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Abstract: In this paper, a soft-switching single-ended-primary-inductance converter (SEPIC) with
multi-output sources is proposed. The proposed SEPIC has the following advantages: (1) The
conversion efficiency can be increased. To incorporate a soft-switching cell with a flyback-type,
the power switches can achieve zero-voltage-switching (ZVS) and zero-current-switching (ZCS)
features under turn-on transitions, resulting in reducing the switching losses and electromagnetic
interference (EMI); (2) The applicability can be maximized. To apply the voltage ratio of the
transformers, the proposed SEPIC has multi-output sources with step-up/down voltage functions.
Finally, a prototype of the soft-switching SEPIC with multi-output sources is built and implemented.
Simulated and experimental results are presented to verify the performance and the feasibility of the
proposed soft-switching SEPIC with multi-output sources.
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1. Introduction

Industrial development and technological progress has resulted in fossil fuel energy shortages
and serious air quality concerns. To overcome fossil fuel energy shortages, the demand for renewable
energy sources has increased significantly. The typical renewable energy sources include Photovoltaic
PV panels, wind energy, and fuel cells, which have the features of cleanliness and freedom [1].
However, renewable energy sources have instability and intermittent output power characteristics.
Thus, they demand a switching-mode power converter to convert and regulate the energies into
suitable utilization power to loads [2,3].

With the demands of lighter weight, higher efficiency, and smaller size, switching-mode power
converters have been becoming essential parts of renewable energy systems. The voltage and
current requirements of the renewable energy systems often differ radically from the forms in
which the renewable energies are delivered or stored. Switching-mode power converters use power
semiconductor devices to control the power flow in an efficient way. A number of non-isolated
power converters have been developed and proposed; for example, Buck, Boost, ‘Cuk, Zeta,
and single-ended-primary-inductance converters (SEPIC), which have simple constructions and are
widely used in low and medium power applications [4-6]. To step-up/down voltage and non-isolated
applications, the SEPIC is widely used, as shown in Figure 1. However, the SEPIC has only a set of
output sources, resulting in low applicability [7-9]. Furthermore, the high-frequency hard-switching
conditions of the power switch (Metal-oxide-semiconductor-field-effect transistor, MOSFET) are major
contributors to switching losses and high-frequency ringing in the SEPIC, resulting in high power
losses, serious electromagnetic interference (EMI), and low conversion efficiency [8-10]. Figure 2 shows
the experimental results of SEPIC with hard-switching conditions. High-frequency hard-switching
of the high di/dt and dv/dt results in EMI of the high-frequency voltage and current, as well as high
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switching losses across the power switch. The serious EMI and switching losses are considerable,
which will damage the tolerance of the power switch [9-11]. Figure 3 shows the typical switching
loci for a power switch without and with soft-switching techniques, respectively. To resolve these
discussed problems, the SEPIC with soft-switching techniques and multi-output sources is a highly
researched topic.
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Figure 2. Experimental results of the power switch (Metal-oxide-semiconductor-field-effect transistor,
MOSEFET) with hard-switching conditions: (a) at turn-on and turn-off transitions; (b) extended
waveforms of high turn-on loss and high electromagnetic interference (EMI); (c) extended waveforms
of high turn-off loss and high EMIL
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Figure 3. Switching loci of hard switching and soft switching for a power switch.

In general, the soft-switching techniques can be classified into zero-voltage-switching (ZVS) and
zero-current-switching (ZCS) techniques [12-17]. The ZVS or ZCS techniques drive the voltage or
current of the power switch to zero before any switching action, and avoids the concurrent high
voltage and high current in the switching transition. The ZVS techniques include ZVS turn-on and
ZVS turn-off transitions, as shown in Figure 4. As illustrated in Figure 4a, the ZVS turn-off technique
is generally accomplished by slowing the voltage rising rate while the power switch is turning off.
In order to reduce turn-off loss of the power switch, an extra capacitor is added to the power switch in
parallel, as shown in Figure 5. However, the charge stored in the capacitor will be discharging through
the power switch when the switch is turned on again, creating an extra conduction loss in the power
switch. To release this loss, a zero-voltage turn-on technique is adopted. In general, the ZVS turn-on
technique is without an added external capacitor on the power switch. Thus, the power switch has no
extra conduction loss. Figure 4b illustrates the typical voltage and current of switches with the ZCS
turn-on and turn-off operation. Power switches with ZCS have no current at the switch turn-on and
turn-off transition to reduce the switching loss. To achieve ZCS turn-off conduction, the power switch
must be incorporated as an external snubber circuit. The snubber circuit needs at least a capacitor,
a diode, and an inductor, as shown in Figure 6. Thus, the complexity of the converter is increased.
To resolve this disadvantage, the ZCS turn-on technique can be easily achieved by inserting an inductor
in series with the power switch to limit the current rising rate at the switching transition. Comparing
the ZVS/ZCS turn-on and ZVS/ZCS turn-off techniques, the ZVS/ZCS turn-on techniques have less
components and are easily accomplished.

From the above description, power converters with ZVS/ZCS turn-on techniques are effective
means for solving or alleviating switching losses and EMI problems [18-22]. In this paper,
a soft-switching SEPIC with multi-output sources is proposed, as shown in Figure 7. The proposed
soft-switching SEPIC has the following advantages: (1) The use of a simple flyback-type cell, which
can achieve the ZVS turn-on condition of the main switch (M;) and the ZCS turn-on condition of the
auxiliary switch (M), resulting in low switching losses and EMI, and (2) To apply the voltage ratio of
the transformers, the proposed SEPIC has the functions of multi-output sources with step-up/down
voltage. In this paper, the power estimation of hard-switching SEPIC is described in Section 2.
The operational principles of the proposed soft-switching SEPIC with multi-output sources are
described in Section 3. Simulated and experimental results obtained from the proposed soft-switching
SEPIC with multi-output sources are presented in Section 4. Finally, a conclusion is given in Section 5.
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Figure 4. Illustration of ZVS (zero-voltage-switching) and ZCS (zero-current-switching) for a power

switch: (a) ZVS turn-on and turn-off transitions; (b) ZCS turn-on and turn-off transitions.

G

Parasitic
capacitances o Body diode
N -
Cod Pt ;]
g N I
NN
: ™ ZS —_—
| —_
Cds T
v I
IS |
Cgs - — — — — — !

SZ diode

capacitor

External
Snubber

|
|
el
|
L

External
capacitor

Figure 6. Illustration of the ZCS turn-off with an external snubber circuit.



Electronics 2017, 6, 35 50f 18

ZVS-ZCS cell with

flyback-type
La e G D,
— ——
T2

r-——-----

| ° o[

\Lne § é | De Third
First : | Second set
set [ lo___J____ JI set Z~Co3 |output
output C,— | output source
source source

& L g — ——

Figure 7. Topology of the soft-switching SEPIC with multi-output sources.

2. Power Estimation of Hard-Switching SEPIC

Figure 2 shows that the SEPIC with hard switching techniques results in serious EMI and
high switching losses. The illustrated switching waveforms of the power switches are shown in
Figure 8. The average switching power and conduction power losses over one switching cycle from
the waveforms of Figure 8 can be evaluated as follows:

1 T,
Poye = T {/0 Zswvswdt] = Paye,swit + Puve,condr (1)

where Pgye gt is the average switching losses, Pare cong is the average conduction losses, and T is the
switching cycle. The power losses of Pyye spit and Puye conq can be expressed as follows:

1[ pton DT
Pave,swit = T /0 lswUswdt + /DT . IswUswdt |, )
“loff

DT—t,

Puve,cond = % [ﬁgn i IO”VOffdt + fDTT Ioffvondt} (3)
ton ta

— Vi, [D o) (1 D)},

where DT is the duty cycle and I is the leakage current of the power switch. If the on and off times
are small compared to T, then Equation (3) can be expressed as follows:

Pave,cond = IonVoffD + IoffVon(l — D). (4)
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Figure 8. Illustration of the switch current, voltage, and power waveforms.

From Equation (2), it can be seen that the power losses of the power switch is operated at each cycle
of the turn-on and turn-off transitions. Therefore, power converters with soft-switching techniques
make them suitable for high-frequency operation. The benefits of power converters with ZVS and ZCS
features can be summarized as follows:

(1) Low switching losses and high conversion efficiency,
(2) Low di/dt and dv/dt, and thus low voltage spikes and EMI emissions, and
(3) High reliability and low cost.

3. Operational Principles

As shown in Figure 7, the proposed soft-switching SEPIC with multi-output sources consists of
the main switch (M), auxiliary switch (M,), transformers (T;; and T};), free-wheeling diodes (D,, Dy,
and D.), and filter capacitors (Cs, Co1, Cop, and Co3). The soft-switching cell is composed of an auxiliary
switch (M) and a transformer (T1) to achieve ZVS and ZCS features of the main and auxiliary switches
(M and Mj). Furthermore, to apply the voltage ratio of the transformers (T;1 and T,), the proposed
soft-switching SEPIC has multi-output sources with step-up/down voltage functions. Therefore,
the utility of the proposed soft-switching SEPIC can be increased.

In Figure 7, the operational principles of the soft-switching SEPIC with multi-output sources
over one switching cycle can be divided into seven major operating modes. Figure 9 shows the
current and voltage waveforms of the key components and the driving signal switches (M; and Mj).
Figure 10 shows the equivalent circuit modes of the soft-switching SEPIC with multi-output sources
over a switching cycle. To simplify the description of the operational modes, the following assumptions
are made.

(1) Capacitances of C;, Cp1, Co2, and C,3 are large enough that the voltages across them are constant
over a switching cycle.
(2)  All of the switching devices, MOSFETs, and diodes are ideal.
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Figure 9. Current and voltage waveforms of the key components and the driving signal switches
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Figure 10. Equivalent circuits of the soft-switching SEPIC with multi-output sources. (a) Mode 1;
(b) Mode 2; (c) Mode 3; (d) Mode 4; (e) Mode 5; (f) Mode 6; (g) Mode 7.

Mode 1 (Figure 10a, tp < t < t1):

At time fj, the main switch (M;) is turned on and the auxiliary switch (M,) is turned off.
The inductor current i;, flowing through the path of V,-L,-M; linearly increases. The inductor
current i, can be expressed as follows:

in(t) = .t~ to) 5)

While the capacitor (C,) is discharged, the discharging current i, is flowing through the path of
Cy-Mj-Try. The current iy, can be expressed as follows:

falt) = T2t~ ). ©
m2
At this time, the total current flowing through the main switch (M) is ipq = i, + icg. During
this mode, the freewheeling diodes (D;) and (D,) are turned off, and (D}) is turned on. The magnetic
inductance (Ly;1) of the transformer (T,1) delivers power to the first-set source, and the capacitors
(Co2 and Cp3) individually deliver power to the second-set and third-set output sources. The equivalent
circuit is shown in Figure 10a.

Mode 2 (Figure 10b, t; < £ < tp):

At time #;, the main switch (M;) is turned off, and the auxiliary switch (M) is kept off. While the
freewheeling diode (D,) is turned on, the inductor current i;, begins discharging and flowing through
the path of L;-C;-D,-V,3-Vs to deliver power to the third-set output source. The inductor current iy,
can be expressed as follows:

iLa(t) = fea(t) = 2B ), @)

During this interval, the freewheeling diodes (D;) and (D) are turned on. The magnetic
inductance (Ly;1) and (Ly2) of transformers (T and Ty,) individually deliver power to the first-set and
second-set sources. The equivalent circuit is shown in Figure 10b.

Mode 3 (Figure 10c, t; < t < t3):

At time ¢y, the auxiliary switch (Mj) is turned on under the ZCS condition and the main switch
(My) is maintained off. The inductor current i, is divided into two-branched currents iy and ig,.
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One is flowing through the path of L,;-C4-D;-Vy3-Vs, and the other is flowing through the path of
L4-T1+1-M3-Vs. The currents of if,, ip2, and ig, can be expressed as follows:

iLu(t) = iMZ(t) + ica(t)f (8)
ina(f) = W(t 1), ©)

and
(Vs + Vi, — Vig)

La

During this interval, the freewheeling diode (Dy) is turned off and (D, and D,) are kept on.
Capacitor (Co1) delivers power to the first-set source and the magnetic inductance (L;;2) of transformer
(Ty2) delivers power to the second-set source. The equivalent circuit is shown in Figure 10c.

ica(t) = (t - tZ)‘ (10)

Mode 4 (Figure 10d, t3 < t < ty):

At time t3, when current ij, = ijsp, the freewheeling diodes (D, and D) are turned off. Then,
capacitor (C;) begins discharging through the path of C;-T;1-M-T}2. The currents of i;, and i¢, can be

expressed as follows:
(Vs + VLLI)

(= ta), a1

iLu(t) =

and
(Vs + Via — Vi)

L1+ Ly

At this time, the current ipjp = i;, + i¢;. During this interval, the capacitors (Co1, Cpp, and C,3)

ica(t) =

(f — t3). (12)

individually deliver power to the first-set, second-set, and third-set sources. The equivalent circuit is
shown in Figure 10d.

Mode 5 (Figure 10e, t5 < t < t3):

At time t4, when the current iy, is less than iy, the parasitic capacitance (C;) of the main switch
(M) is discharged. At this time, the current ipp = i, + ip1 + ics. The currents of ip, and iy, can be

expressed as follows:
(Vs + Ve + VLml)
Lml

iLa(t) = (t—ta), (13)

and
Vi + Vima)

Ly + Linz

During this interval, the freewheeling diodes (D,, Dy, and D) are kept off. The capacitors (Cy1, Cp2,
and C,3) individually deliver power to the first-set, second-set, and third-set sources. The equivalent
circuit is shown in Figure 10e.

ica(t) = (t—ty). (14)

Mode 6 (Figure 10f, t5 < t < t¢):

At time t5, the voltage of the parasitic capacitor (C;) is dropped to zero, and the body diode of the
main switch (M;) is conducting and creating a ZVS condition for the main switch (M;). At this time,
the current ipgp =i, + im1 + ie- The currents of i, and iy, can be expressed as follows:

ia(t) = (¢ 19), 15)

and
Vi + Vima)

=
fea(£) L1 + Lo

(t—ts5). (16)
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During this interval, the freewheeling diodes (D,, Dy and D) are kept off. The capacitors (Cy1, Cp2,
and C,3) individually deliver power to the first-set, second-set, and third-set sources. The equivalent
circuit is shown in Figure 10f.

Mode 7 (Figure 10g, te < t < t7):

At time t4, the main switch (M) is turned on under the ZVS conduction. At this time, the current
of the main switch (M) is reversed, and the current of the auxiliary switch (M) is ip2 = i + ica — ipm1-
The currents of i}, and iy, can be expressed as follows:

(t—to), (17)

and
Vi + Vima)

Ly + Ly

During this interval, the freewheeling diodes (D,, Dy, and D,) are kept off. The capacitors (Co1, Co2,
and C,3) individually deliver power to the first-set, second-set, and third-set sources. The operational
mode of the soft-switching SEPIC over one switching cycle is completed. The equivalent circuit is
shown in Figure 10g.

ica(t) = (t - té)- (18)

4. Analysis of the Proposed Converter

In this section, the soft-switching cell and voltage gain of the proposed SEPIC with multi-output
sources will be analyzed in detail.

4.1. Derivations of a ZVS-ZCS Cell with Flyback-Type

In the literature, a number of power converters with soft-switching cells have been
proposed [23-31]. All of them employ an auxiliary switch and passive components to form a
soft-switching cell, which is used only to create a condition for achieving ZVS and ZCS at the power
switches’” turn-on transition. Figure 11 shows an equivalent power converter with a soft-switching
cell. The topology differs from a conventional power converter by an additional auxiliary switch
(M) and a resonant inductor (L;) which includes the parasitic capacitor (C1) of the main switch
(M) and a freewheeling diode (D;). This resonant branch Li-M5-C; is active only during a short
switching transition time to create a ZVS condition for the main switch (M;) and a ZCS condition for
the auxiliary switch (M;). By incorporating this type of resonant network, the soft-switching concept
can be extended to generate different ZVS-ZCS types of power converters.

A

L,

|
|
M/o/ T :o/ M
|
|

o
B D

Figure 11. Topology of an equivalent power converter with a soft-switching cell.
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Figure 12 shows a conventional SEPIC with a ZVS-ZCS inductor-type cell. The ZVS-ZCS
inductor-type cell is composed of a resonant inductor (L), an auxiliary switch (My ) and a diode (D),
which operates at a fixed frequency and is controlled by a pulse-width-modulated (PWM) scheme.
In Figure 12, to obtain multi-output sources and increase utility, the resonant inductor (L;) of the
ZVS-ZCS cell and the inductor (Lp) can be replaced by transformers. Therefore, the ZVS-ZCS cell and
the inductor (Lp) of Figure 13 can be modified to use two sets of flyback cell. Finally, a soft-switching
SEPIC with multi-output sources is obtained, as shown in Figure 7.

ZVZ-ZCS cell

]

L output
—Co source

Figure 12. Topology of a conventional SEPIC with an inductor-type ZVS-ZCS cell.
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Figure 13. Illustration of two topologies for the proposed converter: (a) SEPIC-flyback topology;
(b) flyback topology.

4.2. Analysis of the Voltage Gain

The proposed soft-switching SEPIC has three sets of output sources, as shown in Figure 7. In order
to obtain a facile analysis, the proposed soft-switching SEPIC with multi-output sources can be divided
into two topologies. One is the SEPIC-flyback topology, and the other is the flyback topology, as shown
in Figure 13.

In Figure 13a, it can be seen that the SEPIC-flyback topology is a combination of a SEPIC and
a flyback converter. In order to obtain a facile analysis, the currents of inductor (L,) of the SEPIC
are assumed to be continuous. When the switch (M) is turned on and the diode (D,) is turned off,
the voltage across the inductor (L,) is expressed as:

VLa,(switch turn-on) — Vs. (19)

When the switch (M) is turned off and the diode (D,) is turned on, the voltage across the inductor
(L;) is expressed as:
VLﬂ'(switch turn-of ) — Ve + Voz — Vs. (20)
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In steady-state operation, the voltage (V) across capacitor (C;) remains constant and can be
expressed as:
Voo =Vs. (21)

Therefore, Equation (5) can be expressed as:

VLa,(switch turn-of f) — Vos. (22)

According to the volt-second balance principle of the inductor (L,), the average voltage across an
inductor is zero for a periodic operation. Equations (4) and (7) are combined to obtain the following:

VLu,(switch turn-on) (DT) = VLa,(switch turn-of f) (1 - D)T/ (23)

or
Vy(DT) = Vys(1 — D)T, (24)

where D is the duty ratio of the switch (M), and the result of the voltage gain for the output source of
the third set can be determined as:
Vs D
Vs 1-D°
For the output source of the secondary, the voltage gain can be determined by the volt-second
balance principle. When the switch (M) is turned on and the diode (D) is turned off, energy is stored
in the magnetizing inductance (L;;») of transformer (T;7). The voltage of the magnetizing inductance

(Ly2) is expressed as:

(25)

VLmZ,(switch turn-on) — Vo =Vs. (26)

When the switch (M) is turned off and the diode (D,) is turned on, the current of the magnetizing
inductance (L;;2) cannot change instantaneously. Therefore, the conduction path must be through the
primary turns (Np2) of the transformer (T};). The current if,,» enters the dotted terminal of the primary
and must exit from the dotted terminal of the secondary. The secondary voltage V;; of the transformer
(Trp) becomes V5. The secondary voltage Vi of the transformer (T;7) is sent back to the primary and
establishes the voltage across the magnetizing inductance (L;,2), which is expressed as:

Npo
VLmZ,(switch turn-of f) — Vo (sz )/ (27)
s

where Ny is the primary turns and N;; is the secondary turns of transformer (T;;). According to
the volt-second balance principle of the magnetizing inductor (L), the average voltage across the
primary turns (Ny2) and secondary turns (Ns») is zero for a periodic operation. Equations (11) and (12)
are combined to obtain the following;:

VLmZ,(switch turn-on) (DT) = VLm2,(switch turn-of f) (1 - D)Tr (28)

or

Np2
ViDT = V( sz )(1—D)T. (29)
S

The result of the voltage gain for the output source of the secondary set can be determined as:

Vo2 _ Ng2 D

Viwz N )(m) (30)

Similarly, Figure 13b is also a flyback topology. According to Equations (12)—(15), the result of the
voltage gain for the output source of the first set can be determined as:
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Vol o Nsl D

o = (DG ) 1)

where N is the primary turns and N is the secondary turns of transformer (T;1).

4.3. Region of ZVS and ZCS

To reduce switching losses and increase the conversion efficiency, the proposed SEPIC is
incorporated with a soft-switching cell to implement ZVS and ZCS features. In Figure 7, the voltage
across the main switch (M) is larger than that across the auxiliary switch (Mj;). Thus, the magnetizing
inductance (Ly;1) of the transformer (T,1) has enough energy to achieve the ZVS and ZCS features for
the main switch (M;) and auxiliary switch (M;).To achieve the ZVS and ZCS features, the magnetizing
inductance (Ly;1) of the transformer (T,1) needs to meet the following inequality:

Ci (Vs + VLa)2

Lo >
" (I /n)>?

> / (32)
where 1 = Ns1/Np1 is the turns ratio of the transformer (T;1), Ip1 is the average output current of the
first-set source, and C; is the parasitic capacitance of the main switch (Mj). The ZVS and ZCS features
for the main switch (M;) and auxiliary switch (M) depend on Cy, L1, Vs, and I1. Therefore, we can
plot the curves, showing the relationships between the magnetizing inductance (L;;1) and the output
current I, for different values of input voltage V5, as illustrated in Figure 14. For achieving the ZVS
and ZCS features, the magnetizing inductance (Ly,1) should be selected from the area above the grid
surface, as shown in Figure 14.

0.5 200
(a)
Lml, uH = =
300 n=5, Vol=12V
275
ZVS and ZCS|
region
250
225 =1
Vs=60V
200
175
150
0 0.1 0.2 0.3 0.4 0.5

T Lor (4)
(b)
Figure 14. (a) 3-D plots of the minimum magnetizing inductance (L;;1) of the transformer (T;1) as

a function of the output current (I,1) under different input voltages for achieving ZVS and ZCS features;
(b) a partial plot showing the ZVS and ZCS region versus the output current (I,1) at Vg =60 V.
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5. Simulated and Experimental Results

To verify the feasibility of the design, a 150 W prototype of the proposed soft-switching SEPIC

with multi-output sources is implemented. Its specifications are listed as follows:

input voltage: Vs = 60 V.,

first-set output voltage: V1 =12 Vy,
second-set output voltage: Vo =24 Vy,
third-set output voltage: V,3 =100 V.,
total output power: 150 W, and
switching frequency: f = 55 kHz.

Figure 15 shows the simulated and experimental voltage and current waveforms of the main

switch (M) at the turn-on transition for the proposed soft-switching SEPIC. From Figure 15, it can be
seen that the main switch (M;) has a ZVS feature and low EMI noise. Figure 16 shows the simulated
and experimental voltage and current waveforms of the auxiliary switch (M,) at the turn-on transition
for the proposed soft-switching SEPIC. From Figure 16, it can be seen that the auxiliary switch (M) also
has a ZCS feature and low EMI noise. The experimental efficiency of the proposed multi-output sources
SEPIC with soft-switching and hard-switching techniques are obtained in Figure 17. From which it can
be seen that the maximum efficiency with soft-switching techniques can be as high as 90%. Compared
with the hard-switching techniques, the proposed multi-output sources SEPIC with soft-switching
techniques has low switching losses, low EMI, and high conversion efficiency.

low ringing and

Vs ] | Vos EMI noise
¥ | E FERY'S
h— | H—u
| 5
‘ > mt————
— low ringing and

. EMT noise

ZVS feature . / \ /

at turn-on T s A / \\
transition }/ ‘ i
o / —ET ’ |
\ J A B
/ d - W ZVS feature

- s - - A
\ ‘ d L~ e at turn-on transition
N/

(@) (b)

Figure 15. Voltage and current waveforms of the main switch (M;): (a) simulated results (Vpg: 50 V/div;
ips: 1 A/div; Time: 5 us/div); (b) experimental results (Vpg: 100 V/div; ips: 1 A/div; Time: 2 ps/div).

Vos Inw ringing and

MV EMI noise

= ~ ) iDS )
ZCS feature 7 /
:\Iturn»(:? transition ins / ‘ l/ \I
V4 /) L /
'/ /\r “/ //_ — \\ y y\ /\ _
y\1/ ‘ / ZCS feature low ringing and

at turn-on transition EMI noise

(@ (b)

Figure 16. Voltage and current waveforms of the auxiliary switch (My): (a) simulated results (Vpg:
100 V/div; ipg: 0.5 A/div; Time: 5 us/div); (b) experimental results (Vpg: 100 V/div; ipg: 0.5 A/div;
Time: 2 ps/div).
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Figure 17. Efficiency of the proposed multi-output sources SEPIC with soft-switching and hard-
switching techniques under full load condition.

6. Conclusions

In this paper, the proposed soft-switching SEPIC with multi-output sources has been built and
implemented. It uses a soft-switching cell with flyback-type to implement the features of ZVS and
ZCS under turn-on transitions for the main switch (M;) and the auxiliary switch (Mj). Therefore,
the switching losses and EMI of the main and auxiliary switches can be reduced, and the efficiency can
be increased. In addition, to apply the voltage ratios of the transformers (T,; and T;;), the proposed
soft-switching SEPIC has multi-output sources with step-up/down voltage functions. Therefore,
the utility of the proposed soft-switching SEPIC can be increased. The simulated and experimental
results have verified that the proposed soft-switching SEPIC with multi-output sources is relatively
suitable for renewable energy systems.
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