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In this paper, a zeta converter with a resistor-capacitor-diode (RCD) snubber and an
H-type snubber to reduce switching and reverse-recovery losses is proposed. The proposed
converter has the following advantages: (1) By incorporating an RCD snubber, the power
switch can achieve a zero-voltage transition (ZVT) to reduce the switching losses of the power
switch. (2) By incorporating an H-type snubber, the reverse-recovery losses of the power
diode can be reduced. Therefore, the overall efficiency of the proposed converter is increased
significantly. Finally, a prototype zeta converter with an RCD and an H-type snubber to reduce
the switching losses of the power switch and the reverse-recovery losses of the power diode is
built. Experimental results verify that the proposed zeta converter is relatively suitable for the
requirements of a low or medium power.

1. Introduction

Dc—dc converters are switching power converters that convert a dc voltage to a different
dc voltage, often providing a regulated output. Non-isolated switching power converters are
classified by the relationship between the step-up and step-down voltages, for example, buck,
boost, buck-boost, Cuk, SEPIC, and zeta converters. In the dc—dc applications of step-up or
step-down voltages, the zeta converter is widely adopted, because the output voltage of the
zeta converter can be higher or lower than the input voltage. To reduce the size and weight of
components, the zeta converter is often operated at a high switching frequency. However, when
operated at a high switching frequency, the power losses and electromagnetic interference (EMI)
noise of the zeta converter are significantly increased. These disadvantages decrease conversion
efficiency and power capability, which in turn seriously deteriorate the performance of the zeta
converter."®)

To overcome the above disadvantages, zeta converters with soft-switching techniques to
reduce power losses and EMI noise have been proposed.(Hz) The soft-switching techniques can
be divided into four techniques: zero-voltage switching (ZVS), zero-current switching (ZCS),
zero-voltage transition (ZVT), and zero-current transition (ZCT). Among the four techniques,
the ZVT technique has the simplest structure and easiest implementation for applications of
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low- or medium-power converters.!>"16) Zeta converters with the ZVT technique can effectively
decrease the power losses of the power switch and EMI noise. A schematic diagram of the
ZVT technique is illustrated in Fig. 1. In this study, a zeta converter is equipped with a resistor-
capacitor-diode (RCD) snubber to reduce the switching losses of the power switch and with an
H-type snubber to reduce the reverse-recovery losses of the power diode, as shown in Fig. 2.(16-19
The H-type snubber has a simple structure, consisting of a resonant inductor (L), two resonant
capacitors (C1 and C»), and three diodes (D1, D>, and D3). The derivation of the H-type snubber
is described in Sect. 2. The operational principles of the zeta converter with an RCD snubber
and an H-type snubber are described in Sect. 3. Experimental results obtained from a prototype

zeta converter are presented in Sect. 4. Finally, a conclusion is given in Sect. 5.
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Fig. 1. (Color online) Illustration of ZVT technique.
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Fig. 2. (Color online) Topology of zeta converter with RCD snubber and H-type snubber to reduce switching and
reverse-recovery losses.
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2. Derivation of H-type Snubber

The ZVT technique is applied by inserting a snubber cell in parallel with passive
components (diodes, inductors, and capacitors) to limit dv/dt of the drain-source voltage of the
power switches. To illustrate the synthesis procedure, a zeta converter combining two possible
snubber topologies is shown in Fig. 3. The two possible topologies have the same function of
achieving the ZVT of the zeta converter. In Fig. 4(a), the two snubber topologies can utilize
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Fig. 3. (Color online) Equivalent topologies of zeta converter with (a) type 1 and (b) type 2 snubbers.
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the source transformation concept. Thus, the current source of each snubber topology can be
identified as an inductor in series with a voltage source, as shown in Fig. 4(b). Each voltage
source in Fig. 4(b) can be modeled as a capacitor connected in series with a diode, as shown in
Fig. 4(c). Finally, an H-type snubber is derived, as shown in Fig. 4(d).

3. Operational Principles

Figure 2 shows the zeta converter with an RCD snubber to reduce the switching losses of
the power switch (S;) and with an H-type snubber to reduce the reverse-recovery losses of the
power diode (D,). The operational principles of the zeta converter over one switching cycle can
be divided into four major operating modes. Figure 5 shows the current and voltage waveforms
of the key components and the driving signal of the power switch (S,). Figure 6 shows the
equivalent circuit modes of the zeta converter with an RCD snubber and an H-type snubber.
Mode 1 [Fig. 6(a), tp <t < t]:

At time tp, power switch S, is turned on and power diode D, is turned off. The inductor
current i7, flowing through the path Vi—S,—L,—V; is linearly increased. Simultaneously, the
current of capacitor C, is divided into two paths, with some of the current flowing through
the path C,—C1—D1—L1—Cr—V;—C, and some of the current flowing through the path
C,—Ly—Load—C,. During this interval, resonant inductor Z; and resonant capacitors C; and
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Fig. 5. (Color online) Current and voltage waveforms of key components for zeta converter with RCD snubber
and H-type snubber.
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Fig. 6.  (Color online) Equivalent circuits of zeta converter with RCD snubber and H-type snubber. (a) Mode 1. (b)

Mode 2. (c) Mode 3. (d) Mode 4.

C, are charged in a resonant manner. The input current i; and the resonant current ic, can be

expressed as

is(f) = ipa(t — to) + ica(t — to) M

and

iea=(V, +Vc(,)4/% sin[ ap(1-1o)]. ®

where C=2[(C1Co/(C) + C2)] and @y = |2/ L,C . The equivalent circuit is shown in Fig. 6(a).

Mode 2 [Fig. 6(b), t; <t <1]:

At time ¢, the voltages of the resonant capacitors (V¢; and Vo) are equal to Vi + V., and
diodes D; and D3 conduct. Simultaneously, the resonant current i¢; drops to zero and the

resonant motion is completed. The currents iz, and iz of the inductors can be expressed as
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The equivalent circuit is shown in Fig. 6(b).
Mode 3 [Fig. 6(c), 1, <t < #t3]:

At time t, power switch S, is turned off. The charges stored in capacitors C; and C, are
discharged to the output through diodes D; and D3, respectively. Thus, power switch S, is
turned off under a ZVT condition. The currents iy, and i;; of inductors L, and L, can be
expressed as

iLa(t):iLb(t):(%)(t_&)' ®)

The equivalent circuit is shown in Fig. 6(c).
Mode 4 [Fig. 6(d), 13 < < t4]:

At time #3, the voltages of resonant capacitors C; and C; are discharged to zero and power
diode D, conducts current. During this interval, the currents iz, and iy of inductors L, and L
flow through power diode D,, respectively. The currents iz, and iz of inductors L, and L, can
be expressed as

iLa(t){VLC“j(t—ta) ©)
and
iLba){VL"Zf](f—tg). (M)

The equivalent circuit is shown in Fig. 6(d). The operational mode of the zeta converter with an
RCD snubber and an H-type snubber over one switching cycle is thus completed.

4. Experimental Results

To verify the feasibility of the zeta converter with an RCD snubber and an H-type snubber to
reduce switching and reverse-recovery losses, a 100 W prototype is built. The specifications of
the zeta converter are listed as follows:
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input voltage: V=120V,
output voltage: V,,;,= 50V,

 output current: /,,;=2 A,

 switching frequency: /= 50 kHz.

Figure 7 shows the experimental voltage and current waveforms of power switch S,. It can be
seen that the power switch has a ZVT feature at the turn-off transition. Therefore, the switching
losses of the power switch can be reduced significantly. Figure 8 shows the experimental current
waveforms of power diode D,. It can be seen that the H-type snubber can reduce the reverse-
recovery losses of the power diode. The experimental efficiency of the zeta converter with an
RCD snubber and an H-type snubber is shown in Fig. 9. It can be seen that the zeta converter

can obtain a high efficiency (about 90%).
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Fig. 9. (Color online) Efficiency of zeta converter with RCD snubber and H-type snubber to reduce switching and
reverse-recovery losses.
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5. Conclusion

In this paper, a zeta converter with an RCD snubber and an H-type snubber to reduce
switching and reverse-recovery losses has been built and implemented. Incorporating the simple
RCD snubber and H-type snubber in the zeta converter can effectively reduce the power losses
of the power switch (S,) and the reverse-recovery losses of the power diode (D,). Therefore,
the overall efficiency of the zeta converter can be increased significantly. The experimental
results verified that the zeta converter with an RCD snubber and an H-type snubber is relatively
suitable for the requirements of a low or medium power.
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