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ABSTRACT. In this paper, a zero-voltage-switching (ZVS) single-ended primary induc-
tance converter (SEPIC) with multi-output sources is proposed. The proposed SEPIC
has the advantages as follows. 1) The active switches with soft-switching techniques can
achieve ZVS under turned-on transitions, resulting in reducing the switching losses and
electromagnetic interference (EMI). Therefore, the conversion efficiency of the SEPIC
can be increased. 2) To apply the voltage ratio theorem of the transformer, the SEPIC
has multi-output sources with step-up and step-down wvoltage functions. Therefore, the
applicability of the proposed SEPIC can be increased. The simulated results have verified
that the proposed ZVS SEPIC with multi-output sources has low switching losses and
high conversion efficiency.
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1. Introduction. With the demands for lighter weight, higher efficiency and smaller
size, switching power converters have been becoming essential parts of many electronic
systems. The voltage and current requirements of these systems often differ radically
from the forms, in which the electrical energy is delivered or stored. Switching power
converters use power semiconductor devices to control the power flow in an efficient way.
A number of non-isolated switching power converters have been developed and proposed.
For example, Buck, Boost, ‘Cuk, Zeta and SEPIC converters are attracted, which have
simple constructions and are widely used in low and medium power. To step-up/down
voltage and non-isolated applications, the SEPIC is often adopted, as shown in Figure 1
[1,2]. However, the hard-switching condition of the active switch (MOSFET) is a major
contributor to switching losses in the SEPIC, resulting in high power losses, high EMI, and
low conversion efficiency [2,3]. The illustration of the hard-switching for the active switch
is shown in Figure 2. To overcome these disadvantages, the SEPIC with soft-switching
techniques is usually the first choice [3,4].

In general, the soft-switching techniques can be classified into ZVS and zero-current-
switching (ZCS) techniques [5-7]. The ZVS or ZCS technique drives the voltage or current
of the active switch to zero before any switching action, and avoids the concurrent high
voltage and high current in the switching transition, as shown in Figure 3. Therefore,
soft-switching techniques are effective means to solve or alleviate switching losses, stresses
and EMI problems. In comparison of ZVS and ZCS techniques, the ZVS techniques have
simpler structures and easier designs [6-8]. In this paper, a ZVS SEPIC with multi-output
sources is proposed, as shown in Figure 4. The proposed SEPIC has the advantages as
follows: 1) high conversion efficiency, 2) low EMI emissions, and 3) multi-output sources.
The operational principles of the proposed ZVS SEPIC are decribed in Section 2. Simu-
lated and experimental results obtained from the proposed ZVS SEPIC with multi-output
sources are presented in Section 3. Finally, a conclusion is given in Section 4.
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FIGURE 2. Turn-on and turn-off transition waveforms of a MOSFET

2. Operational Principles. As shown in Figure 4, the proposed ZVS SEPIC consists of
main switch (M), auxiliary switch (M,), transformers (7)1 and 7)), free-wheeling diodes
(D,, D3 and D,) and filter capacitors (Cy, Co1, Coy and C,3). The ZVS cell is composed
of auxiliary switch (M) and transformer 7}, to achieve the ZVS features of the main and
auxiliary switches (M; and M,). To apply the voltage ratio theorem of the transformers
(T1 and T9), the proposed SEPIC has multi-output sources with step-up and step-down
voltage functions. Therefore, the utility of the proposed ZVS SEPIC can be increased.
In Figure 4, the operational principles of the ZVS SEPIC with multi-output sources
over one switching cycle can be divided into seven major operating modes. Figure 5 shows
the equivalent circuit modes of the ZVS SEPIC with multi-output sources over a switching
cycle. To simplify description of the operational modes, the following assumptions are
made.
1) Capacitance of C,, C,1, Cpe and Cy3 is large enough so that the voltages across them
are constant over a switching cycle.
2) All of the switching devices, MOSFETSs and diode are ideal.
Mode 1, Figure 5(a):
At mode 1, main switch (M;) is turned on and auxiliary switch (M) is turned off.
Inductor current iy, flowing through the path of V,-L,-M; is linearly increased. While
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F1cURE 4. Topology of ZVS SEPIC with multi-output sources

capacitor (C,) is discharged, discharging current i., is flowing through the path of C,-
M;-T,o. At this time, the current ip;; = i14 +1eq. During this mode, magnetic inductance
(Ly,) of transformer (7,1) delivers power to first-set source, and capacitors (Cye and C,3)
individually deliver power to secondary-set and third-set output sources. The equivalent
circuit is shown in Figure 5(a).

Mode 2, Figure 5(b):

At mode 2, main switch (M;) is turned off, and auxiliary switch (M;) is maintained
off. While diode (D,) is turned on, inductor current iy, begins discharging and flowing
through the path of L,-C,-D,-V,3-V;. During this interval, magnetic inductance (L,,) of
transformers (7,4 and T}5) individually deliver power to first-set and secondary-set sources
and capacitor (C,3) continuously deliver power to third-set output source. The equivalent
circuit is shown in Figure 5(b).

Mode 3, Figure 5(c):
At mode 3, auxiliary switch (Ms) is turned on under ZVS condition and main switch
(M) is maintained off. Inductor current iy, is divided into two-branch currents i, and
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FiGURE 5. Equivalent circuits of ZVS SEPIC with multi-output sources
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lca, One is flowing through the path of L,-C,-D,-V,3-V, and the other is flowing through
the path of L,-T,1-My-V;. During this interval, capacitor (C,;) delivers power to first-set
source. Magnetic inductance (L,,) of transformer (7,2) delivers power to secondary-set
source. The equivalent circuit is shown in Figure 5(c).

Mode 4, Figure 5(d):

At mode 4, when current iy, = ipp, diode (D,) is turned off. Then, capacitor (C,
begins discharging through the path of C,-T,1-Ms-T,5. At this time, the current iyn =
iLa + icq. During this interval, capacitors (Cp, Cyhe and C,3) individually deliver power
to first-set, secondary-set and third-set sources. The equivalent circuit is shown in Figure

5(d).
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Mode 5, Figure 5(e):

At mode 5, when current iy, is less than 7,9, parasitic capacitance (C7) of main switch
(M) is discharged. At this time, the current iy = 4 + ipr1 + ieq. During this interval,
capacitors (C,1, Chy and C,3) individually deliver power to first-set, secondary-set and
third-set sources. The equivalent circuit is shown in Figure 5(e).

Mode 6, Figure 5(f):

At mode 6, voltage of parasitic capacitor (C;) is dropped to zero, and body diode of
main switch (M;) is conducting and creating a ZVS condition for main switch (M;). At
this time, the current iy = ip, + ip1 + iee. During this interval, capacitors (Co1, Coo
and C,3) individually deliver power to first-set, secondary-set and third-set sources. The
equivalent circuit is shown in Figure 5(f).

Mode 7, Figure 5(g):

At mode 7, main switch (M) is turned on under ZVS conduction. At this time, the
current iyrg = irq +ip1 + 9. During this interval, capacitors (C,1, Cye and Cy3) individu-
ally deliver power to first-set, secondary-set and third-set sources. The operational mode
of the converter over one switching cycle is completed. The equivalent circuit is shown in
Figure 5(g).

3. Simulated and Experimental Results. To verify the feasibility, the simulated cir-
cuit of the proposed ZVS SEPIC with multi-output sources is built. Its specifications are
listed as follows:

e input voltage: 100 Vg,

o first-set output voltage: 5 Vg,

e second-set output voltage: 24 Vg,

e third-set output voltage: 400 Vg,

e total output power: 150 W, and

e switching frequency: 50 kHz.

Figure 6 shows simulated voltage and current waveforms of the main switch M; at turn-
on transition for ZVS SEPIC. From Figure 6, it can be seen that the main switch M;
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FIGURE 6. Simulated voltage and current waveforms of the main switch M;
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FI1GURE 7. Simulated voltage and current waveforms of the auxiliary switch My
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FiGure 8. Efficiency of the proposed ZVS SEPIC under full-load condition

has a ZVS feature. Figure 7 shows simulated voltage and current waveforms of auxiliary
switch My at turn-on transition for ZVS SEPIC. From Figure 7, it can be seen that the
auxiliary switch M, has also a ZVS feature. The efficiency values of the ZVS SEPIC by
formulas are obtained in Figure 8, in which it can be seen that the maximum efficiency
can be reached as high as 90% under full-load condition. Therefore, the proposed ZVS
SEPIC with multi-output sources has high conversion efficiency.

4. Conclusions. In this paper, a ZVS SEPIC with multi-output sources is proposed.
The proposed ZVS SEPIC uses transformers (7,; and 7,2) and auxiliary switch (Ms)
to implement the features of ZVS and multi-output sources. Therefore, the switching
losses of main and auxiliary switches can be reduced, and the efficiency of the proposed
ZVS SEPIC can be increased. In addition, to apply the voltage ratio theorem of the
transformers (7,; and T,5), the proposed SEPIC has multi-output sources with step-up
and step-down voltage functions. Therefore, the utility of the proposed ZVS SEPIC can
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be increased. Simulated results have verified that the proposed ZVS SEPIC with multi-
output sources is relatively suitable for the applications of step-up/down output voltages
and high conversion efficiency.
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