are
conducting the load current, Sy;, Sy2, SH1 and Sp, are not
conducting, C,y and C,p are discharged.

At 't = t, Sy is turned on in ZCS (Zero Current =Vi

Switching) mode. The resonant current, i_y(t), starts to
increase linearly from zero to I, when this stage ends.

The secondary winding isin free welling until i_y(t)=I_
a t = t;. This stage can be mathematically described by
(D).

) V
o (1) = % X o)
rU

Stage 2 [t; —t,] = Resonant Stage.

Figure (3.b) presents equivalent circuit for this stage. At
t = t;, Cy starts to charge positively and Cp starts to
charge negatively.

During the time i ,y(t) > I, Lpp Starts to conduct the
current i p(t) due to the induction of Ly, over Lyp. For this

stage i p(t) = ipw(t) =1y

a) Stage 1.

Dsl Ls Vout

LpD Ls

L1
Ds2
XS
g) Stage 7

Fig. 3 (a—b) Operating Stages.
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This stage can be mathematically described by (2) and
(3), (4) and (5).

iLrU (t) = Ic + \/QLU%(WO >¢) (2)
Zo = \/ I‘rU = \/ I‘rD (3)
2*C,, 2*C,p
Vin
VAuxU =k x? )
V.
Vo (1) = ko< L {1 cosfw, ¢)) ®

Stage 3[t, —t3] > Linear.

Fig. (3.c) presents the equivalent circuit for this stage. If
Vawu and Vaupo Were equal to Vi/4, this stage would not
exist. For practical circuits, Vayy and Vauu Must be
higher than Vi/4 due to conduction losses. Since V sy and
Vauwu ae higher than Vi/4, the current i go(t;) * 0. This
stage exists to let iy p(t) reach zero. When i p(t) =0 att =
t; the stage ends.

In the winding Lyp, diodes Dc; and Dc, conduct the
remaining current. These diodes clamp Vcp(t) at —Vi/4.

Inthewinding Lyy, i pu(t) =1 againat t = ts.

Sy and Sy, are turned-on at t = t3 but they will
not get into conduction until i p(t) =1, at t = ts. They are
turned-on at t = t, to facilitate the control.

This stage can be mathematically described by (6).

k>l\/m/4x§l_ k-1 V,(k-2) (g

é
iw®)=al,+
LrU() gc ZO Kk Hg AxLr

Stage4 [tz —t,] > Linear

Figure (3.d) presents the equivalent circuit for this
stage. In this stage, the source starts to feed the load. The
current in §y; and Sy, starts to increase linearly from zero
to I andi_y(t) decreases linearly from I, to zero.

This stage endswhen i y(t) =0att =t; and Sy is
turned-off in ZCS mode.

This stage can be mathematically described by (7).

V. (k- 2
n(k-2)
4xLr

iLrU (t) = Ic - )

Stage 5 [t, —ts] = Feeding the load

Figure (3.€) presents the equivalent circuit for this
stage. In this stage, the source feeds completely the load.
The PWM (pulse width modulation) controller defines the
time duration of this stage. This stage ends at t = t5 when
Sy1 and S, are turned-off.

Stage 6 [ts —tg] = Linear.

Figure (3.f) presents the equivalent circuit for this
stage. This stage represents the soft turn-off of Sy; and Sy,.
Capacitor C, discharges linearly from Vi/2 to zero and
capacitor C,p discharges linearly from-Vi/2 to zero.

This stage can be mathematically described by (8).

V. |
Ve (1) = ? - —2 )(C:r X 8

Stage 7 [te —t7] = Free wheeling

Figure (3.f) presents the equivalent circuit for this
stage. On this stage all main switches are turned-off. The
controller defines the operation time of this stage.

I11. SIMULATION RESULTS

The proposed converter has been simulated with the
following parameters:

CrU and CrD =2.2nF ' LrU and LrD =2mH

+ Cg and Cp, = 330nF - Vi, = 400V

. LSU and LSD = 600mH . LAUXU and I—AuxD = 600mH
- Lpyand Ly, = 1mH . Poy = 2400W

' I—FauxU and I—FauxD =50nH

' CFauxU and CFauxD =33nf ' Lsz 50mH

. Cs= 100nF

A frequency of 75kHz has been adjusted for each forward
converter. Fig. 4 presents the main waveforms in the resonant
elements. The peak values of i y(t) and i p(t) are depended
from the load current and from L,y — Cy and Lp — Cp,
respectively. These elements can be calculated to make it as
low as possible to reduce the conduction 10sses in Sayg and
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Fig. 4 — Main waveforms in the resonant elements.
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Fig. 5 presents the switching details of the main
switches Sy; and Spi. Sy, and Sp, have the same operation
of Sy; and Spy, respectively. All main switches are turned
on and off in ZVS mode.
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Fig. 5— Switching detail of Sy; and Sp;
Fig. 6 presents switching details for auxiliary
switches Sa 1 and Sauye. Both are turned on and off in
ZCS mode.
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Fig. 6 — Switching detail of Sy and Sp.

IV. CONCLUSIONS

This paper proposed an optimum converter that, as a full
bridge, uses al the hysteresis cycle of the transformer, with an
easy implementation commutation cell. The main advantages
over the conventional full bridge are the decrease of the voltage
over the main switches and the easier control.
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